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(57) ABSTRACT 

The present invention relates to a combustion chamber of a 
gas turbine Working on liquid fuel, comprising a tubular 
enclosure (2) having at least one pressurized air inlet, a 
liquid fuel injection means (6) positioned on or in proximity 
to the longitudinal axis XX‘ of the tubular enclosure, an 
outlet to the turbine. 

According to the invention 

said fuel injection means (6) comprises a series of 
ori?ces (62) arranged so as to create separate fuel 
jets, said jets being arranged in the direction of the 
generatrices of a cone With an angle ranging betWeen 
30° and 60° at the vertex thereof, 

said chamber comprises at least tWo types of pressur 
iZed air inlets placed close to each other, the ?rst one 
(7) taking in the air helically around the longitudinal 
axis of the combustion chamber, the second air inlet 
(8) being tangential to enclosure (2) so as to create, 
around the fuel jets, counterrotating ?oWs intended 
to improve mixing of the air and of said fuel. 

The assembly preferably Works at a pressure ranging 
betWeen 2 and 30 bars and With a fuel/air ratio ranging 
betWeen 0.4 and 0.8. 
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COMBUSTION CHAMBER OFA GAS TURBINE 
WORKING ON LIQUID FUEL 

FIELD OF THE INVENTION 

[0001] The present invention relates to the ?eld of com 
bustion chambers of gas turbines Working on liquid fuel. 

[0002] Such gas turbines can be illustrated by the system 
shoWn in FIG. 3. This assembly comprises a compressor 
(20) Whose outlet is connected to the inlet of combustion 
chamber (1) Where a liquid fuel (fuel oil or kerosine) is 
injected. The gases burnt in this chamber are then expanded 
in a trubine (30) Which thus supplies the desired poWer to the 
main shaft driving compressor (20). 

BACKGROUND OF THE INVENTION 

[0003] It is Well-known that combustion in this type of gas 
turbines leads to the formation of nitrogen oxides of various 
origins: 

[0004] <<prompt>> NO results from complex fast reac 
tions betWeen the fuel and the nitrogen of the air. It forms in 
a very short space of time generally mush less than one 
millisecond. 

[0005] <<fuel>> NO is produced by reactions betWeen the 
nitrogen contained in the fuel in N form and the oxygen of 
the air. This type of nitrogen oxide is mainly formed in a lean 
medium When the air is in excess in relation to the fuel. 

[0006] thermal nitrogen oxide is produced at high tem 
perature from the nitrogen of the air N2. Nitrogen oxide is 
commonly produced at temperatures above 1500° C., in 
vieW of the residence times in the combustion chamber, 
Which is then of the order of a feW ten milliseconds. The rate 
of the reactions leading to thermal nitrogen increases expo 
nentially as a function of the temperature. 

[0007] It is the last-mentioned type of nitrogen that poses 
problems, as explained hereafter. 

[0008] In the combustion chambers of gas turbines, com 
bustion at the level of the ?ame is generally achieved around 
stoichiometry as this provides good ?ame stability. HoW 
ever, the global fuel/air ratio imposed by the conditions of 
the thermodynamic cycle of the machine is very loW, of the 
order of 0.15 to 0.3, according to the operating conditions. 
Local operation under rich conditions or around stoichiom 
etry, With air preheated by the compressor, locally leads to 
very high temperatures in the chamber (of the order of 2000 
to 2500 Measurements shoW that, under such conditions, 
most of the nitrogen oxide formed is <<thermal NO>>. 

[0009] Several solutions are knoWn to decrease nitrogen 
oxides emissions. They can globally be divided into tWo 
main types: 

[0010] Wet processes based on injection of steam or 
Water in the combustion chamber, 

[0011] dry processes based on an improvement of the 
combustion conditions. 

[0012] Wet processes give rather satisfactory results from 
the technical point of vieW, but they are often more complex 
and more dif?cult to implement than dry processes. 
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[0013] Furthermore, they are more expensive than dry 
processes because of the steam that is necessarily injected 
either in the liquid or in the gas phase. 

[0014] Dry processes are generally aimed at achieving 
combustion of a previously obtained lean premix of air and 
fuel. Patent application EP-A2-0,769,657 illustrates a sys 
tem of this type. Combustion stability and ignition of the 
main premix are provided by a loW-poWer pilot ?ame Whose 
purpose is also to ensure operation of the machine at idle 
speed. The mixture strength in the chamber being deter 
mined by the respective proportions of premixed air and 
fuel, it is possible to limit the ?ame temperatures and 
therefore the thermal nitrogen oxide. 

[0015] This technology can be implemented quite easily 
With a gaseous fuel. In case of a liquid fuel, the problem is 
more complex since it requires vaporiZation prior to mixing 
it With air. Evaporation can be achieved by evaporating a 
liquid ?lm on a hot Wall or by injecting the fuel in spray form 
in a pipe Where it mixes With the air: this is the case of the 
aforementioned European document. 

[0016] Current combustion technologies using premixing 
give no satisfactory results With liquid fuel. Furthermore, 
this technique requires a pilot burner alloWing to ensure 
?ame stability, notably under lean conditions. This burner 
ensuring operation of the machine during idling phases, a 
?oW of fuel that can reach almost a third of the total ?oW 
passes therethrough. For certain applications, it Works under 
operating conditions close to stoichiometry, therefore under 
unfavourable operating conditions from the vieWpoint of 
nitrogen oxides production. 

[0017] The present invention alloWs to solve notably all 
the above-mentioned problems. It is an alternative solution 
to combustion chambers using premixing or to Wet pro 
cesses as mentioned above. 

[0018] The present invention is aimed at achieving a 
diffusion ?ame by combining certain air and liquid fuel 
injection conditions. 

[0019] There are already diffusion ?ames in other techni 
cal ?elds than that of the combustion chambers of gas 
turbines. Boiler burners such as those described for example 
in patent FR-2,656,676 alloW to create diffusion ?ames. 
Similarly, patent U.S. Pat. No. 5,562,437 discloses this type 
of structure ?tted to a boiler burner hoWever. 

[0020] Nevertheless, in this type of combustion, the oper 
ating conditions are fundamentally different. 

[0021] The mixtures are much richer in burners than 
in turbines. Burners operate around stoichiometry or 
With a slight excess of air, Whereas the global mix 
ture strength in turbine chambers usually ranges 
betWeen 0.15 and 0.35, 

[0022] Combustion is performed under pressure (that 
of the compressor outlet), Whereas burners Work at 
atmospheric pressure, 

[0023] Besides, the heat densities are considerably 
higher in the combustion chambers of turbines, com 
monly several ten times as high. 

[0024] There are also Well-known elementary ?ame tech 
niques in the ?eld of oilWell testing burners. Here again, the 
operating conditions are very different, notably the pressure 



US 2002/0050139 A1 

Which is here the atmospheric pressure. French patent appli 
cation FR-2,741,424 describes a burner of this type. 

[0025] These different operating conditions impose con 
straints and therefore speci?c structures suited to these 
particular functions. 

SUMMARY OF THE INVENTION 

[0026] The object of the present invention is a combustion 
chamber of a gas turbine Working on liquid fuel, comprising 
a tubular enclosure having at least one air inlet, a liquid fuel 
injection means positioned on or in proximity to the longi 
tudinal axis of the tubular enclosure, an outlet to the turbine, 
at least tWo types of pressuriZed air inlets placed close to 
each other : the ?rst one taking in the air helically around the 
longitudinal axis of the combustion chamber, the second 
inlet taking in the air tangentially to the enclosure in order 
to create, around the fuel jets, counterrotating ?oWs intended 
to improve mixing of said fuel and air. 

[0027] According to the invention: 

[0028] Said fuel injection means comprises a series 
of ori?ces arranged so as to create separate fuel jets, 
said jets being arranged in the direction of the 
generatrices of a cone With an angle ranging betWeen 
30° and 60° at the vertex thereof, 

[0029] the assembly Working at a pressure ranging 
betWeen 2 and 30 bars and With a fuel/air ratio ranging 
betWeen about 0.4 and about 0.8, and the residence time of 
the ?uids in the enclosure is less than 50 milliseconds. 

[0030] In particular, the ?rst air inlet alloWs to introduce 
30% to 70% of the total amount of pressuriZed air entering 
the combustion chamber, the rest being injected through the 
second pressuriZed air inlets. 

[0031] According to the invention, said injection means 
has 5 to 12 ori?ces intended for injection of the liquid fuel, 
and preferably 6 to 10 ori?ces. 

[0032] Besides, the air inlets and the injection means are 
so positioned that the sWirl ratio N ranges betWeen 0.2 and 
0.4, N being de?ned by 

[0033] Where: 

[0034] R1 and R2 are respectively the inner radius and 
the outer radius of air inlet (7), expressed in meters, 

[0035] p is the density of the air in kg/m3, 

[0036] Vax is the axial velocity of the ?uid at the outlet 
of inlet (7), 

[0037] Vtg is the tangential velocity of the ?uid at the 
outlet of inlet (7), the velocities being expressed in m/s. 

[0038] According to a particular feature of the invention, 
the injection means comprises a central disk positioned on 
the longitudinal axis of the tubular enclosure, around Which 
a ring pierced With said ori?ces is arranged, the surface of 
the ring being a truncated cone. 

[0039] Speci?cally, the tangential inlet comprises a series 
of inserts distributed on the periphery of the enclosure, 
Which leads the air tangentially to the Wall of the enclosure 
in the opposite direction to the direction of rotation of the 
main ?oW. 
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[0040] The air inlets can be so dimensioned that the 
velocity of the air in the combustion chamber ranges 
betWeen 20 and 120 m/s. 

[0041] Besides, the angle at the vertex of the injection 
cone preferably ranges betWeen 35° and 45°. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0042] Other features, details and advantages of the inven 
tion Will be clear from reading the description hereafter, 
given by Way of non limitative example, With reference to 
the accompanying draWings Wherein: 

[0043] FIG. 1 is a simpli?ed longitudinal section of a 
combustion chamber according to the invention, 

[0044] FIG. 2 is a schematic section of a detail of the 
invention according to FIG. 1, and 

[0045] FIG. 3 is a simpli?ed longitudinal section of a 
turbocompressor implementing the invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0046] The combustion chamber according to the inven 
tion, diagrammatically illustrated by FIG. 1, comprises a 
tubular outer housing 1 and an inner enclosure 2 coaxial to 
housing 1. 

[0047] Both casings are closed at one end Where they 
delimit a functional space 3. Furthermore, casings 1 and 2 
de?ne With each other an annular space 4 for circulation of 
the pressuriZed air before it enters the combustion chamber 
proper. 

[0048] The combustion chamber proper, 5, is de?ned by 
the inner volume of enclosure 2. 

[0049] The bottom of chamber 5 includes a fuel injection 
means 6 that preferably comprises a central disk 61 posi 
tioned on or in immediate proximity to the longitudinal axis 
XX‘ of enclosure 2. Furthermore, injection means 6 com 
prises a series of ori?ces 62 situated on a truncated ring. 5 
to 12 jets can advantageously be created, and preferably 6 to 
10. These jets are separate from one another and situated 
along the generatrices of a cone With an angle 0t ranging 
betWeen 30° and 60°, preferably betWeen 35° and 45°, at the 
vertex thereof. 

[0050] Injection means 6 can Work With additional air 
assistance. Droplets With an average diameter less than 50 
micrometers are then obtained. 

[0051] Aseparate-jet ?ame is of interest in many respects. 
This ?ame does not behave like several independent axial 
?ames. First there are thermal type interactions betWeen the 
various jets With a change in the ?oWs betWeen the jets and 
therefore in the local stoichiometric conditions. These con 
ditions depend of course on the angle existing betWeen the 
jets. 
[0052] The smaller this angle is, the more the ?ame is 
close to an axial diffusion ?ame, Whose performances from 
the vieWpoint of Nox emissions are knoWn to be bad since 
the fuel mixes poorly With the air. 

[0053] If the angle increases too much, there is a risk that 
droplets Will be projected along the Walls, Which may result 
in the formation of coke or formation of unburned products 
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and of CO in cases Where the Walls are cooled and the 
temperatures are therefore loW. 

[0054] The number of jets is also important. If it is too 
large, a How blocking effect due to the fuel jets is observed. 
An air-depleted Zone is consequently created behind the jets, 
Which leads to rich combustion conditions, therefore at high 
temperature. If the number of jets is too small, the interac 
tions betWeen jets decrease and one eventually has n inde 
pendent axial ?ames. 

[0055] Furthermore, tWo types of pressuriZed air inlets are 
provided, both positioned near functional space 3. 

[0056] The ?rst type takes in the air helically in enclosure 
2, around the longitudinal axis of the enclosure. This inlet 7 
is here a ring around injection means 6. The air is referred 
to as <<sWirled axial air>>. Inclined blades 71 can be placed 
in the ring in order to impart a tangential momentum to this 
an. 

[0057] The second air inlet type comprises peripheral 
inlets 8 Which alloW to inject the air tangentially to the Wall 
of enclosure 2. Inserts 81 such as those shoWn in FIG. 2 can 
therefore be provided. 

[0058] Inserts 81 lead the air tangentially and in the 
opposite direction to the ?rst type of ?oW. This alloWs to 
increase shearing betWeen the tWo ?oWs and therefore to 
accelerate mixing betWeen the air and the fuel droplets. 

[0059] In order to obtain a stable ?ame under good mix 
ture strength conditions, the How of air at the level of inlet 
7 ranges betWeen 30 and 70% of the air serving for com 
bustion, preferably betWeen 40 and 50%. Of course, the How 
of air passing through tangential inlets 8 is the 100% 
complement. The dilution air is introduced, if necessary, 
doWnstream from combustion Zone 5 through ori?ces pro 
vided in enclosure 2. 

[0060] Concerning the stability of the combustion ?ame, 
injection means 6 advantageously comprises a central disk 
61. It alloWs, in combination With the rotating movement of 
the ?oW, to generate a short internal recirculation in the 
direction shoWn by arroWs A in FIG. 1, near the noZZle of 
injector 6. Zone 10 delimited by this recirculation is rather 
rich in fuel and ensures part of the combustion stability. 
HoWever, as mentioned above, most of the fuel is burnt 
under lean conditions since the global mixture strength in 
combustion chamber 5 ranges betWeen 0.4 and 0.8. It may 
be reminded that a separate ?ame burner operates around 
stoichiometry or With a slight excess of air. 

[0061] Air inlets 7, 8 and injection means 6 are so posi 
tioned that the sWirl ratio N preferably ranges betWeen 0.2 
and 0.4. SWirl ratio N is de?ned by Where: 

[0062] R1 and R2 are respectively the inner radius and 
the outer radius of air inlet (7), expressed in meters, 
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[0063] p is the density of the air in kg/m3, 

[0064] Vax is the axial velocity of the ?uid at the outlet 
of inlet (7), 

[0065] Vtg is the tangential velocity of the ?uid at the 
outlet of inlet (7); the velocities are expressed in m/s. 

[0066] Combustion chamber 5 according to the invention 
being suited to Work With a turbine, the thermodynamic 
cycle thereof imposes operation at a pressure that can range 
from about 2 to about 30 bars. 

[0067] In relation to a burner operating at atmospheric 
pressure, this modi?es the density of the air and therefore the 
ratio of the densities betWeen the air and the fuel, a ratio that 
can be multiplied by ten. The mixing and evaporation 
conditions are therefore notably different. 

[0068] Furthermore, the residence times in combustion 
chamber 5 according to the invention are commonly less 
than 50 milliseconds, Which leads to heat densities ranging 
betWeen 50 and 200 MW/m3. 

[0069] By Way of comparison, heat densities in the ?eld of 
boiler burners are rather less than 1 MW/m3, With residence 
times of the order of one second. 

[0070] The particular operating conditions of the present 
invention lead to air velocities ranging betWeen 20 and 120 
m/s, given the dimensions of the ?rst and of the second air 
inlet. 

[0071] In order to better illustrate a preferred application 
of the invention, FIG. 3 shoWs in longitudinal section a 
turbocompressor that can implement the invention; this 
?gure is commented on at the beginning of the description. 

1. A combustion chamber of a gas turbine Working on 
liquid fuel, comprising a tubular enclosure (2) having at least 
one air inlet, a liquid fuel injection means (6) positioned on 
or in proximity to the longitudinal axis XX‘ of the tubular 
enclosure, an outlet to the turbine, at least tWo types of 
pressuriZed air inlets situated close to each other, the ?rst 
inlet (7) taking in the air helically around the longitudinal 
axis of the combustion chamber, the second inlet (8) taking 
in the air tangentially to enclosure (2) so as to create, around 
the fuel jets, counterrotating ?oWs intended to improve 
mixing of the air and of said fuel, characteriZed in that said 
fuel injection means (6) comprises a series of ori?ces 
arranged so as to create separate fuel jets, said jets being 
positioned along the generatrices of a cone With an angle 
ranging betWeen 30° and 60° at the vertex thereof, in that the 
assembly operates at a pressure ranging betWeen 2 and 30 
bars and With a fuel/air ratio ranging betWeen about 0.4 and 
0.8, and in that the residence time of the ?uids in enclosure 
(2) is less than 50 milliseconds. 

2. A combustion chamber as claimed in claim 1, charac 
teriZed in that ?rst air inlet (7) alloWs to introduce 30% to 
70% of the total amount of pressuriZed air used for com 
bustion, the rest being injected through second pressuriZed 
air inlets 

3. Acombustion chamber as claimed in any one of claims 
1 or 2, characteriZed in that said injection means (6) has 5 
to 12 ori?ces (62) intended for injection of the liquid fuel, 
and preferably 6 to 10 ori?ces. 
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4. A combustion chamber as claimed in any one of the 
previous claims, characterized in that air inlets (7, 8) and 
injection means (6) are so positioned that sWirl ratio N 
ranges betWeen 0.2 and 0.4, N being de?ned by: Where: 

R1 and R2 are respectively the inner radius and the outer 
radius of air inlet (7), expressed in meters, 

p is the density of the air in kg/m3, 

VaX is the aXial velocity of the ?uid at the outlet of inlet 

(7), 
Vtg is the tangential velocity of the ?uid at the outlet of 

inlet (7), the velocities being expressed in m/s. 
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5. A combustion chamber as claimed in claim 3, charac 
teriZed in that injection means (6) comprises a central disk 
(61) positioned on the longitudinal aXis XX‘ of the tubular 
enclosure, around Which a ring pierced With said ori?ces 
(62) is arranged, the surface of the ring being a truncated 
cone. 

6. A combustion chamber as claimed in any one of the 
previous claims, characteriZed in that tangential inlet (8) 
comprises a series of inserts distributed on the periphery of 
enclosure (2), Which lead the air tangentially to the Wall of 
enclosure (2), in the opposite direction of rotation to the 
direction of the main 110W. 

7. A combustion chamber as claimed in any one of the 
previous claims, characteriZed in that the air inlets are so 
dimensioned that the velocity of the air in the combustion 
chamber ranges betWeen 20 and 120 m/s. 

8. A combustion chamber as claimed in claim 1, charac 
teriZed in that the angle at the verteX of the injection cone 
preferably ranges betWeen 35° and 45°. 

* * * * * 


