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This invention relates to conbustion engi nes or conbustors and, nore 5
particularly, to a fuel system arrangenent for reduci ng undesirable

em ssions from conbustion engines or conmbustors. Conventional |iquid-fueled
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process. Conmbustors w
in compressed air or oxidizer. This reduces only a portion of the emissions that

result from incomplete combustion of the liquid fuel. The formation of some
emissions, such as NO, however, is more closely related to combustion temperature

20 than to the efficiency of combustion. Therefore, increasing the combustion
efficiency does not significantly reduce emissions of NOx.

One proposed solution for minimizing undesirable emissions includes
combusting the liquid fuel in compressed air or oxidizer at a lower temperature to
reduce formation of the emissions. This may reduce formation of some of the

25 emissions, however, it increases the amount of uncombusted fuel (i.e., reduces
combustion efficiency). The increase in uncombusted fuel may negate a significant
portion of the benefit accrued from the reduction in the formation of the emissions.

Accordingly, there is a need for a fuel system arrangement that provides
lower temperature combustion to reduce formation of emissions while maintaining

30 combustion efficiency and combustor operability. Combustor operability relates to
the maintenance of a robust, stable combustion process. Combustors with poor

operability may experience “blow-out” events in which the flame is extinguished.



operability may experience "blowout" events in which the flanme is

extingui shed. 1 Poor operability nmay also |lead to | arge conbustor pressure
oscillations which can cause noise and vibration problens and decrease
conbustor durability. This invention addresses these needs and provides
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good caonbustor .operability. In addition, the ratio of liqujd fuel flow
15 in fluid communication with the vaporizer for mixing the vaporized fuel with an
amount of oxidizer. A controller is in communication with the vaporizer and the
mixer or mixers for controlling the fuel/oxidizer mixture ratio exiting the mixer or
Mmixers.
An exemplary method of reducing emissions of an undesirable combustion
20  product according to the present invention includes vaporizing at least a portion of a
liquid fuel to produce vaporized fuel and the mixing of vaporized fuel with oxidizer
to produce a mixture of vaporized fuel and oxidizer. The mixture of vaporized fuel
and oxidizer is then reacted in a combustor. The flame temperature of the vaporized
fuel and oxidizer mixture is lower than that of the direct combustion in the oxidizer
25  of the liquid fuel from which the vaporized fuel was produced. This reduces the
formation of at least a portion of undesirable combustion products. Local injection
of liquid fuel into the combustor may be used to “pilot” the combustion process in
order to insure good combustor operability. In addition, the ratio of liquid fuel flow
rate to vapor fuel flow rate may be adjusted in order to ensure good operability. The
30  fuel injection process is managed by a controller, which controls the distribution of
both vapor and liquid fuel to one or a multiplicity of fuel injectors and/or mixers.

This distribution of fuel flows and the ratio of liquid fuel flow rate to vapor fuel flow



rate to vapor fuel flowrate nmay be adjusted in order to ensure good
operability. The 30 fuel injection process is nmanaged by a controller, which
controls the distribution of both vapor and liquid fuel to one or a
multiplicity of fuel injectors and/or mxers. This distribution of fuel
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Figure 2 is a schematic view of a second embodiment of an example fuel
system according to the present invention.
Figure 3 is a schematic view of an example vaporizer.
Figure 4 is a schematic view of the vaporizer of Figure 3, during operation.
20 Figure 5 is a schematic view of a second embodiment of an example

vaporizer.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 illustrates selected portions of an example combustion engine

25 assembly 10, such as a gas turbine engine for an aircraft. In this example, the
combustion engine assembly 10 includes a compressor 12, a combustor 14, and a
turbine 16. The combustion engine assembly 10 operates in a known manner,
feeding compressed air or oxidizer from the compressor 12 to the combustor 14.

The compressed air or oxidizer is mixed with fuel and react to produce a flow of hot

30 gases 18. The turbine 16 transforms the flow of hot gases 18 into mechanical energy
to drive the compressor 12. An exhaust nozzle 20 directs the hot gases out of the

combustion engine assembly 10 to provide thrust to the aircraft or other vehicle.



feedi ng conpressed air or oxidizer fromthe conpressor 12 to the conbustor
14. The conpressed air or oxidizer is mxed with fuel and react to produce
a flow of hot 30 gases 18. The turbine 16 transfornms the flow of hot gases
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liquid fuel may dissolve quantities of atmospheric gases such as oxygen. The
dissolved oxygen can lead to the formation of carbonaceous deposits called “coke”
when heated, which may lead to build-up of deposits and hinder the functionality of
20  afuel system. If the dissolved oxygen level of the liquid fuel is significantly above
1 ppm, significant coking during vaporization of the liquid fuel in the vaporizer 30
may occur and require constant cleaning of deposits.  Utilizing the fuel
deoxygenator 26 to reduce the dissolved oxygen level to less than 1 ppm minimizes
coking and allows the liquid fuel to be heated to a temperature higher than 325° F to
25  vaporize the liquid fuel without significant coking.
Preferably, the fuel deoxygenator 26 includes a known arrangement that
utilizes an oxygen partial pressure differential across a porous membrane filter 31 to
remove the oxygen from the liquid fuel. One example is found in U.S. Patent
6,315,815, however, given this description, one of ordinary skill in the art will
30 recognize other deoxygenator arrangements to meet their particular needs.

Alternatively, or in combination with the known deoxygenator arrangement, a

known anti-coking additive is added to the liquid fuel to reduce coking.



25 vaporize the liquid fuel wthout significant coking. Preferably, the fuel
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formation of emissions of NOx, CO, UHC and soot while maintaining or increasing

combustion efficiency. In one example, the combustion temperature is between
1400°F and 3000°F to reduce emissions.

The uniform mixing of compressed air or oxidizer and vaporized fuel

20  provides the benefit of a more uniform production of combustion heat within the
combustor 14 than for previously known liquid fuel systems. The uniform
production of combustion heat in the combustor 14 in turn provides more uniform
gas temperatures over the area of the turbine 16 to enhance the life of the turbine, for
example. The uniform production of combustion heat and the low combustion

25 temperature in the combustor 14 also enhances the life of the combustor, for
example.

Optionally, the fuel system 22 includes a controller 34 for controlling
operation of the fuel system 22. The controller 34 is in communication with the fuel
deoxygenator 26, pump 28, vaporizer 30, mixer or mixers 32, and fuel injector or

30 injectors 37a, 37b, 39a, 39b. The controller 34 controls the fuel system 22, as

described below for example, to achieve enhanced combustor 14 operability.
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response to the pressure and temperature to enhance operability and emissions.

In another example, the controller 34 selectively adjusts a ratio of oxidizer

and vaporized fuel for different mixers 32 (indicated by 32a and 32b) to enhance
20  operability and reduce emissions.

In another example, the controller 34 controls the vaporizer 30 or the amount
of liquid fuel sent to the vaporizer 30 to selectively adjust a percentage of liquid fuel
that is vaporized to enhance operability and emissions.

In another example, the controller 34 commands the fuel system 22 to

25  produce a first ratio of vaporized fuel and oxidizer for one fuel injector 37a and a
second, different ratio of vaporized fuel and oxidizer for the an other fuel injector
37b. Although only two injectors are shown, it is to be understood that the ratio of
vaporized fuel and oxidizer to other injectors or groups of injectors can also be
controlled. This provides the benefit of precisely tailoring the ratio of oxidizer and

30  vaporized fuel that is supplied to different injectors to maximize the combustor

operability and emission benefits.



20 operability and reduce em ssions. In another exanple, the controller 34
controls the vaporizer 30 or the anbunt of liquid fuel sent to the
vaporizer 30 to selectively adjust a percentage of liquid fuel that is
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28 shown in the e I e of Figure
includes a compressor 46 instead of the pump 28 shown in the example of Figure 1.

In this example, the compressor 46 is located between the vaporizer 30 and the

mixer or mixers 32. The compressor 46 receives vaporized fuel from the vaporizer
20 30 at a first pressure and compresses the vaporized fuel to a second pressure that is

greater than the first pressure. The pressurized vaporized fuel is then mixed with

oxidizer 33 in the mixer or mixers 32, as described above, and supplied to the

combustor 14. Utilizing the compressor 46 to pressurize the vaporized fuel provides

the benefit of tailoring the pressure of the vaporized fuel to match that of an internal
25  pressure within the combustor 14.

Figure 3 shows selected portions of an example vaporizer 30 that includes a
heat exchanger 54. In the example shown, the heat exchanger 54 includes an inlet
port 56 in fluid communication with an outlet port 58. Deoxygenated liquid fuel or
liquid fuel with low concentration of dissolved oxygen from the fuel deoxygenator

30 26 enters the inlet port 56 and flows through a series of fluidly connected tube
portions 60. The tube portions 60 are separated from each other by fins 62. The

space between the tube portions 60 and the fins 62 provides an open area for the



In this exanple, the conpressor 46 is |ocated between the vaporizer 30 and

the mxer or mxers 32. The conpressor 46 receives vaporized fuel fromthe
vaporizer 20 30 at a first pressure and conpresses the vaporized fuel to a

second pressure that is greater than the first pressure. The pressurized

vaporized fuel Js, then.m.xed wth xidi.zer 33 in t Lxer _gor mxers 32, as
descri bed a Oﬁv%tl, a %ergge Js]fll}blgls}l%ldast Gl ?%Sglowg olﬂ‘g}lljes%l%? ViEY &SP%?a?ieﬁghaPﬁ%r %{)rrpr essor
46 to pressmFiguge 4.he vaporized fuel provides the benefit of tailoring the
pressure of the vaporized fuel to_match that of an internal 25 pressure

wi thin the conbdd il exampleshown imFighagd, slatiselydiwt floid P As blownabeterempl e
vapori zer %lQeltulagkoftﬂ)%F &g%ﬁchathapﬁ ﬁ%}ﬁ?t}%%ggulﬁﬁ@} }s[]clog.ﬁﬁct%ﬁ{mhg} fAgun, the

heat exchanger I nc es an 1nlet port comunication with an
out | et por tof 8. tube payigan a0 e thei ligui difueliBbwing withiguhetube @brtidns 60 GWhen
concentration_of dissolved oxygen fromthe fuel deoxygenator 30 26 enters
the inlet P& H9%8 THpldinsthe RS POTHARHOG reashesedie oRPPTIZALENCRBRIIEEE OF thebe

Dor 1.9 OQpn TEnsHIGRAE! A0%oAR AERBBANHES 10 ThE a0k ed (1S 62

The space e tube r'tions I ns rovi des an open
area for tRkeits thefheavexohargehsatheoughl the dutdaspbrted8. ai r as shown in the side view
of the heat exchanger. 54 in Figure 4. In the exanple shown in Figure 4,

rel atively hot fIgHT8 dSeHustEates Sitadaranens ofianether yapgsrret PERatapCledesR t hat

heat frgm | LS f]d’m: - e

porti Ol’llg 6%@0%@"%%%"6?@% B%Tﬁ? ow ﬂ’ggbﬂsp h?gg%kﬁﬂ% %“’g%ﬁef%gga'%gg' When t he
| i qui d fuelln ithis €hamplape hpairsoumesorGourcendBadjatdre tv alpoibzdt2i providesbeatat ur e of
the correspondin ressur the_liquid fue] vapqrizes intq a gas. The
vapori zed f Ipof(}'ﬂgr\"getg[ﬁ’f‘%‘e%%téaq%@éi g‘éﬁ‘éﬁtatﬂdé? t‘%ﬂ%h?’v w&wwﬁ%ﬂ%ﬂw hegt port 58.
Figure 5 il tiE At ' o] i i ncl udes
a 10 tubeté%g%hﬁaﬁﬁguezﬁﬁaggy%ﬁgs Egﬁ] }ﬁ@r%;ﬁ%?%?{!hg{lﬁ?smgg éllgﬁfﬁgleﬁg%ﬂfggﬁepor ous
met al f oamvdporization ttiémperetaaarpl ¢he eorespondingipeasswe, seuliqed M8l aajjosizent to the

tube 72_provides hea%.e‘ Tcﬂg)oﬁorous nmetal foam 76 transfers the heat to the
tube 720 wWh'RR &P A%HSCEdE Gat to the liquid fuel that passes through the

tube 72. When the phd AkRatdekahSRCHE DR mMAPRARZ?S iRudeSTPRLALYY 6f O the
correspondi ng pressure, the liquid fuel vaporizes
pores 80. In the event that fuel escapes from the tube 72, the porous metal foam 76
and pores 80 provide the benefit of allowing fuel to escape without a pressure build-
up within the metal foam 76. The pores 80 also prevent the escaping fuel from the
20  tube 72 from combusting with the oxidizer in the metal foam 76.

The disclosed examples provide the benefit of reduced emissions by
reducing the oxygen level in liquid fuel enables the liquid fuel to be vaporized
without significant coking. The vaporized fuel premixed with the oxidizer combusts
at a relatively low combustion temperature, which reduces formation of NOx

25 emissions, yet the temperature is high enough to reduce the CO, UHC and soot
emissions. A controlled distribution of both vaporized and liquid fuel among
different fuel injectors ensures that sufficient combustor operability is maintained.

Although a preferred embodiment of this invention has been disclosed, a
worker of ordinary skill in this art would recognize that certain modifications would

30 come within the scope of this invention. For that reason, the following claims

should be studied to determine the true scope and content of this invention.



15 into a gas as described above. In the illustrated exanple, the porous
nmetal foam 76 includes a plurality of pores 80. In the event that fuel
escapes fromthe tube 72, the porous netal foam 76 and pores 80 provide the
benefit of allowi ng fuel to escape without a pressure build- up within the
metal foam 76. The pores 80 al so prqfﬁai he escaping fuel fromthe 20 tube
72 from conbusting with the oxidizer e netal foam 76. The di scl osed
exanpl es provide the benefit of reduced em ssions by reducing the oxygen
level in liquid fuel enables the liquid fuel to be vaporized wthout

si gni fi cantl- cokiffel Tyseeny sprBPIiSiBg fuel prenixed with the oxidizer conbusts
at a relatively |l i | Gh: ormation of NOx
25 em ssi ons, yggﬁpkg8?§#%éngﬁﬁggpgﬁﬁkgﬂgggﬁﬁg%H$@ﬁ?§§§§gathe CO, UHC and
soot efii ssi ons.a Aapeériver olnl ethidli sdrmimbhichtioh ofitboth Viabodeéaxgdemdior |fogui d f uel
anong different fuel injectors ensures that sufficient conbustor

oper abi | i t y2pYiziRg ftlgasha @ortiantoh dhegliauad Brebfoaprpdecesrporzsdeiel of this i nvention
has been disclosed, a worker of ordinary skill in this art would recognize
that certain nodifications would 30 come within the scope of this

i nvention. 2For tIhatsyseasas redifed ihoClaow Ngwitdréinnthe v@botited ineludésudiltedt t o
determ ne the true scope and content of this invention. 8 CLAING 1. A fuel

syst em conSKFhangef: haying @ o ipafdfaistses et fioghp e gonsegdenhe hgwd fueli qui d
fuel; d L i [RUTe i ! A eoxygenat or
for vggorggﬁﬁ%agﬁ%kég F{Ea%gﬁkﬁ%n o% ?Egﬁﬁ%g@fﬁ%#hgﬁﬂﬁgagﬁggﬂbe vapori zed
fuel. 2. The systemas recited in Caiml, wherein the vaporizer includes a

heat exchanger having a condyi.t that_transfers heat froma heat source to
the 1iqui 4 vel The systPRas ceiadiin B fhgvhereip Mesqonguip iy 2(tHbE "% medded

in a por OU%PlﬁEe%exfi}?ﬁ:gié a%% thé grcﬁﬁ%e@@féémrs@ﬁ!)&rﬁig tﬁ@oﬁﬂeﬁi@gcr wherein the

conduit inc es a avi an outer periphery an pgfous nmetal foam
surrounds the outer periphery. 15 4. The systemas recited in Claim1,

wherein_t he vapqrizer includes a plurali . 0f tube. portiops that transfer
neat fA5m & hoat NeSUMER BCeirs ihiClat 1 whfreime pEREi4hageIides a plarality

of tube portions that transfer heat from a heat source to the liquid fuel and fins that

separate the tube portions from each other.

5. The system as recited in Claim 1, comprising a combustor in fluid

20 communication with the vaporizer for combusting at least the vaporized fuel.

6. The system as recited in Claim 5, comprising at least one mixer in fluid
communication between the vaporizer and the combustor for mixing at least a
portion of the vaporized fuel with an oxidizer.

25
7. The system as recited in Claim 6, comprising a compressor in fluid

communication between the vaporizer and the combustor.

8. The system as recited in Claim 1, comprising a pump in fluid communication

30 between the fuel deoxygenator and the vaporizer.



separate the tube portions fromeach other. 5. The systemas recited in
Claiml1, conprising a conbustor in fluid 20 comrunication with the
vapori zer for combusting at |east the vaporized fuel. 6. The system as
recited in daim5, conprising at least one mixer in fluid commnication

b h d h f
he vapori Sed | be SPER Seofrbif it 3 hleiTIt 08 Bpo@loloelBisd Ol m o,

conpri si Ng pardi@ MYnES ey filtér tﬁ:!utltbl(ﬂovésmmeﬂ@ ng fesh Weelgdid euerapor i zer and
t he conbustor. 8. The systemas recited in aiml, conprising a punp in

fluid conmuni cation 30 between the fuel deoxygenat or and the vaporizer. 9

9. The sysygm asg hC%?’htFﬁl%SI I]gﬁlg(lailnr@:ll'llm Vlh glf gf‘e Elu(?éoxggé}m/&qgﬂh%s 4 ncl udes

a porous nenbrane ter t renoves SSO qui d
fuel . 16. Tind adyisive florgmssieatigedking ihtai lnquid fu@hezhem thetlhfmd firel 1sdﬁaoe§agenat or
includes a 5 fuel additive for passivating coking in the liquid fuel when
the liquid fuel is heated. 11. A fuel systemconprising: a fuel

deoxygenat qn for i froma liquid fuel to produce deoxygenated
liquid fuef11 10Aﬁ{% 3;@8@?49&?% uid comuni cation with the fuel

deoxygenat or fora fuehpeot gengontforl emsdvig pRYganofroni atlivmididoxly@e paidace | i qui d
fuel to produce an ‘?m)unt of vaporized fuel; a mxer in fluid comrunication
with the vaporiesaated Bauigifyelng t ne am)unt of vapori zed fuel with an anount

of oxigpzer; ang JvQPéhz%P”fnr Cﬁdl@rcdrﬁ?‘l e zer Oﬂﬁe“‘fﬁé1 Ei&ﬁwgéﬁ’é%ﬂ zgf and the

m xer for controlling the anount ased upon t amount of
vapori zed fvapdrizid@at 1d4se a ppetioamfalse deaxiygaditadiiqidafue] hlprodinerani amdume of
controller sel ectl vely changes a heating tenperature within the vaporizer
based upon VAPYEEA L e(j amount of 20 vaporized fuel. 13. The systemas recited

in Gaimll, whergiR: i guid Whndi&hioh Svitlthe vaporizer for mixing the amount of
vaporized fuel with an amount of oxidizer; and
15 a controller in communication with the vaporizer and the mixer for

controlling the amount of oxidizer based upon the amount of vaporized fuel.

12.  The system as recited in Claim 11, wherein the controller selectively changes
a heating temperature within the vaporizer based upon a desired amount of

20  vaporized fuel.

13. The system as recited in Claim 11, wherein the controller is in

communication with the fuel deoxygenator.

25 14 The system as recited in Claim 13, wherein the controller selectively changes
a heating temperature within the vaporizer based upon a signal from the fuel

deoxygenator that indicates an oxygen level of the liquid fuel.
15.  The system as recited in Claim 11, including a combustor for receiving

30 mixed vaporized fuel and oxidizer from the mixer or mixers and liquid fuel from

liquid fuel injectors and combusting the mixed vaporized fuel and liquid fuel.

10



comuni cation with the fuel deoxygenator. 25 14. The systemas recited in
Claim 13, wherein the controller selectively changes a heating tenperature
wi thin the vaporizer based upon a signal fromthe fuel deoxygenator that

i ndi cates an oxygen level of the liquid fuel. 15. The systemas recited in
Aaim 11, Rl udl g FORIEARe ' HishF B i dnadftaMeX SnlARBRT ABMufiue! and
oxi di zer from the N Xer or mxers and iqurd PUe rom Tiquld fue

i nj ectors aospasiapusti ng the m xed vaporized fuel and liquid fuel. 10 16. A
met hod of reduci ng em ssion of an undesirabl e conbustion product,
conprising: (a) @a3BPiZnagt stst pdesionpidiquidebio profducsuiagorizas fugly produce
vapori zed fuel; 03 X Of | Wt i dize oduice a

m xture of 5 vgé};ﬁlg}e P%eﬁggor%@gx{ugriﬂﬁ Lb?%: l”‘A’trr %n?géocﬁ}tclgn% t éﬁrﬁl gi'éjure of
vapori ze&d fvapdrizadduedaendogigizer;nt 0 a conbustor; and (d) conbusting the

m xture of vaporized fuel apd oxidizer. 10 17. The nethaod as recited in
Claim 16, wherei® frﬁ%swgw&tﬁi %&ufwfs%W%%gfuMgr%%%fIBW@ $HEPYSHKi ng i n
step (b). 184 The nmethod as recited in Claim16, including the step of
removi ng di ssol ved oxygen fromthe liquid fuel before said step (a). 15 19.
The met hod as r éd) doatbustinglhainmix e of vapotidédiyel drel stidiperof addi ng a chemi cal
additive to the liquid fuel before said step (a) to resist coking in the
liquid fuel during said step (a). 20 20. The nmethod as recited in Caim 16,
wher ei gosailg. St ARelRkE BRI ARALRT0 [ Pereihi Bl shofile iRRRYAPAREY 21 The

method as recited in Caim16, including the step of conpressing the

vapori zed bekelre theomxengfinisep (pr.essure to a second pressure that is greater
than the first 25 pressure after said step (a) and before said step (c).
22. The nethod as recited in Caim16, including the step of pressurizing

the 18.  The method as recited in Claim 16, including the step of removing dissolved
oxygen from the liquid fuel before said step (a).
15
19.  The method as recited in Claim 16, including the step of adding a chemical
additive to the liquid fuel before said step (a) to resist coking in the liquid fuel

during said step (a).

20  20. The method as recited in Claim 16, wherein said step (a) includes heating the
liquid fuel above 325°F.

21.  The method as recited in Claim 16, including the step of compressing the
vaporized fuel from a first pressure to a second pressure that is greater than the first

25  pressure after said step (a) and before said step (c).

22.  The method as recited in Claim 16, including the step of pressurizing the
liquid fuel from a first pressure to a second pressure that is greater than the first
pressure before said step (a).

30

11



liquid fuel froma first pressure to a second pressure that is greater than
the first pressure before said step (a). 30 11 23. The nethod as recited in
Claim 16, including the step of conbusting the mxture of vaporized fuel

and oxidizer at a tenperature that is less than a conbusting tenperature of

the liquidi,fuel ;,n t anme oxi di zer . 4. The t hod recited in Caim
2a. 1 nl udiy. « ABeePSBed AT Tamlieh TGl e thandhte B5G,A20 o IR FE ang

oxi di zer aimiRuke@raFevagorized REMVRAN J480E and d38¥rature? that TRRe Bt as 2S
recited in Caiml16, |nclud|§g controlling a ratio of vaporized fuel and

oxi di zer i fombspRgdemperapie piche liquidduelfin the semserxidizete and a pressure of the
10 conbustor. 26. The nethod as recited in daim16, including controlling
at | east one of an anount of liquid fuel that is vaporized in step (a) or a
rati o bgtween tMaeuaghod zedecifedein @antag ittidlhg elie kiep dfeqoniikstihg theesponse
to a combustor flame bl ow out event. 15 27. The method as recited in C aim
16, i ncl udiMigtueoeh vapprizasiuat andeaxadizeymé a ssmpaiaturahetvecnof400 g endi39Q9EF. t hat i s
vaporized in step (a) or a ratio between the vaporized fuel and the
oxidizer in step (b) in response to a conbustor pressure oscillations. 20
28. The nmetbBod JFhemethddesh retitdd iaiTikd 16, inclhdidi oentssling Yirig &f ¥dposiked ati o of
vapori zed fuel and oxidizer to a first fuel injector and supplying a second
ratio of VegdenflAxilizeidn respanxiodt 2east prapf o senpperatareestd 2 RESSWROT e st rati o
to a sqﬁongoﬂﬂﬁtorinjector. 25 29. The nmethod as recited in C aim16,
including supplying a first flowrate of liquid fuel to a first fuel

i njector and supplying a second flowrate of liquid fuel that 1is different
t han t he fE%st flowrate to a secand fuel injector. 12

The method as recited in Claim 16, including controlling at least one of an
amount of liquid fuel that is vaporized in step (a) or a ratio between the vaporized
fuel and the oxidizer in step (b) in response to a combustor flame blow out event.

15
27.  The method as recited in Claim 16, including controlling at least one of an

amount of liquid fuel that is vaporized in step (a) or a ratio between the vaporized

fuel and the oxidizer in step (b) in response to a combustor pressure oscillations.

20 28.  The method as recited in Claim 16, including supplying a first ratio of
vaporized fuel and oxidizer to a first fuel injector and supplying a second ratio of
vaporized fuel and oxidizer that is different than the first ratio to a second fuel

injector.
25 29.  The method as recited in Claim 16, including supplying a first flow rate of

liquid fuel to a first fuel injector and supplying a second flow rate of liquid fuel that

is different than the first flow rate to a second fuel injector.

12





