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(57) A combustor unit (10) for a gas turbine assembly
(1) comprises a premix combustor (15) and a reheat com-
bustor (16), which are arranged in series along the gas
flow direction (M); the reheat combustor (16) comprises:
a housing (20) extending substantially along a longitudi-
nal axis (B) and defining a reheat combustion chamber
(23),

a plurality of injection units (27) distributed around the
reheat combustion chamber (23) and fed with air and
fuel; at least one first injection unit (27a) of the plurality
of injection units (27) being configured to inject fuel and
air differently with respect to the others injection units
(27b, 27c, 27d, 27e).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a combustor
unit for a gas turbine assembly and to a gas turbine as-
sembly, in particular of a power plant.
[0002] The invention further relates to a method for
controlling fuel injection in a combustor unit.

DESCRIPTION OF PRIOR ART

[0003] As is known, a gas turbine assembly for power
plants comprises a compressor, a combustor unit and a
turbine.
[0004] In particular, the compressor comprises an in-
let, supplied with air, and a plurality of blades compress-
ing the passing air. The compressed air leaving the com-
pressor flows into a plenum, i.e. a closed volume, and
from there into the combustor unit, where the com-
pressed air is mixed with at least one fuel and combusted.
The resulting hot gas leaves the combustor unit and is
expanded in the turbine, producing mechanical work.
[0005] In order to achieve a high efficiency, a high tur-
bine inlet temperature is required.
[0006] However, due to this high temperature, high
NOx emissions are generated.
[0007] In order to reduce these emissions and to in-
crease operational flexibility, gas turbine assemblies
have been developed which comprise a combustor unit
performing a sequential combustion cycle.
[0008] In general, a sequential combustor unit com-
prises two combustors in series, wherein each combustor
is provided with a respective burner and combustion
chamber. Following the main gas flow direction, the up-
stream combustor is called "premix" combustor and is
fed by the compressed air. The downstream combustor
is called "sequential" or "reheat" combustor and is fed by
the hot gas leaving the first combustion chamber.
[0009] According to a first known configuration, the two
combustors are physically separated by a high pressure
turbine. Following the main gas flow, this first configura-
tion includes the compressor, the premix combustor, the
high-pressure turbine, the reheat combustor and a low-
pressure turbine.
[0010] According to a second known configuration, the
premix and the reheat combustor are arranged directly
one downstream the other inside a common casing, in
particular a can-shaped casing, and no high-pressure
turbine is used. According to this kind of sequential gas
turbines, a plurality of can combustors are provided,
which are distributed around the turbine axis.
[0011] Each reheat combustor is preferably provided
with a reheat burner and a reheat combustion chamber
into which the hot flow coming from the premix is dis-
charged. A transition duct is arranged downstream the
reheat combustion chamber and guides the hot gas leav-
ing the reheat combustor toward the turbine.

[0012] The reheat burner may include a plurality of
identical injection units, which are circumferentially ar-
ranged about the reheat combustion chamber and are
designed to uniformly inject fuel into the reheat combus-
tion chamber.
[0013] The reheat burner flames, in certain operating
conditions, generate self-excited thermoacoustic pulsa-
tions, which may exceed acceptable pulsation limits and
undesirably restrict the gas turbine operational range.
[0014] For this reason, usually, combustor assemblies
are provided with damping devices in order to damp these
pressure oscillations. However, damping devices are not
always effective and require space, not always available
in all combustor assemblies.

SUMMARY OF THE INVENTION

[0015] Therefore it is primary object of the present in-
vention to provide a combustor unit wherein flame pul-
sations are reduced in a cost effective way and, at the
same time, without affecting NOx emissions.
[0016] This object is attained, according to the present
invention, by a combustor unit for a gas turbine assembly
comprising a premix combustor and a reheat combustor,
which are arranged in series along the gas flow direction;
the reheat combustor comprising:

• a housing extending substantially along a longitudi-
nal axis and defining a reheat combustion chamber,

• a plurality of injection units distributed around the
reheat combustion chamber and fed with air and fuel;

• at least one first injection unit of the plurality of injec-
tion units being configured to inject fuel and air dif-
ferently with respect to the others injection units.

By designing the injection units according to a non-uni-
form distribution pattern, when operational conditions oc-
cur that are prone to undesired thermoacoustic pulsa-
tions, the flame behavior is controlled and instability pre-
vented or reduced. The non-uniformity of the injection
units, in fact, creates an uneven distribution of the char-
acterizing features of the flames (local delay time, flame
front etc.). In this way thermoacoustic pulsations not only
do not increase, but are reduced by disruptive interfer-
ence.
According to a variant, all the injection units of the plurality
of injection units are configured to inject fuel and air dif-
ferently from each other.
According to a variant of the present invention, the at
least one first injection unit of the plurality of injection
units is configured to inject fuel and air according to a
different equivalence ratio and/or to a different mixing
between air and fuel and/or to a different penetration into
the reheat combustion chamber with respect to the other
injection units. According to a further variant of the
present invention, the geometry of the at least one first
injection unit of the plurality of injection units is different
from the geometry of the other injection units of the plu-
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rality of injection units.
According to a variant of the present invention, the
amount of air and/or fuel fed to the at least one first in-
jection unit of the plurality of injection units is different
from the amount of air and/or fuel fed to the other injection
units of the plurality of injection units.
According to a variant of the present invention, each in-
jection unit of the plurality of injection units engages a
respective hole of the housing.
According to a variant of the present invention, each in-
jection unit of the plurality of injection units comprises a
fuel supply line and at least one fuel nozzle in fluidic com-
munication with the fuel supply line; an air supply line
and at least one air nozzle in fluidic communication with
the air supply line; and a conveying tube extending along
an extension axis and provided with an outlet flowing into
the reheat combustion chamber; in the conveying tube
air and fuel coming from the at least one fuel nozzle and
air nozzle are mixed.
According to a further variant of the present invention,
the inlet of the conveying tube coincides with the air noz-
zle.
According to a variant of the present invention, the at
least one first injection unit has a conveying tube having
a first tube length different from the tube lengths of the
conveying tubes of the other injection units.
Preferably, according to an embodiment of the present
invention, the at least one first fuel nozzles of the at least
one first injection unit has a first diameter different from
the diameters of the fuel nozzles of the other injection
units.
According to another embodiment of the present inven-
tion, the at least one first injection unit has a first convey-
ing tube having a first tube width different from the tube
widths of the conveying tubes of the other injection units.
According to another embodiment of the present inven-
tion, the at least one first injection unit has a first air nozzle
having a passage section different from the passage sec-
tions of the air nozzles of the other injection units.
According to another embodiment of the present inven-
tion, the first injection unit comprises a metering plate
provided with a hole and coupled to the first air nozzle to
adjust the passage section of the first air nozzle.
According to another embodiment of the present inven-
tion, the at least first injection unit has a first conveying
tube extending along an extension axis which is inclined
differently from the extension axes of the conveying tubes
of the other injection units.
[0017] It is also another object of the present invention
to provide a gas turbine assembly wherein flame pulsa-
tions are reduced in a cost effective way and, at the same
time, without affecting NOx emissions.
According to these objects the present invention relates
to a gas turbine assembly as claimed in claim 15.

BRIEF DESCRIPTION OF DRAWINGS

[0018] For a better comprehension of the present in-

vention and its advantages, an exemplary embodiment
of the invention is described below in conjunction with
the accompanying drawings, in which:

- figure 1 is a schematic view, with parts removed for
clarity, of a gas turbine assembly provided with a
combustor unit according to the present invention;

- figure 2a is a schematic lateral section view, with
parts removed for clarity, of a combustor unit accord-
ing to the invention;

- figure 2b is an enlarged view of a detail of figure 2a;
- figures 3a-3c are schematic enlarged section views

of details of the combustor unit of figure 2;
- figures 4a-4c are schematic enlarged section views

of details of the combustor unit of figure 2 according
to a first variant of the present invention;

- figures 5a-5c are schematic enlarged section views
of details of the combustor unit of figure 2 according
to a second variant of the present invention;

- figures 6a-6c are schematic enlarged section views
of details of the combustor unit of figure 2 according
to a third variant of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0019] Figure 1 is a schematic view of a gas turbine
assembly 1 for power plants according to the present
invention.
[0020] Gas turbine assembly 1 comprises a compres-
sor 2, a combustor assembly 3 and a turbine 4. Com-
pressor 2 and turbine 4 have a common axis A and form
respective sections of a rotor 5 rotatable about axis A.
[0021] As is known, ambient air 6 enters compressor
2 and is compressed. Compressed air 7 leaves compres-
sor 2 and enters a plenum 8, i.e. a volume defined by an
outer casing 9. From plenum 8, compressed air 7 enters
combustor assembly 3 that comprises a plurality of com-
bustor units 10 annularly arranged around axis A. Com-
bustor units 10 are often defined "can combustors". In
combustor units 10 at least a fuel is injected, and the
air/fuel mixture is ignited, producing hot gas 11 that is
conveyed to turbine 4.
[0022] As is better shown in figure 2a, each combustor
unit 10 is housed in a respective portal hole of the outer
casing 9 and has an axis B. Combustor unit 10 comprises,
in series along gas flow M, a first or premix combustor
15, a second or reheat combustor 16 and a transition
duct 19, which guides the hot gas leaving the reheat com-
bustor 16 toward the turbine 4.
[0023] In particular, premix combustor 15 comprises a
premix burner 17 and a first combustion chamber 18.
[0024] Reheat combustor 16 comprises a housing 20
defining a combustion chamber 23 and a reheat burner
22.
[0025] Preferably, the housing 20 is a double wall
housing wherein a cooling interspace 24 (better visible
in figures 3a-3c, 4a-4c, 5a-5c, 6a-6c) is formed. The cool-
ing interspace 24 is fed with air coming from the plenum 8.
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[0026] The housing 20 is arranged inside a casing 25,
which substantially surrounds the housing 20 in order to
create an air chamber 26, which is fed with the air coming
from the plenum 8.
[0027] With reference to figure 2b, reheat burner 22
comprises a plurality of injection units collectively refer-
enced 27, and individually referenced 27a, 27b, 27c, 27d,
etc....
[0028] The plurality of injection units 27 is arranged
around the reheat combustion chamber 23 and is fed
with air and fuel. Preferably,, the plurality of injection units
27 is arranged circumferentially around the reheat com-
bustion chamber 23.
[0029] Each injection unit 27a, 27b, 27c, 27d, etc. en-
gages a respective through hole 28 made in the housing
20.
[0030] With reference to figures 3a-3c, each injection
unit 27a, 27b, 27c, 27d comprises a fuel supply line 30
and at least one fuel nozzle 31 in fluidic communication
with the fuel supply line 30, an air supply line 29 and at
least one air nozzle 32 in fluidic communication with the
air supply line 29 and a conveying tube 33, wherein air
and fuel coming from the at least one fuel nozzle 31 and
air nozzle 32 are mixed.
[0031] The conveying tube 33 extends along an axis
C. In the non-limitative example here disclosed and illus-
trated, the conveying tube 33 extends from an inlet co-
inciding with the air nozzle 32 to an outlet 35 flowing into
the reheat combustion chamber 23.
[0032] Preferably, the conveying tube 33 is cylindrical
and is at least partially housed in the hole 28 of the hous-
ing 20
[0033] The air supply line 29 comprises the air cham-
ber 26, which surrounds the housing 20 and supplies all
the air nozzles 32.
[0034] The fuel supply line 30 comprises a fuel conduit
37 (schematically represented) and a fuel collector 38,
preferably surrounding the inlet portion of the conveying
tube 33. The fuel supplied to the fuel supply line 30 can
be the same fuel supplied to the first combustor 15 or a
different fuel.
[0035] In the non-limitative example here disclosed
and illustrated, each injection unit 27a, 27b, 27c, 27d,
27e comprises a plurality of fuel nozzles 31, which are
arranged along a substantially circumferential path ex-
tending on a plane orthogonal to axis C.
[0036] At least one injection unit 27a of the plurality of
injection units 27 is configured to inject fuel and air dif-
ferently from the other injection units of the plurality of
injection units 27.
[0037] With the expression "differently" it is intended
that the geometry or the supply control of air and/or fuel
is different from the geometry or the supply control of the
other injection units 27b, 27c, 27d, 27e of the plurality of
injection units 27.
[0038] Preferably, the injection unit 27a is configured
to inject fuel and air according to a different equivalence
ratio and/or to a different mixing between air and fuel

and/or to a different penetration into the reheat combus-
tion chamber 23 with respect to the others injection units
27b, 27c, 27d, 27e of the plurality of injection units 27.
[0039] With the expression "equivalence ratio" is in-
tended the ratio φ, which is defined according to the fol-
lowing formula: 

as the ratio of the fuel-to-air ratio to the stoichiometric
fuel-to-air ratio.
[0040] The advantage of using equivalence ratio over
fuel-air ratio is that it takes into account (and is therefore
independent of) both mass and molar values for the fuel
and air.
[0041] With the expression "mixing between air and
fuel" is intended the way of mixing the fuel and the air
supplied to the injection unit (e.g. presence of vortex gen-
erators/deflectors and other means for controlling the
mixing between fuel and air).
[0042] With the expression "penetration into the reheat
combustion chamber" is intended the jet characteristic
of the mixed air/fuel flow, which is injected into the reheat
combustion chamber 23. In particular, the jet character-
istic of the mixed air/fuel flow can depend on the jet mo-
mentum, the jet diameter, the jet angle, and the position
at which the mixed air/fuel flow coming from the injection
unit is injected in the reheat combustion chamber 23.
[0043] In this way, in the reheat combustion chamber
23 at least one non-uniformity is introduced. This leads
to an uneven distribution of the flow field and of the hot
gas, fuel, air mixing field at the reaction zone (flame) of
the reheat combustor 16. The acoustic dynamics are
therefore damped and the dangerous increasing of some
acoustic oscillations is avoided.
[0044] In figures 3a-3c it is represented a first embod-
iment of the present invention wherein at least the injec-
tion unit 27a has a conveying tube 33a having a tube
length La different from the tube lengths Lb, Lc, Ld, Le
of the conveying tubes 33b, 33c, 33d, 33e of the other
injection units 27b, 27c, 27d, 27e. The tube length is
measured along the axis C.
[0045] Preferably, the tube length La is greater than
the tube lengths Lb, Lc, Ld, Le of the conveying tubes
33b, 33c, 33d, 33e of the other injection units 27b, 27c,
27d, 27e.
[0046] More preferably, the tube length La is greater
than the depth of the housing 20.
[0047] According to a variant not shown, the tube
lengths La, Lb, Lc, Ld, Le are different from each other
in order to change the penetration depth of each injection
unit 27.
[0048] In figures 4a-4c it is represented a second em-
bodiment of the present invention, wherein at least the
injection unit 27a has fuel nozzles 31a having a diameter
Da different from the diameter Db, Dc, Dd, De of the fuel
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nozzles 31b, 31c, 31d, 31e of the other injection units
27b, 27c, 27d, 27e.
[0049] Preferably, fuel nozzles 31a have a diameter
Da greater than the diameters Db, Dc, Dd, De of the fuel
nozzles 31b, 31c, 31d of the other injection units 27b,
27c, 27d, 27e.
[0050] According to a variant not shown, the diameters
Da, Db, Dc, Dd, De of the fuel nozzles 31a, 31b, 31c,
31d, 31e are different from each other in order to change
the equivalence ratio and the mixing between air and fuel
of each injection unit 27
[0051] In figures 5a-5c it is represented a third embod-
iment of the present invention, wherein at least the injec-
tion unit 27a has a conveying tube 33a having a tube
width Wa different from the tube widths Wb, Wc, Wd, We
of the conveying tubes 33b, 33c, 33d, 33e of the other
injection units 27b, 27c, 27d, 27e. The tube width is meas-
ured along a direction orthogonal to axis C.
[0052] Preferably, the tube width Wa is smaller than
the tube widths Wb, Wc, Wd, We of the conveying tubes
33b, 33c, 33d, 33e of the other injection units 27b, 27c,
27d, 27e.
[0053] According to a variant not shown, the tube
widths Wa, Wb, Wc, Wd, We are different from each other
in order to change the equivalence ratio and the mixing
between air and fuel of each injection unit 27 and the
penetration into the reheat combustion chamber 23.
[0054] In figures 6a-6c it is represented a fourth em-
bodiment of the present invention, wherein at least the
injection unit 27a has an air nozzle 32a having a passage
section Aa different from the passage sections Ab, Ac,
Ad, Ae of the air nozzles 32b, 32c, 32d, 32e of the other
injection units 27b, 27c, 27d, 27e.
[0055] Preferably, air nozzle 32a has a passage sec-
tion Aa smaller from the passage sections Ab, Ac, Ad,
Ae of the air nozzles 32b, 32c, 32d, 32e of the other
injection units 27b, 27c, 27d, 27e.
[0056] More preferably, air nozzle 32a is coupled to a
metering plate 39 having a hole 40 whose passage sec-
tion is the desired one Aa.
[0057] According to a variant not shown, the passage
sections Aa, Ab, Ac, Ad, Ae of the air nozzles 32a, 32b,
32c, 32d, 32e of the injection units 27a, 27b, 27c, 27d,
27e are different from each other in order to change the
equivalence ratio and the mixing between air and fuel of
each injection unit 27
[0058] In the examples here disclosed and illustrated
all the conveying tubes 33a, 33b, 33c, 33d, 33e extend
along an axis B which is substantially arranged radially
with respect to the axis B of the combustor unit 10.
[0059] According to a variant not shown, at least one
of the injection units 27a, 27b, 27c, 27d, 27e is provided
with a conveying tube 33a, 33b, 33c, 33d, 33e extending
along an axis which is not radially arranged.
[0060] According to a further variant all the conveying
tubes 33a, 33b, 33c, 33d, 33e extend along respective
axis which are not radially arranged and are inclined dif-
ferently from each other.

[0061] According to a variant not shown, at least one
of the injection units 27a is provided with fuel nozzles
31a having a shape and/or a position different from the
shapes and/or the positions of the other fuel nozzles 31b,
31c, 31d, 31e.
[0062] According to a further variant not shown, the
shapes and/or the positions of fuel nozzles 31a, 31b, 31c,
31d, 31e are different from each other in order to change
the equivalence ratio and the mixing between air and fuel
of each injection unit 27.
[0063] According to a variant not shown the supply line
30 can be adjusted in order to supply a different fuel flow
rate to at least one injection unit of the plurality of injection
units 27. For example, the passage section of the fuel
conduit 37 of at least one injection unit 27a can be dif-
ferent from the passage section of the fuel conduits 37
of at least one injection units 37b, 37c, 37d, 37e.
[0064] According to a further variant not shown, at least
one injection unit of the plurality of injection units 27 is
provided with a combination of the different features
above described for each embodiment.
[0065] Other variants may be considered and focused
on changing further geometrical parameters of the injec-
tion units able to modify the equivalence ratio and/or the
mixing between air and fuel and/or the penetration into
the reheat combustion chamber 23.
[0066] In this way a different behavior of the injection
nozzles creates a non-uniformity in the flame front and
therefore a disruptive interference of the acoustic oscil-
lations.
[0067] Although the invention has been explained in
relation to its preferred embodiments as mentioned
above, it is to be understood that many other possible
modifications and variations can be made without depart-
ing from the scope of the appended claims.

Claims

1. A combustor unit (10) for a gas turbine assembly (1)
comprising a premix combustor (15) and a reheat
combustor (16), which are arranged in series along
the gas flow direction (M); the reheat combustor (16)
comprising:

a housing (20) extending substantially along a
longitudinal axis (B) and defining a reheat com-
bustion chamber (23),
a plurality of injection units (27) distributed
around the reheat combustion chamber (23) and
fed with air and fuel;
at least one first injection unit (27a) of the plu-
rality of injection units (27) being configured to
inject fuel and air differently with respect to the
others injection units (27b, 27c, 27d, 27e).

2. A combustor unit according to claim 1, wherein all
the injection units (27a, 27b, 27c, 27d, 27e) of the
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plurality of injection units (27) are configured to inject
fuel and air differently from each other.

3. A combustor unit according to claim 1 or 2, wherein
the at least one first injection unit (27a) of the plurality
of injection units (27) is configured to inject fuel and
air according to a different equivalence ratio and/or
to a different mixing between air and fuel and/or to
a different penetration into the reheat combustion
chamber (23) with respect to the other injection units
(27b, 27c, 27d, 27e).

4. A combustor unit according to anyone of the forego-
ing claims, wherein the geometry of the at least one
first injection unit (27a) of the plurality of injection
units (27) is different from the geometry of the other
injection units (27b, 27c, 27d, 27e) of the plurality of
injection units (27).

5. A combustor unit according to anyone of the forego-
ing claims, wherein the amount of air and/or fuel fed
to the at least one first injection unit (27a) of the plu-
rality of injection units (27) is different from the
amount of air and/or fuel fed to the other injection
units (27b, 27c, 27d, 27e) of the plurality of injection
units (27).

6. A combustor unit according to anyone of the forego-
ing claims, wherein each injection unit (27a, 27b,
27c, 27d) of the plurality of injection units (27) en-
gages a respective hole (28) of the housing (20).

7. A combustor unit according to anyone of the forego-
ing claims, wherein each injection unit (27a, 27b,
27c, 27d) of the plurality of injection units (27) com-
prises a fuel supply line (30) and at least one fuel
nozzle (31) in fluidic communication with the fuel
supply line (30); an air supply line (29) and at least
one air nozzle (32) in fluidic communication with the
air supply line (31); and a conveying tube (33) ex-
tending along an extension axis (C) and provided
with an outlet (35) flowing into the reheat combustion
chamber (23); in the conveying tube (33) air and fuel
coming from the at least one fuel nozzle (31) and air
nozzle (32) are mixed.

8. A combustor unit according to claim 7, wherein the
inlet of the conveying tube (33) coincides with the air
nozzle (32) .

9. A combustor unit according to claim 7 or 8, wherein
the at least one first injection unit (27a) has a con-
veying tube (33a) having a first tube length (La) dif-
ferent from the tube lengths (Lb, Lc, Ld, Le) of the
conveying tubes (33b, 33c, 33d, 33e) of the other
injection units (27b, 27c, 27d, 27e).

10. A combustor unit according to anyone of claims 7-9,

wherein at least one first fuel nozzles (31a) of the at
least one first injection unit (27a) has a first diameter
(Da) different from the diameters (Db, Dc, Dd, De)
of the fuel nozzles (31b, 31c, 31d, 31e) of the other
injection units (27b, 27c, 27d, 27e).

11. A combustor unit according to anyone of claims 7-10,
wherein the at least one first injection unit (27a) has
a first conveying tube (33a) having a first tube width
(Wa) different from the tube widths (Wb, Wc, Wd,
We) of the conveying tubes (33b, 33c, 33d, 33e) of
the other injection units (27b, 27c, 27d, 27e).

12. A combustor unit according to anyone of claims 7-11,
wherein the at least one first injection unit (27a) has
a first air nozzle (32a) having a passage section (Aa)
different from the passage sections (Ab, Ac, Ad, Ae)
of the air nozzles (32b, 32c, 32d, 32e) of the other
injection units (27b, 27c, 27d, 27e).

13. A combustor unit according to claim 12, wherein the
first injection unit (27a) comprises a metering plate
(39) provided with a hole (40) and coupled to the first
air nozzle (32a) to adjust the passage section (Aa)
of the first air nozzle (32a).

14. A combustor unit according to anyone of claims 7-13,
wherein the at least first injection unit (27a) has a
first conveying tube (33a) extending along an exten-
sion axis (C) which is inclined differently from the
extension axes (C) of the conveying tubes (33a, 33b,
33c, 33d, 33e) of the other injection units (27b, 27c,
27d, 27e).

15. Gas turbine assembly comprising:
a compressor (2), a turbine (4) and a combustor as-
sembly (3); the combustor assembly (3) comprising
at least one combustor unit (10) as claimed in anyone
of the foregoing claims.
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