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DESCRIPTION

“GAS TURBINE BURNER”
[0001] . The subject of the invention is a burner intended
for the use of non-conventional fuels in gas turbines,
for example in plant for the production of electrical
energy.
[0002]. Tt is known practice in the industry to use the
term non-conventional fuels to mean fuels different from
those such as natural gas and light gas oil (diesel oil)
usually employed in gas turbines.
[0003]. Currently known solutions for burners for non-
conventional gases are embodied taking into account the
need to burn different mixtures depending on the
conditions of operation of the plant which supplies the
recovered fuel which can be used by the burner or
depending on the requirements of the electrical network
supplied by the plant of which the turbine is part.
[0004] . For example, there is the known case where, on
starting up the gas turbine or when the power demand from
the electrical network is very 1low, burner operation
provides for combustion with a so-called backup mixture,
generally consisting of a mixture of natural gas and
steam or gas oil or gas oil and water, of course together
with air.

[0005]. In nominal conditions, burner operation provides
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for combustion of a primary mixture formed, for example,
of a primary gas and an inert gas, for example steam or
nitrogen, together with air.

[0006]. All of this makes it necessary, in the structure
of a burner, to provide suitable tubes to convey the
various mixtures, in optimum conditions for proper mixing
of the components and for efficient interaction with the
combustion air, to a combustion zone in which combustion
actually occurs.

[0007] . Furthermore, a requirement has arisen recently
for burners to be produced suitable for the combustion of
primary mixtures with widely differing compositions. In
other words, it has become necessary to devise burners
capable of achieving efficient combustion of primary
mixtures which are not of a constant composition.

[0008] . The problem addressed by the invention is that of
devising a burner for gas turbines which has structural
and operating characteristics such as to meet the above-
mentioned requirements and at the same time eliminate the
disadvantages mentioned with reference to the known
technology.

[0009]. This problem is solved by a burner in accordance
with claim 1. Other forms of embodiment of the invention
are described in the dependent claims.

[0010] . The characteristics and advantages of the burner
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according to the invention will become clear from the
following description provided purely by way of a
preferred, non-limiting example, in which:

[0011] . figure 1 shows a view in longitudinal section of
a burner according to the invention;

[0012]. figure 2 shows a view in isometric projection of
the end portion of the burner in figure 1;

[0013]. figures 3a to 3c show respectively a view in
longitudinal section, a front view and a rear view of a
primary mixture channel of the burner in figure 1;

[0014]. figures 4a and 4b show respectively a view in
longitudinal section and a rear view of a nozzle ring of
the primary mixture channel in figure 3a;

[0015]. figure 5 shows a view in section of a detail of
figure 4b;

[0016]. figures 6a and 6b show respectively a view in
longitudinal section and a rear view of a sleeve of the
burner in figure 1, and

[0017]. figure 7 shows a table giving experimental data
regarding the composition, flame velocity and lower
heating value of lean gases used in the burner according
to the invention.

[0018]. With reference to the appended drawings, the
number 1 indicates as a whole a turbine burner intended

particularly for use in association with gas turbines for
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electrical plant.

[0019]. The burner 1 comprises a secondary feed unit
intended to supply a secondary or backup mixture.

[0020]. Said secondary feed unit is capable of supplying
and discharging said secondary mixture from an opening 4
to a combustion zone 6 facing said opening 4.

[0021]. Said secondary mixture comprises, for example,
natural gas and steam. In a further variant, said
secondary mixture comprises gas oil. In a still further
variant, said secondary mixture comprises gas oil and
water.

[0022]. In one form of embodiment, said secondary feed
unit comprises a central tube 8, known as the spray
nozzle, intended for the supply of a secondary mixture
variant, for example composed of gas oil O only, or of
gas oil O and water W. In a further variant, said spray
nozzle 8 is intended for the supply of air A.

[0023] . Furthermore, said secondary feed unit comprises a
gas-steam tube 10, intended for the supply of a further
secondary mixture variant, comprising natural gas Gn and
steam S.

[0024]. The gas-steam tube 10 is connected to a sleeve
11, of substantially cylindrical shape, provided with
gas-steam holes 12 which provide communication between

the inside of said sleeve and the outside of the sleeve.
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[0025]. The gas-steam holes 12 are arranged
circumferentially along the annular wall of the sleeve 11
and have axes which are incident relative to the axis of
the sleeve 11.

[0026]. In a preferred form of embodiment, said gas-steam
holes 12 can be varied in number between 10 and 18. In a
still further form of embodiment, said gas-steam holes
can be varied in number between 12 and 16. In a preferred
embodiment, said gas-steam holes are 12 in number. In a
further variant embodiment, said gas-steam holes are 16
in number.

[0027]. Said gas-steam holes preferably have a constant
angular pitch between the respective centres, for example
equal to 18°.

[0028]. In a preferred embodiment, the sleeve 11 is
connected to a bell-shaped part 13 which closes around
the spray nozzle 8.

[0029]. In a preferred form of embodiment, the secondary
feed unit comprises an axial air tube 14, intended to
supply an axial airflow A'.

[0030]. The gas-steam holes 12 are intended for the
discharge of the secondary gas mixture formed of natural
gas Gn and steam S towards the axial air tube 14.

[0031]. The inclination of the axes of the gas-steam

holes 12 is suitable for spraying said secondary mixture
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towards the wall of said axial air tube 14.

[0032]. In a preferred form of embodiment, said secondary
feed unit provides for a system of vanes 16, preferably
twisted, known as an axial swirler 18.

[0033]. Said vanes 16 are arranged concentrically
relative to the axial air tube 14 and have a radial
extension such as to allow the spray nozzle 8 to be
located centrally.

[0034]. The axial swirler 18 is arranged in the end part
of the axial air tube 14, preferably not welded or
rigidly attached to it.

[0035] . Advantageously, said sliding fit between the
axial air tube 14 and the axial swirler 18 absorbs the
differences in thermal expansion between said axial air
tube 14 and said axial swirler 18.

[0036]. The vanes 16 of the axial swirler 18 are spaced
circumferentially in order to produce swirl passages
between one vane and the next for the axial airflow A'
fed to the combustion zone 6.

[0037]. In a preferred form of embodiment, said secondary
feed unit provides for a baffle 20 preferably arranged
upstream of the axial swirler 18 relative to the
combustion zone 6.

[0038]. Said baffle 20 comprises an annular wall 20a,

preferably cylindrical, extending substantially axially.
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[0039]. The annular wall 20a is preferably arranged to
fit closely against the inner surface of the axial air
tube 14, axially adjacent to the axial swirler 18.

[0040]. Preferably, said baffle 20 is arranged frontally
relative to the gas-steam holes 12 of the gas-steam pipe
10.

[0041]. The burner 1 also comprises a primary feed unit
for the supply of at least one primary combustion mix.
[0042] . For example, said primary mix comprises lean gas,
for example derived from steel-making processes, and
steam.

[0043]. It is emphasised that in the specific sector of
turbine burners, lean gas is taken to mean a gas having a
lower heating value of less than 15,000 kJ/kg in general
containing mainly hydrogen, carbon monoxide, methane and
inert gas (carbon dioxide, nitrogen or steam).

[0044]. The primary feed unit comprises a primary mixture
tube 22 for the supply of the primary mixture.

[0045]. Said primary feed unit also comprises a primary
mixture channel 24 having a fluid flow connection to said
primary mixture tube 22.

[0046]. The primary mixture channel 24 provides for a
nozzle ring 26 to which is connected, preferably by the
outer peripheral edge, an annular wall 28.

[0047]. The annular wall 28 of the primary mixture
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channel 26 forms, at a distance radially from the axial
air tube 14, a cavity 29.

[0048] . The annular wall 28 extends axially far enough to
be close to the combustion zone 6, and is thus able to
feed said primary mixture directly into said combustion
zone 6 facing the axial swirler 18.

[0049]. In a preferred form of embodiment, said annular
wall 28 of the primary mixture channel 24 has a truncated
cone-shaped end portion 30, converging in the direction
of discharge of the primary mixture.

[0050]. The nozzle ring 26 has a plurality of primary
mixture holes 32, passing through said ring, so as to
provide fluid flow communication between the primary
mixture tube 22 and the cavity 29 between the annular
wall 28 of the primary mixture channel 24 and the axial
air tube 14.

[0051]. In a preferred form of embodiment, said primary
mixture holes 32 are organised so that the centres lie on
two concentric circumferences, on which said holes are
angularly staggered.

[0052] . For example, said nozzle ring 26 has forty
primary mixture holes 32 on each circumference, spaced
apart, on each circumference, so as to have an angular
pitch of 9°.

[0053]. Advantageously, the primary mixture coming £from
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the primary mixture tube 22 passes through said primary
mixture holes 32 assuming a turbulent swirling motion as
far as the combustion zone 6.

[0054]. In one form of embodiment, said primary mixture
channel 24 has an axial 1length L equal to 182.9 mm
(figure 3a) and said primary mixture holes have an axis
inclined as described above by an angle B equal to 17°
(figure 5).

[0055]. In a further form of embodiment, said primary
mixture channel 24 has an axial length L equal to 194.85
mm (figure 3a) and said primary mixture holes have an
axis inclined as described above by an angle B equal to
12° (figure 5).

[0056] . Furthermore, said primary feed unit comprises an
assembly of vanes 34, preferably twisted, known as a
diagonal swirler 36, arranged concentrically with the
primary mixture channel 24.

[0057]. The diagonal swirler 36 is intended to convey a
diagonal airflow A'' to the combustion zone 6.

[0058]. The vanes 34 of said diagonal swirler 36 are
arranged spaced circumferentially so as to produce swirl
passages through which the diagonal airflow A'' is given
swirl and turbulence so as to be suitable for effective
combustion.

[0059]. In one form of embodiment, the burner 1 also
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comprises a pilot unit.

[0060]. Preferably said pilot unit comprises one or more
pilot tubes 42 capable of supplying natural gas in
particular operating situations of the turbine which may
be associated with the burner 1, such as cases of
shedding of the electrical load or reduction in the power
required by the network.

[0061] . Furthermore, said burner 1 comprises at least one
pair of igniters 44.

[0062]. In a first operating condition, for example on
starting up the turbine, the burner 1 is used in a first
combustion condition, known as natural gas backup.

[0063]. In this condition, the burner 1 is supplied with
a secondary mixture formed of natural gas and steam which
is discharged from the gas-steam holes 12 of the sleeve
11.

[0064] . The secondary flow is struck by the axial airflow
A' coming from the axial air tube 14.

[0065] . The mixture thus formed of air, steam and
natural gas passes through the axial swirler 18 and
reaches the combustion zone 6. There, combustion is
further sustained by the diagonal airflow A'' coming from
the diagonal swirler 36.

[0066]. The baffle 20 arranged axially upstream and

adjacent to the axial swirler 18 prevents part of the
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inflammable secondary mixture, for example part of the
steam-natural gas mixture, from being drawn towards the
cavity 29 causing undesirable and harmful explosions when
changing over from backup operation to nominal operation.
[0067]. In a further operating condition on starting up
the turbine, the burner is used in a further backup
combustion condition, known as gas oil backup.

[0068]. In this condition, the burner 1 is supplied with
a secondary mixture formed of gas oil O and water W or of
gas oil O only, exiting to the combustion zone 6 through
the spray nozzle 8.

[0069]. The secondary mixture is struck by the axial
airflow A' coming from the axial air tube 14 through the
axial swirler 18 and by the diagonal airflow A'' coming
from the diagonal swirler 36.

[0070]. In the so-called nominal operating condition, the
burner 1 is supplied with a primary mixture formed of
primary gas, for example lean gas, and steam, pre-mixed
upstream of the nozzle channel 24.

[0071] . The primary mixture passes through the primary
mixture holes 32 of the nozzle ring 26 which imparts to
said primary mixture a swirling and turbulent motion
along the cavity 29 wuntil, maintaining this wvigorous
swirling motion, it arrives directly at the combustion

zone 6 facing the outlet of the axial swirler 18.
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[0072]. This swirl and turbulence of the primary mixture
are not damped by structural discontinuities in the
nozzle channel 26, such as projections, 1lobes and
similar.

[0073]. Furthermore, the end portion 30 of the annular
wall 28 of the primary mixture channel 24, of truncated
cone shape, intensifies this swirl by reducing the cross-
section through which the flow passes.

[0074]. The primary mixture exiting from the primary
mixture channel 24 directly to the combustion zone 6 is
also struck by the axial airflow A' coming from the axial
swirler 18, and by the diagonal airflow A'', coming from
the diagonal swirler 36.

[0075]. The embodiment described above achieves high
swirl numbers, the term swirl number, as is known in the
sector, denoting a characteristic fluid-dynamics
parameter derived from the ratio between the moment of
the quantity of tangential motion and that of axial
motion of the moving fluid.

[0076]. Said high swirl numbers are within a range of
values of between 2 and 3, while typical values in the
known technology are equal to 0.8.

[0077]. The embodiment described above has shown
excellent operation in nominal conditions of the burner

even with primary mixtures having an extremely variable
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composition. This is because the high degree of
turbulence and swirl generated by the geometry of the
burner maintain a stable flame front even for lean
hydrogen primary mixtures.

[0078]. In a further operating condition known as load
shedding, in general resulting from disconnection of the
plant from the electrical network or from an unexpected
drop in the power required by the network, the burner is
supplied with natural gas by the pilot tubes 42.

[0079]. The natural gas in the combustion zone 6 1is
struck by the axial airflow A' and by the diagonal
airflow A''.

[0080] . Unusually, the burner according to the invention
has proved capable of achieving efficient combustion even
when supplied with primary mixtures varying in
composition and above all in the case of primary mixtures
characterised by low hydrogen content.

[0081] . For example, results of experiments carried out
have shown that there are no undesirable phenomena such
as flame separation, backfiring or pressure fluctuations
induced by the combustion (the phenomenon generally known
as humming) .

[0082]. In particular, the table given in figure 7 shows
the composition and characteristics of the fuels used in

gas turbines when supplying the burner according to the
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invention with a primary mixture containing lean gas
having a different composition. The last two columns on
the right of the table also give the values calculated
for flame velocity and for lower heating value.

[0083] . The burner according to the invention has shown
excellent combustion capabilities with primary mixtures
containing lean gas with a percentage of molecular
hydrogen H; varying from 2% by volume to about 30% by
volume.

[0084] . The burner has also shown excellent combustion
capabilities with flame velocities of between 0.3 m/s and
1.6 m/s.

[0085] . Moreover, the burner has shown excellent
combustion capabilities with gases having a low calorific
value, between 7.3 MJ/Kg and 10.0 MJ/Kg, it being
generally recognised in the industry that a gas 1is
defined as having low calorific value up to a value of 15
MJ/kg.

[0086] . According to a further advantageous aspect, the
extended primary mixture channel, which directly supplies
the primary mixture to the combustion zone facing the
axial swirler, avoids the formation of residues,
generally metallic such as iron and nickel powders, due
to the presence of contaminants in the fuel which,

particularly in some solutions in the known technology,
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are deposited on the axial swirler, requiring lengthy and
difficult maintenance and/or repair work.

[0087]. According to a further advantageous aspect, the
baffle arranged upstream of the axial swirler in the
axial air tube prevents an inflammable mixture from being
drawn towards the cavity which, when changing over from
backup operation to nominal operation, would lead to
undesirable and dangerous explosions.

[0088] . According to a further advantageous aspect, the
number of the gas-steam holes in the sleeve maintain a
large difference in pressure between the gas-steam pipe
and the cavity, limiting the moving back of turbulence
and instability from said cavity towards the gas-steam
pipe.

[0089] . Finally, according to a still further
advantageous aspect, the primary mixture channel is of
simple construction and can be used in place of designs
already in operation to improve their efficiency.

[0090]. It is clear that a person skilled in the art, for
the purpose of meeting incidental and specific
requirements, will be able to make numerous changes and
produce numerous variants to the burner described above,
without thereby departing from the scope of the invention

as defined in the following claims.
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CLAIMS
1. A turbine burner (1) comprising
- a secondary feed unit for the supply of a secondary or
backup mixture and the discharge of said mixture from an
opening (4) to a combustion zone (6) facing said opening
(4);
- a primary supply unit comprising a primary mixture
channel (24) intended for the supply of said primary
mixture, arranged concentrically with said secondary feed
unit;
said burner (1) being characterised in that said primary
mixture channel (24) comprises an annular wall (28)
capable of conveying said primary mixture directly to
said combustion zone (6) facing said opening (4).
2. A burner according to claim 1, in which said secondary
feed unit comprises an axial air tube (14) terminating in
an axial swirler (18).
3. A burner according to claim 2, in which said annular
wall (28) of the primary mixture channel (24) conveys
said primary mixture directly downstream of the opening
(4) of said axial swirler (18).
4. A burner according to any one of the preceding claims,
in which said annular wall (28) of the primary mixture
channel (24) has a truncated cone-shaped end portion

(30), converging in the direction of discharge of the
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primary mixture.

5. A burner according to any one of the preceding claims,
in which said primary mixture channel (24) comprises a
nozzle ring (26) provided with primary mixture holes (32)
having axes not parallel to the axis of said ring.

6. A burner according to claim 5, in which said primary
mixture holes have an axis inclined by an angle (B) equal
to 17°.

7. A burner according to claim 6, in which said primary
mixture channel has an axial length (L) equal to 182.8
mm.

8. A burner according to claim 5, in which said primary
mixture holes have an axis inclined by an angle (B) equal
to 12¢°.

9. A burner according to claim 8, in which said primary
mixture channel has an axial length (L) equal to 194.85
mm.

10. A burner according to any one of the preceding
claims, in which said secondary feed unit comprises a
sleeve (11) connected to a gas-steam tube (10) intended
for the supply of a secondary mixture comprising natural
gas (Gn) and steam (S), said sleeve (11) comprising gas-
steam holes (12).

1l1. A burner according to claim 10, in which said gas-

steam holes are twelve in number.
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12. A burner according to claim 10, in which said gas-
steam holes are sixteen in number.

13. A burner according to claim 10, in which said gas-
steam holes face towards a baffle (20) capable of
preventing this secondary mixture from being drawn to the
primary mixture channel (24).

14. A burner according to any one of the preceding claims
in which said secondary feed unit comprises a spray
nozzle (8) intended for the supply of a secondary mixture
composed of gas o0il (0) or gas oil and water (O+W) or
intended for the supply of air (A).

15. A burner according to any one of the preceding
claims, also comprising a pilot unit comprising a
plurality of pilot tubes (42) capable of supplying
natural gas (Gn).

16. A burner according to any one of the preceding
claims, comprising at least one pair of igniters (44).

17. A burner according to any one of the preceding

claims, also comprising a diagonal swirler (36).
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Lean H, (o]0) H,0 N, CO, CH, Flame Lower

gas [%vol] | [%evol] | [%vol]l | [%vol] | [%vol] | [%vol] | velocity | heating
[m/s] value

[MJ/kg] |
A 27 33 35 2 3 - 1.60 8.60
B 9 16 - 46 14 15 0.39 7.30
C 10 10 26 25 8 21 0.35 10.00
D 2 17 - 48 14 19 0.30 7.30
Figure 7

SUBSTITUTE SHEET (RULE 26)
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