
US 20030037549A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0037549 A1 
(19) United States 

Mandai et al. (43) Pub. Date: Feb. 27, 2003 

(54) GAS TURBINE COMBUSTOR 

(75) Inventors: Shigemi Mandai, Takasago-shi (JP); 
Keijirou Saitoh, Takasago-shi (JP); 
Katsunori Tanaka, Takasago-shi (JP); 
Wataru Akizuki, Takasago-shi (JP) 

Correspondence Address: 
OBLON SPIVAK MCCLELLAND MAIER & 
NEUSTADT PC 
FOURTH FLOOR 
1755 JEFFERSON DAVIS HIGHWAY 
ARLINGTON, VA 22202 (US) 

(73) Assignee: MITSUBISHI HEAVY INDUSTRIES, 
LTD., Tokyo (JP) 

(21) Appl. No.: 10/198,368 

(22) Filed: Jul. 19, 2002 

(30) Foreign Application Priority Data 

Aug. 24, 2001 (JP) .................................... .. 2001-254360 

Publication Classi?cation 

(51) Int. Cl.7 ...................................................... .. F23R 3/34 

l0 

(52) Us. 01. ............................................... .. 60/746; 60/748 

(57) ABSTRACT 

A gas turbine combustor is improved to enhance a cooling 
effect and a ?ame holding ability to thereby reduce NOX 
generation. A combustor 13 comprises a double structure of 
an inner cylindrical member 13a and an enlarged outer 

cylindrical member 13b to thereby enlarge a diameter of a 
combustion Zone. A pre-miXing noZZle 11 comprises an 
outer sleeve 23 of Which front end is projected beyond a base 
plate 17 and a pre-miXing noZZle portion 21 of the inner side. 
Air ?oWs betWeen the outer sleeve 23 and the pre-miXing 
noZZle portion 21 for enhancing the cooling effect of the 
pre-miXing noZZle 11. High temperature gas inner and outer 
circulating ?oWs 15, 16 are formed in the combustion Zone 
to enhance the ?ame holding ability. Pilot fuel quantity, as 
so far necessitated for ?ame holding, is reduced and NOX 
quantity generated of the pilot fuel is reduced. The base plate 
17 exposed to the high temperature gas is prevented from 
being overheated by the projected front portion of the 
pre-miXing noZZle 11. 
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GAS TURBINE COMBUSTOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a gas turbine 
combustor that realizes a loW NOX combustion. 

[0003] 2. Description of the Prior Art 

[0004] FIGS. 4(a) and (b) schematically shoW a prior art 
gas turbine combustor, Wherein FIG. 4(a) is a longitudinal 
cross sectional vieW shoWing an interior of the combustor 
and FIG. 4(b) is a front vieW of a half portion of the 
combustor. In FIGS. 4(a) and (b), main fuel 40 ?oWs into 
eight pre-miXing noZZles 31, that are arranged Within a 
combustor body 36 around a central aXis thereof, and is 
pre-miXed With air, as Will be described neXt, to form a main 
pre-miXture to be supplied into a combustion Zone of a 
combustor 33. The air is supplied from a compressor (not 
shoWn) to be fed into the combustor 33 ?oWing through an 
inner peripheral space portion of the combustor body 36, as 
shoWn by arroWs 50 in FIG. 4(a). On the other hand, pilot 
fuel 41 ?oWs into a pilot noZZle 32, that is arranged on the 
central aXis of the combustor body 36, to be jetted into the 
combustor 33. Thus, the pilot fuel 41 burns With the main 
pre-miXture there to effect a combustion. A ?ame holding 
cone 34 is provided on the pilot noZZle 32 and ?ame of the 
pilot fuel 41 is maintained by a high temperature gas 
circulating ?oW 35, that is formed by the ?ame holding cone 
34. Such a combustor having the pre-miXing noZZles and 
being constructed as described above is generally knoWn as 
a loW NOX combustor. 

[0005] In the above described pre-miXed ?ame type loW 
NOX combustor in the prior art, the ?ame of the pilot noZZle 
32 is maintained by a diffused ?ame, that is, the high 
temperature gas circulating ?oW 35, formed by the ?ame 
holding cone 34 and NOX quantity generated by the pre 
miXing noZZles 31 is reduced. HoWever, NOX quantity 
generated by the diffused ?ame of the pilot noZZle 32 cannot 
be suppressed and realiZation of a loW NOX generation as a 
Whole is limited by that eXtent. 

SUMMARY OF THE INVENTION 

[0006] It is, therefore, an object of the present invention to 
provide a gas turbine combustor that is constructed so as to 
improve a ?ame holding ability by the high temperature gas 
circulating ?oW as Well as to improve cooling of the pre 
miXing noZZles to thereby reduce pilot fuel quantity as Well 
as to reduce NOX quantity generated of the pilot fuel. 

[0007] In order to achieve the mentioned object, the 
present invention provides means of the folloWing (1) to (4): 

[0008] (1) A gas turbine combustor comprising a 
pilot noZZle arranged on a central aXis of the com 
bustor and a plurality of pre-miXing noZZles arranged 
around the pilot noZZle, characteriZed in that a diam 
eter of a combustion Zone of the combustor is set 
such that, Where an area is taken on a radial direc 
tional plane of the combustor, the area inside of the 
combustion Zone and outside of a pitch circle that is 
de?ned as a circle on Which all central aXes of the 
plurality of pre-miXing noZZles are arranged, less the 
area taken by the plurality of pre-miXing noZZles 
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outside of the pitch circle, is a half or more of the 
area of all of-the plurality of pre-miXing noZZles. 

[0009] (2) A gas turbine combustor as mentioned in 
the means (1) above, characteriZed in that each of the 
plurality of pre-miXing noZZles has its front end 
projected beyond a base plate that supports the 
pre-miXing noZZle and a projecting distance of such 
projected front end is set to one third or more of an 
outer diameter of the pre-miXing noZZle. 

[0010] (3) A gas turbine combustor as mentioned in 
the means (1) above, characteriZed in that each of the 
plurality of pre-miXing noZZles has its front portion 
made in a double structure having inner and outer 
members With a predetermined gap being maintained 
betWeen the inner and outer members and air is 
?oWable in the gap. 

[0011] (4) A gas turbine combustor as mentioned in 
the means (1) above, characteriZed in that a com 
bustor body as an outer casing of the combustor 
comprises therein an inner cylindrical member and 
an outer cylindrical member, the inner cylindrical 
member is arranged surrounding the plurality of 
pre-miXing noZZles and the outer cylindrical member 
has its inner diameter made larger than an outer 
diameter of the inner cylindrical member and is 
arranged surrounding a front end portion of the inner 
cylindrical member and extending doWnstream of 
the inner cylindrical member so as to cover the 
combustion Zone to thereby enable to enlarge the 
diameter of the combustion Zone beyond an inner 
diameter of the inner cylindrical member. 

[0012] In the means (1) of the present invention, the 
diameter of the combustion Zone in Which a high tempera 
ture combustion gas is generated is set such that the cross 
sectional area inside of the combustion Zone and outside of 
the pitch circle, less the cross sectional area of the pre 
miXing noZZles outside of the pitch circle, is a half or more 
of the cross sectional area of all the pre-miXing noZZles. By 
this structure, the outer peripheral space portion of the 
combustion Zone is enlarged and a gas stagnation area is 
formed in this space portion, that is, in the outer peripheral 
space portion in front of the pre-miXing noZZles. An outer 
circulating ?oW of the high temperature gas generated by 
combustion of the pre-miXture coming from the pre-miXing 
noZZles is formed in this gas stagnation area. Also, an inner 
circulating ?oW of a high temperature gas generated of the 
pilot fuel is formed in the central space portion of the 
combustion Zone in front of the pilot noZZle by a ?ame 
holding cone. Thus, by the inner and outer circulating ?oWs 
of the high temperature gas, the ?ame holding ability of the 
combustor can be greatly enhanced. Thereby, the pilot fuel 
quantity, as so far necessitated for the ?ame holding, can be 
reduced, the NOX quantity generated by combustion of the 
pilot fuel can be reduced and a very loW NOX generation can 
be realiZed as a Whole. 

[0013] In the means (2) of the present invention, each of 
the pre-miXing noZZles has its front end projected beyond 
the base plate so that the base plate may not be directly 
eXposed to the high temperature gas circulating ?oWs. 
Thereby, the base plate is prevented from being overheated 
and the effect of the means (1) of the present invention can 
be realiZed more securely. 
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[0014] In the means (3) of the present invention, each of 
the pre-miXing nozzles has its front portion made in the 
double structure having the predetermined gap therein and 
air is ?oWable in the gap for cooling the pre-miXing nozzle. 
Thus, the pre-miXing nozzle is prevented from being over 
heated and the effect of the means (1) of the present 
invention is further ensured. 

[0015] In the means (4) of the present invention, the 
combustor body as the outer casing of the combustor com 
prises therein the inner cylindrical member and the outer 
cylindrical member. The outer cylindrical member has its 
inner diameter made larger than the outer diameter of the 
inner cylindrical member. Thus, the diameter of the com 
bustion zone is enlarged outWardly so that the gas stagnation 
area is easily formed in the outer peripheral space portion of 
the combustion zone in front of the pre-miXing nozzles. The 
outer circulating ?oW of the high temperature combustion 
gas generated by combustion of the pre-miXture coming 
from the pre-miXing nozzles is formed in the gas stagnation 
area and the ?ame holding ability is enhanced. Hence, the 
effect to realize the loW NOX generation by the means (1) of 
the present invention can be further ensured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIGS. 1(a) and (b) schematically shoW a gas tur 
bine combustor of an embodiment according to the present 
invention, Wherein FIG. 1(a) is a longitudinal cross sec 
tional vieW shoWing an interior of the combustor and FIG. 
1(b) is a front vieW of a half portion of the combustor. 

[0017] FIG. 2 is an enlarged longitudinal cross sectional 
vieW of one of pre-miXing nozzles. 

[0018] FIG. 3 is the same vieW as FIG. 1(a) in Which a 
hatched portion is added. 

[0019] FIGS. 4(a) and (b) schematically shoW a prior art 
gas turbine combustor, Wherein FIG. 4(a) is a longitudinal 
cross sectional vieW shoWing an interior of the combustor 
and FIG. 4(b) is a front vieW of a half portion of the 
combustor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0020] HerebeloW, an embodiment according to the 
present invention Will be described With reference to the 
appended draWings. 

[0021] FIGS. 1(a) and (b) schematically shoW a gas tur 
bine combustor of the embodiment, Wherein FIG. 1(a) is a 
longitudinal cross sectional vieW shoWing an interior of the 
combustor and FIG. 1(b) is a front vieW of a half portion of 
the combustor. In FIGS. 1(a) and (b), numeral 10 designates 
a combustor body as an outer casing of the combustor and 
eight pre-miXing nozzles 11 are provided therein being 
connected to each other around a central aXis of the com 
bustor body 10. The pre-miXing nozzles 11 are constructed 
so as to have their front ends projected beyond a base plate 
17, that Will be described later. Numeral 12 designates a pilot 
nozzle, that is arranged on the central aXis of the combustor 
body 10. Numeral 13 designates a combustor, that includes 
the combustor body 10 and other components arranged 
therein. The combustor body 10 comprises therein an inner 
cylindrical member 13a and an outer cylindrical member 
13b. The outer cylindrical member 13b has its inner diam 
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eter made larger than an outer diameter of the inner cylin 
drical member 13a as Well as larger than an outer diameter 
of a cylindrical member of the prior art combustor. The outer 
cylindrical member 13b is arranged surrounding a front end 
portion of the inner cylindrical member 13a and extending 
doWnstream of the inner cylindrical member 13a so as to 
cover a combustion zone of the combustor 13. Numeral 14 

designates a ?ame holding cone, that has its front end 
portion eliminated to be made shorter than the prior art ?ame 
holding cone. Numeral 17 designates the base plate, that is 
a member supporting the eight pre-miXing nozzles 11 to an 
inner circumferential Wall surface of the inner cylindrical 
member 13a. 

[0022] FIG. 2 is an enlarged longitudinal cross sectional 
vieW of one of the pre-miXing nozzles 11. The pre-miXing 
nozzle 11 has its front portion made in a double structure 
having a pre-miXing nozzle portion 21 of the inner side and 
an outer sleeve 23 of the outer side. While illustration is 
omitted, the outer sleeve 23 is supported to the pre-miXing 
nozzle portion 21 via a plurality of rib members. While the 
pre-miXing nozzle in the prior art has its front end cut at the 
position of its base plate Without projecting further, the 
pre-miXing nozzle 11 of the present invention has its front 
end projected beyond the base plate 17. That is, a front end 
of the outer sleeve 23 projects frontWard beyond the position 
of the base plate 17. Numeral 14 designates a ?ame holding 
cone, that has its front end portion cut by the projection of 
the outer sleeve 23 to be made shorter. Numeral 22 desig 
nates a sWirler vane, construction of Which is the same as 
that of the prior art one. 

[0023] In the combustor described above With reference to 
FIGS. 1 and 2, main fuel 40 ?oWs into the eight pre-miXing 
nozzles 11 and is pre-miXed With air to form a pre-miXture 
for combustion in the combustion zone of the combustor 13. 
The air is supplied from a compressor (not shoWn) to be fed 
into the combustor 13 ?oWing through an inner peripheral 
space portion of the combustor body 10, as shoWn by arroWs 
50 in FIG. 1(a), and further ?oWing through the pre-miXing 
nozzle portion 21 as Well as through an outer peripheral 
space portion of the pre-miXing nozzle portion 21, as shoWn 
by arroWs 51 in FIG. 2. On the other hand, pilot fuel 41 is 
supplied into the combustor 13 through the pilot nozzle 12 
of the-combustor central position and burns there together 
With the pre-miXture. 

[0024] In a front central space portion of the ?ame holding 
cone 14 of the pilot nozzle 12, a high temperature gas inner 
circulating ?oW 15 is generated by the pilot fuel. Also, in an 
inner peripheral space portion of the outer cylindrical mem 
ber 13b in front of the pre-miXing nozzle 11, a high 
temperature gas outer circulating ?oW 16 is generated by the 
pre-miXture coming from the pre-miXing nozzle 11. Thus, by 
these tWo circulating ?oWs 15, 16, the ?ame holding is 
securely effected. A gas stagnation area is formed in the 
inner peripheral space portion of the outer cylindrical mem 
ber 13b in front of the pre-miXing nozzle 11 by the con 
struction of the combustor 13 comprising the inner cylin 
drical member 13a and the outer cylindrical member 13b 
and having the inner diameter of the outer cylindrical 
member 13b made larger. Thus, the high temperature gas 
outer circulating ?oW 16 is formed in this gas stagnation area 
as a circulating ?oW of a high temperature combustion gas 
generated by combustion of the main pre-miXture. 
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[0025] As the ?ame holding effected by the high tempera 
ture gas inner circulating ?oW 15 generated by the ?ame 
holding cone 14 is added, the ?ame holding ability is greatly 
enhanced by the construction of the high temperature gas 
inner and outer circulating ?oWs 15, 16. Thus, the pilot fuel 
quantity, as so far necessitated for the ?ame holding, can be 
reduced and thereby the NOX quantity generated of the pilot 
fuel can be reduced and a very loW NOX combustion can be 
realiZed. 

[0026] As described With reference to FIG. 2, the pre 
miXing noZZle 11 comprises the sWirler vane 22, the pre 
miXing noZZle portion 21 and the outer sleeve 23. The outer 
sleeve 23 is arranged With a predetermined gap being 
maintained from the pre-miXing noZZle portion 21 of the 
inner side thereof and the air, as shoWn by the arroWs 51, 
?oWs into the gap, so that the pre-miXing noZZle portion 21 
and the outer sleeve 23 that are heated by the high tempera 
ture gas can be suf?ciently cooled. 

[0027] Moreover, the front end of the pre-miXing noZZle 
11, that is formed by the front end of the outer sleeve 23, 
projects beyond the base plate 17. By this projecting portion, 
the base plate 17, that is directly eXposed to the high 
temperature gas outer circulating ?oW 16, is prevented from 
being overheated. In FIG. 2, Where L is a projecting distance 
of the projecting portion, that is, a distance betWeen a front 
side surface of the base plate 17 and the front end of the 
pre-miXing noZZle 11, and D is an outer diameter of the 
pre-miXing noZZle 11, that is, an outer diameter of the outer 
sleeve 23, if L is set to D/3 or more (LED/3), then the effect 
to prevent the overheat of the base plate 17 can be enhanced. 

[0028] FIG. 3 is the same vieW as FIG. 1(b) in Which a 
hatched portion is added. In FIG. 3, letter P is de?ned as a 
pitch circle that is a circle on Which central aXes of all of the 
pre-miXing noZZles 11 are arranged. An inner diameter of the 
outer cylindrical member 13b, that corresponds to a diam 
eter of the combustion Zone in the combustor, is set such 
that, Where an area is taken on a radial directional plane of 
the combustor, the area inside of the outer cylindrical 
member 13b and outside of the pitch circle P, less the area 
taken by the pre-miXing noZZles 11 outside of the pitch circle 
P, that is, the area shoWn by the hatched portion in FIG. 3, 
is a half or more of the area of all the pre-miXing noZZles 11. 
By so selecting the diameter of the combustion Zone in the 
combustor, the abovementioned gas stagnation area is effec 
tively formed in the front outer side space portion of the 
pre-miXing noZZles 11 and the ?ame holding ability can be 
greatly enhanced. 

[0029] According to the gas turbine combustor con 
structed as described above, a remarkable NOX reduction 
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effect can be obtained. For example, NOX quantity of 25 
PPM in the prior art can be reduced to 10 PPM or less. 

[0030] While the preferred form of the present invention 
has been described, it is to be understood that the invention 
is not limited to the particular construction and arrangement 
herein illustrated and described but embraces such modi?ed 
forms thereof as come Within the scope of the appended 
claims. 

What is claimed is: 
1. A gas turbine combustor comprising a pilot noZZle 

arranged on a central aXis of said combustor and a plurality 
of pre-miXing noZZles arranged around said pilot noZZle, 
Wherein a diameter of a combustion Zone of said combustor 
is set such that, Where an area is taken on a radial directional 
plane of said combustor, the area inside of said combustion 
Zone and outside of a pitch circle that is de?ned as a circle 
on Which all central aXes of said plurality of pre-miXing 
noZZles are arranged, less the area taken by said plurality of 
pre-miXing noZZles outside of said pitch circle, is a half or 
more of the area of all of said plurality of pre-miXing 
noZZles. 

2. A gas turbine combustor as claimed in claim 1, Wherein 
each of said plurality of pre-miXing noZZles has its front end 
projected beyond a base plate that supports said pre-miXing 
noZZle and a projecting distance of such projected front end 
is set to one third or more of an outer diameter of said 

pre-miXing noZZle. 
3. A gas turbine combustor as claimed in claim 1, Wherein 

each of said plurality of pre-miXing noZZles has its front 
portion made in a double structure having inner and outer 
members With a predetermined gap being maintained 
betWeen said inner and outer members and air is ?oWable in 
said gap. 

4. A gas turbine combustor as claimed in claim 1, Wherein 
a combustor body as an outer casing of said combustor 
comprises therein an inner cylindrical member and an outer 
cylindrical member, said inner cylindrical member is 
arranged surrounding said plurality of pre-miXing noZZles 
and said outer cylindrical member has its inner diameter 
made larger than an outer diameter of said inner cylindrical 
member and is arranged surrounding a front end portion of 
said inner cylindrical member and extending doWnstream of 
said inner cylindrical member so as to cover said combus 
tion Zone to thereby enable to enlarge the diameter of said 
combustion Zone beyond an inner diameter of said inner 
cylindrical member. 
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