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Description
BACKGROUND OF THE INVENTION:
Field of the Invention:

[0001] The present invention relates to a swirler for
forming a pre-mixture in a pre-mixed flame type low NOy
combustor of a gas turbine.

Description of the Prior Art:

[0002] Above-mentioned type of combustor in the pri-
or art will be outlined below with reference to Figs. 2 to
5. Fig. 4 is an entire constructional view of one example
of a pre-mixed flame type low NOy combustor in the pri-
or art and Fig. 5 is a cross sectional view of a main fuel
nozzle as part of the combustor of Fig. 4.

[0003] Whatis called a fuel supply nozzle for supply-
ing fuel and air or mixture thereof into a combustor con-
sists of a pilot fuel nozzle 204 for forming a flame portion
in a cross sectional center of the combustor, a plurality
of main fuel nozzles 202, each having an outer casing
206, arranged surrounding said pilot fuel nozzle 204 for
forming a pre-mixed gas of fuel and air, etc.

[0004] In an upstream portion of each of the main fuel
nozzles 202, there is provided a main swirler 201 sur-
rounding the main fuel nozzle 202 and extending to a
position of the outer casing 206.

[0005] And in a wall of body of the main fuel nozzle
202 on a downstream side of the main swirler 201, there
are bored a plurality of nozzle holes 205 along a circum-
ferential direction of the main fuel nozzle 202.

[0006] In the prior art combustor constructed as
above, there are provided the main swirlers 201 in plural
units and a pilot swirler 203 in a single unit at a center
of the combustor, and combustion air is supplied
through the plurality of main swirlers 201 and the pilot
swirler 203 and fuel is supplied from the plurality of main
fuel nozzles 202 and the pilot fuel nozzle 204.

[0007] In the main fuel nozzle 202, as shown in Fig.
5, the fuel is injected from the nozzle holes 205 bored
in the wall of body of the main fuel nozzle 202 and is
mixed with the air flowing on an outer periphery of the
nozzle via the main swirler 201 to form a pre-mixed gas.
[0008] When the air flows through the main swirler
201, it is given a swirling angle by the main swirler 201
and this angle is governed by a fitting angle in which a
swirler vane is fitted to a hub portion thereof relative to
a center axis of the fuel nozzle.

[0009] In the prior art swirler, while there is seen such
an example that the fitting angle of the swirler vane is
changed and adjusted for changing the swirling angle,
the swirler in actual use remains such that when the fit-
ting angle of the swirler vane to the hub portion (hub
portion fitting angle) is changed and adjusted, that hub
portion fitting angle is maintained same as far as to a tip
portion of the swirler vane and there is seen no more
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example of angle change.

[0010] As concrete examples of changing the hub
portion fitting angle of the swirler vane, there are ones
shown in Figs. 2 and 3.

[0011] Thatis, one example is that the hub portion fit-
ting angle of a swirler vane 201a relative to a center axis
C of the main fuel nozzle 202 is 25°, as shown in Fig. 2,
wherein Fig. 2(a) is a view showing arrangement of a
swirler relative to the fuel nozzle and Fig. 2(b) is a de-
velopment of arrangement of swirler vanes.

[0012] Also, another example is that the hub portion
fitting angle of a swirler vane 201b relative to the center
axis C of the main fuel nozzle 202 is 45°, as shown in
Fig. 3, wherein Fig. 3(a) is a view showing arrangement
of a swirler relative to the fuel nozzle and Fig. 3(b) is a
development of arrangement of swirler vanes.

[0013] In either of Figs. 2 and 3, air A supplied from
upstream runs into the swirler vane 201a or 201b to form
an outward swirling flow and fuel F of natural gas and
the like is supplied into this swirling flow of air via nozzle
holes 205 of the main fuel nozzle 202 to form a pre-mix-
ture of the fuel F and the air A.

[0014] In the prior art swirler in which the hub portion
fitting angle of the swirler vane 201b shown in Fig. 3 is
45°, because said angle is as large as 45°, shearing flow
of the air A is strong, so that mixing of the fuel F and the
air A is accelerated very favorably.

[0015] However, due to said strong shearing flow,
there is formed a large stagnation point P at a tip portion
of the main fuel nozzle 202, as shown by a hatched por-
tion in Fig. 3(a), and if a back fire phenomenon once
occurs, flame stagnates at the stagnation point P, so that
there arises a problem that the main fuel nozzle 202 is
apt to burn.

[0016] On the other hand, in the prior art swirler in
which the hub portion fitting angle of the swirler vane
201a shown in Fig. 2 is 25°, because said angle of 25°
is comparatively small, shearing flow of the air A is not
so strong and the stagnation point P which is formed at
the tip portion of the main fuel nozzle 202, as shown by
a hatched portion in Fig. 2 (a), is small, hence even if a
back fire phenomenon occurs, flame does not specifi-
cally stagnate there.

[0017] However, this effect is obtained by the shear-
ing flow of the air A which is not very strong and as a
result reversely, mixing of the fuel F and the air A, which
is a function required for a pre-mixed type combustor,
becomes worse, as clearly understood when compared
with the swirler 'of Fig. 3 in which the hub portion fitting
angle of the swirler vane 201b is 45° and there is a prob-
lem of narrow range of condition within which a low NO,
combustion is attained.

[0018] WO 89/06307A (D1) discloses a gas turbine
'with forced vortex fuel injection. The document qualita-
tively shows that the swirler vanes extend relatively ax-
ially at their radially inner edges and relatively non-axi-
ally at their radially outer edges. However, the fuel in-
jection nozzle of D1 is obviously of a different type with
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only a single central injection nozzle. Furthermore, the
injector is comprised of three generally concentric cylin-
drical tubes wherein the fuel is injected axially from the
central tube and an concentrated oxidant is ejected co-
axially through the surrounding intermediate tube. In this
type of injector the specific problem of a large stagnation
point at the tip portion of the main fuel nozzle is not
present.

SUMMARY OF THE INVENTION:

[0019] Itis therefore an object of the presentinvention
to provide a gas turbine combuster with a swirler which
is able to accelerate mixing of fuel and air as well as to
make a stagnation point formed at a tip portion of a main
fuel nozzle smaller to thereby prevent occurrence of
flame stagnation and burning of components so as to
dissolve problems in the prior art.

[0020] Inorderto attain said object, the presentinven-
tion provides gas turbine combuster with the features
defined in the claim. A swirler vane fitted around a fuel
nozzle is twisted from a hub side thereof to a tip side
thereof so that a fitting angle of the tip side relative to a
center axis of the fuel nozzle is larger than that of the
hub side.

[0021] Thatis, inthe swirler vane fitted around the fuel
nozzle, the swirler vane is twisted from the hub side to
the tip side so as to change the fitting angle relative to
the center axis of the fuel nozzle and said angle of the
tip side is formed larger than that of the hub side. Thus,
while said angle of the hub side is set to a smaller angle
so that flame stagnation, and burning of components re-
sulted therefrom, may be prevented from occurring, the
swirler vane is twisted so that said angle of the tip side
may be selected to an angle in which shearing flow nec-
essary for appropriate mixing of fuel and air is obtained,
thereby such a three-dimensional swirler as is able to
make a favorable pre-mixing, to prevent a life deteriora-
tion due to the burning etc . and to enhance a combus-
tion efficiency is obtained.

[0022] Also, in the combustor of the present invention
in said swirler vane, the fitting angle of the hub side rel-
ative, to the center axis of the fuel nozzle is 25° and that
of the tip side is 45°.

[0023] Thatis, the fitting angle of the hub side relative
to the center axis of the fuel nozzle is set to 25° in which
flame stagnation and burning of components do not oc-
cur and said angle of the tip side is set to 45° in which
shearing flow becomes strong, thus occurrence of prob-
lem of flame stagnation and burning on the hub side is
restrained and strong shear flow on the tip side is se-
cured, thereby such a three-dimensional swirler as is
able to make a favorable pre-mixing of fuel and air, to
prevent a life deterioration due to the burning etc. and
to enhance a combustion efficiency is obtained.

10

15

20

25

30

35

40

45

50

55

BRIEF DESCRIPTION OF THE DRAWINGS:
[0024]

Fig. 1is a view showing one embodiment according
to the present invention, wherein Fig. 1(a) is a view
showing arrangement of a swirler relative to a fuel
nozzle, Fig. 1(b) is a development of arrangement
of swirler vanes and Fig. 1(c) is a perspective view
of one of the swirler vanes.

Fig. 2 is a view of one example of swirler in the prior
art, wherein Fig. 2(a) is a view showing arrange-
ment of a swirler relative to a fuel nozzle and Fig. 2
(b) is a development of arrangement of swirler
vanes.

Fig. 3 is a view of another example of swirler in the
prior art, wherein Fig. 3 (a) is a view showing ar-
rangement of a swirler relative to a fuel nozzle and
Fig. 3(b) is a development of arrangement of swirler
vanes.

Fig. 4 is an entire constructional view showing one
example of a pre-mixed flame type low NOy com-
bustor in the prior art.

Fig. 5 is a cross sectional view of a main fuel nozzle
as part of the combustor of Fig. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS:

[0025] One embodiment according to the present in-
vention will be described with reference to Fig. 1. Fig. 1
shows a three-dimensional swirler of an embodiment of
the present invention, wherein Fig. 1(a) shows arrange-
ment of a swirler relative to a fuel nozzle, Fig. 1(b) is a
development of arrangement of swirler vanes and Fig.
1(c) is a perspective view of one of the swirler vanes.
[0026] In the present embodiment, a main swirler 101
is provided around a main fuel nozzle 102 and there are
bored a plurality of nozzle holes 105 in a wall of the main
fuel nozzle 102 along a circumferential direction thereof
at position downstream of the main swirler 101, so that
fuel F injected from the nozzle holes 105 mixes with air
A which has passed through the main swirler 101 to form
so-called a pre-mixture, and this basic concept and
structure of swirler is same as that of the described prior
art one.

[0027] The present embodiment is featured in that
said main swirler 101 is constructed in a specific form
as follows:

[0028] Thatis, as shown in Figs. 1(b) and (c), a fitting
angle o of a swirler vane 101a on a hub side thereof is
25° relative to a center axis C of the main fuel nozzle
102 and a fitting angle B of the swirler vane 101a on a
tip side thereof is 45° likewise relative to the center axis
C of the main fuel nozzle 102.

[0029] Thus, as understood from Fig. 1(c), the swirler
vane 101ais twisted from the hub side to the tip side by
a differential angle between the hub side angle o = 25°
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and the tip side angle § = 45°.

[0030] In the present embodiment constructed as
above, while the air A is changed of its flow direction by
the swirler vane 101a of the main swirler 101, because
the fitting angle o on the hub side of the swirler vane
101ais 25°, a stagnation point P, if formed, at a tip por-
tion of the main fuel nozzle 102 is not so large.

[0031] Also, the swirler vane 101a is twisted from the
hub side to the tip side and the fitting angle B on the tip
side of the swirler vane 101ais 45°, hence there can be
formed a strong shear flow there.

[0032] And the fuel F of natural gas and the like is sup-
plied into a swirling flow of the air A so formed via the
nozzle holes 105 bored in the main fuel nozzle 102 and
a pre-mixture of the fuel F and the air A is formed.
[0033] Thus, according to the present embodiment,
the fitting angle on the hub side of the swirler vane 101a
is set to 25° so that the stagnation point at the tip portion
of the main fuel nozzle 102 is small and no substantial
flame stagnation occurs there even if a back fire occurs,
hence there is no fear of burning of components as well.
[0034] Also, thefitting angle on the tip side of the swirl-
er vane 101a is set to 45° so that the shear flow of the
air A on an outer side in a radial direction of the swirler
is strong and mixing of the fuel F and the air A is accel-
erated, hence an excellent pre-mixture can be obtained.

Claims
1. A gas turbine combustor comprising:

a pilot fuel nozzle adapted to form a flame por-
tion in a central part of said gas turbine com-
bustor;

a plurality of main fuel nozzles (102) arranged
so as to surround said pilot fuel nozzle, for form-
ing a pre-mixed gas of fuel and air, each of said
plurality of main fuel nozzles (102) comprising
an outer casing surrounding said main fuel noz-
zle (102) and a plurality of nozzle holes (105)
bored in said main fuel nozzle (102) along a cir-
cumferential direction thereof; and

a plurality of main swirlers (101), each of said
main swirlers (101) being arranged to surround
a respective one of said plurality of main fuel
nozzles (102) upstream of said plurality of noz-
zle holes (105) thereof, each of said main swirl-
ers (101) comprising a hub fitted around said
respective one main fuel nozzle (102) and a
plurality of swirler vanes (101a) fixedly con-
nected to said hub and extending radially out-
ward from said hub to said outer casing, each
of said plurality of swirler vanes (101a) being
twisted from a hub side thereof to a tip side
thereof,

wherein each of said plurality of swirler vanes
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(101a) has a fitting angle (B) at said tip side of 45
degrees relative to a center axis (C) of said respec-
tive main fuel nozzle (102), and a fitting angle (o) at
said hub side of 25 degrees relative to the center
axis (C) of said respective main fuel nozzle (102).

Patentanspriiche
1. Gasturbinen-Combustor mit:

einer Pilot-Brennstoffdiise, die einen Flam-
menabschnitt in einem zentralen Teil des Gas-
turbinen-Combustors zu bilden vermag,
mehreren Hauptbrennstoffdiisen (102), die so
angeordnet sind, dass sie die Pilot-Brennstoff-
diise umgeben, um ein vorgemischtes Gas aus
Brennstoff und Luft zu bilden, wobei jede der
mehreren Hauptbrennstoffdiisen (102) ein au-
Reres Gehduse, das die Hauptbrennstoffdlise
(102) umgibt, und mehrere Disenlécher (105),
die in die Hauptbrennstoffdiise (102) entlang
einer Umfangsrichtung derselben gebohrt sind,
umfasst, und

mehreren Hauptverwirbelungselementen
(101), wobei jedes der Hauptverwirbelungsele-
mente (101) so angeordnet ist, dass es jeweils
eine der mehreren Hauptbrennstoffdiisen
(102) stromauf der mehreren Duisenlécher
(105) derselben umgibt, wobei jedes der
Hauptverwirbelungselemente (101) eine um
die jeweilige Hauptbrennstoffdiise (102) herum
eingesetzte Nabe und mehrere fest mit der Na-
be verbundene und sich radial von der Nabe
nach aufien zu dem duReren Gehause erstrek-
kende Verwirbelungsfliigel (101a) umfasst, wo-
bei jeder der mehreren Verwirbelungsfliigel
(101a) von seiner Nabenseite zu seiner Aufden-
seite verdreht ist,

wobei jeder der mehreren Verwirbelungsfli-
gel (101a) einen Einsetzwinkel (B) an der Auf3en-
seite von 45° relativ zu einer Mittelachse (C) der je-
weiligen Hauptbrennstoffdiise (102) aufweist, und
einen Einsetzwinkel () an der Nabenseite von 25°
relativ. zu der Mittelachse (C) der betreffenden
Hauptbrennstoffdise (102).

Revendications

1. Dispositif de combustion de turbine a gaz
comportant :

- une buse de combustible pilote congue pour
former une partie de flamme dans une partie
centrale du dispositif de combustion de turbine
agaz;
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- unepluralité de buses (102) a combustible prin-
cipales agencées de maniére a entourer la bu-
se de combustible pilote pour former un pré-
mélange gazeux de combustible et d'air, cha-
que buse de la pluralité de buses (102) princi- %
pales de combustible comportant une envelop-
pe extérieure entourant la buse (102) de com-
bustible principale et une pluralité de trous
(105) de buses ménagés dans la buse (102) de
combustible principale le long de sa direction 10
circonférentielle, et

- une pluralité de dispositifs (101) de mise en
tourbillons principaux, chaque dispositif de mi-
se en tourbillon principal étant agencé pour en-
tourer I'une respective de la pluralité de buses 15
(102) de combustible principales en amont de
la pluralité de leurs trous (105) de buse, chaque
dispositif (101) de formation de tourbillon com-
portant un moyeu adapté autour de la buse
(102) de combustible principale respective et 20
une pluralité d'aubes (101a) de dispositifs de
mise en tourbillons reliées de maniére fixe au
moyeu et s'étendant radialement vers I'exté-
rieur a partir du moyeu vers l'enveloppe exté-
rieure, chaque aube de la pluralité d'aubes 25
(101a) de dispositif de formation de tourbillons
étant torsadée a partir du c6té du moyeu vers
un de ses cOtés de pointe,

chaque aube de la pluralité d'aubes (101a) de 30
dispositif de mise en tourbillons ayant un angle (B)
d'adaptation du c6té de la pointe de 45° par rapport
a un axe C central de la buse (102) de combustible
principale respective, et un angle (o) d'adaptation
du dit c6té du moyeu de 25° par rapport a I'axe (C) 35
central de la buse (102) de combustible respective.
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Fig. 1(a}
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