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Description
TECHNICAL FIELD

[0001] The present invention relates to a burner of a
gas turbine for a reactive fuel air mixture.

BACKGROUND ART

[0002] In particular, the present invention relates to a
sequential combustion gas turbine, which comprises a
compressor for compressing a main air flow, a first burner
for mixing a first fuel with the main air flow and generating
a first mixture to be combusted, a high pressure turbine
where the gases coming from the first burner are expand-
ed, a second burner where a second fuel is injected in
the already expanded gases to generate a second mix-
ture to be combusted, and a low pressure turbine where
also the gases coming from the second burner are ex-
panded and are discharged.

[0003] Specifically the burner of the present invention
is the second burner of the sequential combustion gas
turbine.

[0004] As known in the art, as the fuel is usually rich
in carbon, the exhausted gases discharged by the tur-
bines are rich in CO,.

[0005] In order to reduce the percentage of CO, in the
exhausted gasses discharged by the turbines, the fuel
(such as coal or oil) may be submitted to a gasification
and subsequent processes, such that the percentage of
H, within the fuel gas is increased with respect to the
amount of carbon; the fuel so obtained (which is then fed
to the gas turbines) has a percentage of H, which is much
greater than for a regular natural gas.

[0006] Suchafuel canbeadvantageously usedtofeed
a gas turbine because, as it contains a low percentage
of carbon (with respect to the percentage of H,), after
combustion the exhausted gases also contain a low per-
centage of CO,.

[0007] Nevertheless, fuel air mixtures rich in H, (i.e.
hydrogen) are very reactive and thus, in order to avoid
flashback (i.e. auto ignition of the fuel/air mixture in the
mixing zone), they must be kept in the mixing zone only
for a short time (short residence time).

[0008] Nevertheless, if the fuel remains in the mixing
zone of the burner only for a short time, the fuel/air mixing
quality is poor and this causes high NO, emissions.

SUMMARY OF THE INVENTION

[0009] The technical aim of the present invention is
therefore to provide aburner of a gas turbine for areactive
fuel air mixture by which the said problems of the known
art are eliminated.

[0010] Within the scope of this technical aim, an object
of the invention is to provide a burner that may use high
reactivity fuel air mixtures with no flashback risks and, at
the same time, which allows a good fuel/gas mixing qual-
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ity in order to have low NO, emissions.

[0011] The technical aim, together with these and fur-
ther objects, are attained according to the present inven-
tion by providing a burner of a gas turbine for reactive
fuel air mixtures in accordance with the accompanying
claims.

[0012] Advantageously, the burner of the invention al-
so has a ductthatis shorter than the duct of the traditional
burners. This allows a more efficient turbine to be man-
ufactured, because the zone to be cooled is smaller.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Further characteristics and advantages of the
invention will be more apparent from the description of a
preferred but non-exclusive embodiment of the burner
according to the invention, illustrated by way of non-lim-
iting example in the accompanying drawings, in which:

Figure 1 is a schematic top view of a burner accord-
ing to the present invention;

Figure 2 is a schematic view of the burner of the
invention from the outlet of the duct;

Figure 2A is a schematic view of the burner of the
invention from the outlet of the duct in a different
embodiment, with nozzles staggered with respect to
each other;

Figure 3 is a schematic cross section of a side-by-
side fuel injector element different from the one
shown in figures 1 and 2, in this figure the internal
pipes for feeding fuel gases, fuel oil and air to the
nozzles are not shown in detail because they are of
conventional type;

Figures 4 and 5 are respectively a side view and a
rear view of the side-by-side fuel injector element
shown in figure 3;

Figure 6 is a schematic longitudinal cross section of
the fuel injector side-by-side element of figure 3, also
in this figure the internal pipes for feeding fuel gases,
fuel oil and air to the nozzles are not shown in detail
because they are of conventional type;

Figure 7 is a schematic perspective view of the side-
by-side element of figure 3, also in this figure the
internal pipes for feeding fuel gases, fuel oil and air
to the nozzles are not shown in detail because they
are of conventional type; and

Figure 8 is a view from the outlet of the duct of a
burner provided with the side-by-side fuel injector
elements shown in figures 3-7.

DETAILED DESCRIPTION OF THE INVENTION

[0014] With reference to the figures, these show a
burner of a gas turbine for a reactive fuel air mixture over-
all indicated by the reference 1.

[0015] In particular, the burner 1 is the second burner
of a sequential combustion gas turbine.

[0016] The burner 1 comprises a duct 2 having a sub-
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stantially rectangular cross section or an annular sector
cross section.

[0017] The duct 2 houses a plurality of transversally
side-by-side fuel injector elements 3 arranged to condi-
tion a compressed air flow 5 entering from an inlet 6 of
the duct 2; this let the remaining swirl after the high pres-
sure turbine be removed and create turbulence to en-
hance fuel- hot gas mixing.

[0018] The side-by-side elements 3 are also provided
with nozzles 7, 8 for ejecting at least a fuel to form a
mixture to be combusted.

[0019] Preferably the nozzles are able to inject a liquid
fuel such as oil (through and inner opening), a gaseous
fuel (through an intermediate annular opening coaxial
with the inner opening) and air (through an outer annular
opening coaxial with the inner and the intermediate open-
ings); for sake of simplicity the enclosed figures do not
show the internal pipes of the side-by-side elements for
feeding the nozzles.

[0020] The side-by-side elements 3 extend between
two opposite lateral walls of the duct 2 and are provided
with conduits for feeding the nozzles with liquid/gaseous
fuel and air; these conduits are connected at one of the
ends of the side-by-side elements 3 to pipes (not shown)
for feeding the liquid/gaseous fuel and air to be injected
through the nozzles 7, 8.

[0021] Preferably the duct 2 has an annular sector
cross section and the side-by-side elements extend ra-
dially.

[0022] Each side-by-side element 3 has an elongated

cross section extending along an axis 11 parallel to a
longitudinal axis 12 of the burner 1; in different embodi-
ments the axes 11 and 12 are not parallel.

[0023] As shown in the figures, the side-by-side ele-
ments are shaped as symmetrical wings.

[0024] Forexample these wings have afluetelike cross
section which is aerodynamically optimised.

[0025] In addition, the side-by-side elements 3 have a
symmetrical cross section with respect to the axis 11 par-
allel to the longitudinal axis 12 of the burner 1; advanta-
geously the maximum width of the side-by-side elements
is 25 millimetres.

[0026] The lateral walls of each side-by-side element
3 (i.e. the two walls opposite with respect to the longitu-
dinal axis 11 of the side-by-side elements 3) have a
curved front part 14 and a rear part 15 which may be
either plane or curved according to the needs. The em-
bodiment with plane rear part 15 is preferred because,
in normal working conditions, it ensures a better flow of
the fuel air mixture.

[0027] The plane rear parts 15 of two adjacent (i.e.
next) side-by-side elements 3 form an angle B less than
13° and preferably comprised between 5-10°. This value
ofthe angle B prevents the flow separation from the walls
of the side-by-side elements 3.

[0028] The front parts 14 of each side-by-side element
3 define a leading edge 17.

[0029] In a preferred embodiment of the invention, the
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distance D between the leading edges 17 of two adjacent
(i.e. next) side-by-side elements 3 is less than 150 milli-
metres and preferably it is comprised between 30-100
millimetres; this value of the distance D allows a good
conditioning of the flow coming from the high pressure
turbine and also guarantees low pressure drops.

[0030] In addition the burner walls are also optimised
to adjust the flow field according to the needs (i.e. best
possible mixing, no flow separation).

[0031] Inthe embodimentoffigures 1and2 the nozzles
7 of the side-by-side elements 3 are located at a rear
edge 19 between the plane rear parts 15; in particular
the nozzles 7 are located along all of the edge 19, in order
to inject fuel spreading in a large area.

[0032] These nozzles 7 are arranged to inject the fuel
along the longitudinal axis 11 of each element 3.
[0033] In addition, the side-by-side elements 3 of the
embodiment of figures 1 and 2 also have nozzles 8 which
are located at the lateral walls (for instance at the front
part 14 or the rear part 15 of the lateral walls or between
these portions).

[0034] Also the nozzles 8 are located along all of the
lateral walls (parallel to the edge 19), in order to allow
fuel spreading in a large area.

[0035] Specifically, the nozzles 8 are symmetrically lo-
cated at the lateral walls with respect to the longitudinal
axis 11; in a different embodiment the nozzles 8 are not
symmetrically located with respect to the longitudinal axis
11 but have an asymmetrical disposition.

[0036] The nozzles 8 are arranged to inject fuel along
an axis which is inclined of an angle C with respect to
the longitudinal axis 11 of the side-by-side elements 3;
the angle Cis less than 90° and preferably less than 45°.
[0037] The embodiment of figure 2A is similar to that
of figure 2 and, in addition, it is provided with nozzles 8
which are located at the lateral walls which are staggered
with each other, in order to achieve a better mixing.
[0038] Figures 3-8 show a further embodiment of the
burner of the invention.

[0039] This burner has the same features already de-
scribed for the embodiment of figures 1 and 2 and, in this
respect, similar elements are indicated by the same ref-
erences.

[0040] In addition, the side-by-side elements 3 of this
embodiment of the invention have one or more vortex
generators for increasing the vorticity of the air flow in
the zones of the nozzles and improve mixing.

[0041] In particular, the vortex generators comprise
fins 25 for increasing the vorticity of the air flow (in par-
ticular figures 3-8 show side-by-side elements 3 provided
with three fins 25 on each lateral wall); these fins 25 pref-
erably have a curved shape.

[0042] As shown in the figures, each rear nozzle 7 of
the side-by-side elements 3 cooperates with two fins 25
which are placed on opposite walls of the side-by-side
element 3.

[0043] Specifically, each two fins 25 which cooperate
with a rear nozzle 7 extend along directions converging
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towards the same rear nozzle 7.

[0044] Moreover, the converging fins 25 do not inter-
sect with each other, but they have their terminal portions
27 that are placed on opposite sides of the corresponding
rear nozzle 7.

[0045] The side-by-side elements 3 shown in figures
3-8 are not provided with nozzles at their lateral walls,
nevertheless in further different embodiments such noz-
Zles at the lateral walls may be present.

[0046] In a different embodiment of the invention (not
shown in the figures) the side-by-side elements are ar-
ranged in two or more adjacent rows (i.e. two or more
next rows) and may be provided or not with the fins 25.
[0047] In other words the burner according to this em-
bodiment has the duct which houses a first row of side-
by-side elements; this first row of side-by-side elements
may for example have the same features already de-
scribed with reference to the embodiment of figures 1-2
or 3-8 and thus it may comprise three side-by-side ele-
ments.

[0048] Downstream of this first row of side-by-side el-
ements, this burner has a second row of side by side
elements which may have the same features already de-
scribed with reference to the embodiment of figures 1-2
or 3-8.

[0049] Inaddition the first row and the second row may
have either the same number of side-by-side elements,
which are aligned with one another or not, or a different
number of side-by-side elements, which are aligned with
one another or not.

[0050] Upstream of the side-by-side elements 3, the
burner 1 may also be provided with a conditioning device
for the compressed air flow.

[0051] Moreover, the nozzles 7 and/or the nozzles 8
may be provided with sleeves to enhance penetration
and to avoid flame attachment in the wake flow.

[0052] The operation of the burner of the invention is
apparent from that described and illustrated and is sub-
stantially the following.

[0053] The flow 5 of compressed air (also comprising
exhausted gasses) coming from the high pressure tur-
bine enters the duct 2 and passes through the side-by-
side elements 3.

[0054] The side-by-side elements 3 define between
each other a path which drives the compressed air flow
5 and let it be conditioned; in other words they generate
uniform conditions of the flow inside the duct 2 independ-
ently of the upstream conditions caused by the high pres-
sure turbine.

[0055] Inaddition, the side-by-side elements also gen-
erate vorticity (in particular at their rear edge 19); this
vorticity let the fuel very efficiently mix with the com-
pressed air flow.

[0056] As the side-by-side elements 3 only generate
a small pressure drop in the compressed air flow (when
compared to the traditional burners that have condition-
ing devices, vortex generators and lance), the com-
pressed air flow passing through the burner 1 may have
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a very high velocity (higher than the velocity in traditional
burners), such that the fuel injected in the main com-
pressed air flow only remains in the mixing zone of the
burner (i.e. in the zone of the burner downstream of the
side-by-side elements) enough time to let the fuel be
mixed to the air, but not to a too long time to avoid flash-
back.

[0057] Tests showed thatanincrease ofthe main com-
pressed air flow velocity by 40 to 100% could be achieved
compared to the velocity of traditional burners (with con-
ditioning element, vortex generators and lance) at the
same pressure drop over the burner.

[0058] In addition, as the fuel is injected by a plurality
of nozzles spread in the whole volume of the burner (for
instance the embodiment of figures 1-2 has 45 nozzles
and the embodiment of figures 3-8 has 9 nozzles whereas
traditional lances have only four nozzles), the fuel is in-
jected in small amount directly in zones of the burner
where air for mixing is available. This lets mixing of fuel
with air improve even if the residence time of the fuel in
the mixing zone of the burner is short and leads to a better
distribution of fuel right in the injection plane.

[0059] In addition, the fins 25 (in the embodiment of
figures 3-8) direct the flow towards the nozzles and thus
they further improve mixing of the fuel with the air.
[0060] In practice the materials used and the dimen-
sions can be chosen at will according to requirements
and to the state of the art.

REFERENCE NUMBERS
[0061]

1 burner

2 duct

3 side-by-side fuel injector elements

5 compressed air flow

6 inlet

7, 8 nozzles

11 axis of the side-by-side elements

12 axis of the burner

14 curved front part of the side-by-side element wall
15 rear part of the side-by-side element wall

17 leading edge

19 rear edge

25 vortex generators/fins

D distance between leading edges of two adjacent
side-by-side elements

B angle between plane rear parts of two adjacent
side-by-side elements

C angle between the axis of the nozzles 8 and the
longitudinal axes 11 of the side-by-side elements

Claims

1. Burner (1) of a gas turbine for a reactive fuel air mix-
ture, characterised by comprising a duct (2) hous-
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ing a plurality of transversally side-by-side elements
(3), arranged to condition a compressed air flow (5)
entering from an inlet (6) of the duct (2), said side-
by-side elements (3) also being provided with noz-
Zles (7, 8) for injecting at least a fuel to form a mixture
to be combusted.

Burner (1) as claimed in claim 1, characterised in
that each side-by-side element (3) has an elongated
cross section extending along an axis (11) parallel
or not parallel to a longitudinal axis (12) of the burner

(1).

Burner (1) as claimed in claim 2, characterised in
that each side-by-side element (3) has a symmetri-
cal cross section along an axis (11) parallel to the
longitudinal axis (12) of the burner (1).

Burner (1) as claimed in claim 3, characterised in
that the lateral walls of each side-by-side element
(3) have at least a curved front part (14) and a plane
rear part (15), wherein the plane rear parts (15) of
two adjacent side-by-side elements (3) forman angle
less than 13° and preferably comprised between
5-10°.

Burner (1) as claimed in claim 4, characterised in
that the front parts (14) of each side-by-side element
(3) define a leading edge (17), wherein the distance
(D) between the trailing edges (17) of two adjacent
side-by-side elements (3) is less than 150 millimetres
and preferably comprised between 30-100 millime-
tres.

Burner (1) as claimed in claim 1, characterised in
that the nozzles (7) of each side-by-side element (3)
are located at a rear edge (19) and are arranged to
inject the fuel along a longitudinal axis (11) of each
side-by-side element (3).

Burner (1) as claimed in claim 1 or 6, characterised
in that the nozzles (8) of each side-by-side element
(3) are located at the lateral walls and are arranged
to inject fuel along an axis which is inclined with re-
spect to a longitudinal axis (11) of the side-by-side
element (3).

Burner (3) as claimed in claim 7, characterised in
that the axis of each nozzle (8) at the lateral walls
of the side-by-side elements (3) is inclined with re-
spect to the longitudinal axis (11) of the side-by-side
element (3) less than 90° and preferably less than
45°,

Burner (1) as claimed in claim 1, characterised in
that said side-by-side elements (3) have at least a
vortex generator for increasing the vorticity in the air
flow (5).
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10.

11.

12.

13.

14.

15.

16.

Burner (1) as claimed in claim 9, characterised in
that said at least a vortex generator comprises at
least a fin (25).

Burner (1) as claimed in claim 6 and 10, character-
ised in that each nozzle (7) at a rear edge (19) of
said side-by-side elements (3) cooperates with at
least two fins (25) placed on opposite walls of the
side-by-side element (3).

Burner (1) as claimed in claim 11, characterised in
that said at least two fins (25) cooperating with a
nozzle (7) at a rear edge (19) of said side-by-side
elements (3) extend along directions converging to-
wards the same nozzle (7).

Burner (1) as claimed in claim 12, characterised in
that said convergingfins (25) have their terminal por-
tions placed on opposite sides of the corresponding
nozzle (7).

Burner (1) as claimed in claim 1, characterised in
that said side-by-side elements (3) are arranged in
two or more adjacent rows.

Burner (1) as claimed in claim 1, characterised by
comprising a conditioning device for the compressed
air flow upstream of said side-by-side elements (3).

Burner (1) as claimed in claim 1, characterised by
being the second burner of a sequential combustion
machine.
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