EP 3 029 379 A1

(1 9) Europaisches

Patentamt
European
Patent Office
Office européen

des brevets

(11) EP 3 029 379 A1

(12) EUROPEAN PATENT APPLICATION

(43) Date of publication:
08.06.2016 Bulletin 2016/23

(21) Application number: 14196154.0

(22) Date of filing: 03.12.2014

(51) IntClL:

F23R 3/34(2006.01) F23D 11/10 (2006.01)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC MKMT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

(71) Applicant: Siemens Aktiengesellschaft
80333 Miinchen (DE)

(72) Inventors:

* Dolmansley, Timothy

Shireoaks, Worksop, S81 8NA (GB)
¢ Nilsson, UIf

Whetstone, Leicester, LE8 6HN (GB)

(74) Representative: Maier, Daniel Oliver

Siemens AG
Postfach 22 16 34
80506 Miinchen (DE)

(54)  Pilot liquid fuel lance, pilot liquid fuel system and method of use

(67)  Aliquid fuel lance 156 for a burner 30 of a com-
bustor 16 of a gas turbine combustor, a liquid fuel system
incorporating the liquid fuel lance and a method of oper-
ating the liquid fuel system are disclosed. The liquid fuel
lance 156 comprises an elongate liquid fuel lance body
168 and a liquid fuel tip 172. The elongate liquid fuel
lance body 168 comprises a fuel flow passage 170 and
atleastafirst airpassage 130A and a second air passage
130B, 130C. Aliquid fuel tip 172 defines a fuel outlet 186
and arranged about the fuel outlet 186 at least a first
outlet 190A and a second outlet 190B, 190C to which air
is independently supplied by the first air passage 130A
and the second air passage 130B, 130C respectively,
and wherein the amount of air supplied to the first air
passage 130A is variable.

- - 9
|SG
-3 E
198A , 1888 138C
d 19oA 1008, 1%0c
18 AT o
Fig. 8

hoe

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 029 379 A1 2

Description

FIELD OF INVENTION

[0001] The present invention relates to combustion
equipment of a gas turbine engine and in particular a pilot
liquid fuel lance and a pilot liquid fuel system for a burner
arrangement of the combustion equipment, and a meth-
od of operating the pilot liquid fuel system.

BACKGROUND OF INVENTION

[0002] Gas turbines including dry low emission com-
bustor systems can have difficulty lighting and performing
over a full load range when using liquid fuels. Often this
can be because of fuel placement and subsequent at-
omization of the fuel in mixing air flows particularly at low
loads and engine start-up. Ideally, the fuel droplets need
to be very small and injected into an appropriate part of
the airflow entering the combustor’s pre-chamber in the
vicinity of a burner arrangement to burn in the correct
flame location. Also the fuel droplets should not contact
any wall surface but at the same time the fuel droplets
need to be delivered close enough to the igniter so that
the igniter can ignite the vaporised fuel particularly on
start up. If the fuel droplets contact a surface this can
lead to carbon deposits building up or lacquers forming
and which can alter airflow characteristics or even block
air and/or fuel supply holes.

[0003] The liquid pilot injection lance can have addi-
tional air assistance to aid atomisation of the liquid fuel
over a range of fuel flows. This air assistance can be a
supplied via a number of air outlets completely surround-
ing a fuel orifice or filmer. This liquid pilot injection lance
is in a region prone to liquid fuel contact and as a result
tends to incur carbon deposits. These carbon deposits
block the air assistance holes and subsequently prevent
successful atomisation of the fuel. Poor atomisation of
the pilot fuel also causes problems with ignition of the
fuel at start-up. The carbon deposits can even prevent
the engine from restarting. Further, carbon deposits can
lead to liquid fuel being injected against the combustor
walls or burn in the wrong place and which can lead to
burn out of components. This is a common fault with gas
turbine fuel injection systems and carbon build up is a
common problem. Consequently, liquid pilot injection
lances are regularly replaced and are considered a con-
sumable part. This is undesirable because such replace-
ment is expensive, causes the gas turbine to be off-line
halting supply of electricity or power for example, and
can be unscheduled.

SUMMARY OF INVENTION

[0004] One objective of the present invention is to pre-
vent carbon deposits forming on components. Another
objective is to prevent carbon deposits forming on a fuel
lance of a combustor. Another objective is to improve the
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reliability of igniting the fuel in a combustor. Another ob-
jective is to improve the entrainment of fuel droplets in
an air flow. Another objective is to improve the atomisa-
tion of liquid fuel in a combustor. Another objective is to
prevent liquid fuel contacting a surface within the com-
bustor. Another objective is to reduce or prevent sched-
uled or unscheduled shut down of the engine for main-
tenance attributed to replacing or cleaning combustor
components subject to carbon deposits and particularly
the liquid fuel lance. Another objective is to increase the
service life of the liquid lance. It is another objective to
enable the fuel lance closer to the igniter and make igni-
tion more reliable.

[0005] Forthese and other objectives and advantages
there is provided a liquid fuel lance for a burner of a com-
bustor of a gas turbine combustor, the liquid fuel lance
has a longitudinal axis and comprises an elongate liquid
fuel lance body and a liquid fuel tip, the elongate liquid
fuel lance body comprises a fuel flow passage and at
least afirst air passage and a second air passage, a liquid
fuel tip defines a fuel outlet and arranged about the fuel
outlet at least a first outlet and a second outlet to which
air is independently supplied by the first air passage and
the second air passage respectively, and wherein the
amount of air supplied to the first air passage is variable.
[0006] The first air passage and the second air pas-
sage may extend approximately parallel to the longitudi-
nal axis.

[0007] The first air passage and the second air pas-
sage may be helical about the longitudinal axis.

[0008] The first air passage and the second air pas-
sage may be helical about the longitudinal axis at least
180°.

[0009] The first air outlet may extend about the axis an
angle in the range and including 30° and 160°.

[0010] The first air outlet may extend about the axis an
angle of 120°.
[0011] The at least a first outlet and the second outlet

and the first air passage and the second air passage may
constitute a first air assist supply, and a second air assist
supply may comprise at least first outlet and second outlet
to which air is independently supplied by a first air pas-
sage and a second air passage respectively, and wherein
the amount of air supplied to the first air passage of the
second air assist supply is variable.

[0012] In a second embodiment of the present inven-
tion there is provided a liquid fuel system comprising the
liquid fuel lance as described above and an air supply
control arrangement, the air supply control arrangement
having a valve means and a valve controller arranged to
control the valve means, the valve means is arranged to
operate at least the first air passage between a closed
and an open position.

[0013] The valve means may be arranged to operate
at least the second air passage between a closed and
an open position.

[0014] The valve means may comprise at least a first
valve arranged to vary air flow into the at least the first
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air passage and a second valve arranged to operate the
second air passage, wherein the first and second valves
are in series with one another.

[0015] The valve means may comprise at least a first
valve arranged to vary air flow into the at least the first
air passage and a second valve arranged to operate the
second air passage, wherein the first and second valves
are in parallel with one another.

[0016] In a third aspect of the present invention there
is provided a method of operating the liquid fuel system
as described above wherein the method comprises the
step of supplying a total air flow to the at least first air
passage and second air passage, adjusting the valve
means to supply the first air passage with 5% to 25% of
the total air flow.

[0017] The liquid fuel system may comprise a plurality
of liquid fuel injectors, the method comprises the step of
adjusting the valve means to supply the first air passages
with 5% to 25% of the total air flow to the plurality of liquid
fuel injectors.

[0018] The method may comprise the step of adjusting
the valve means to supply the first air passage with 5%
to 25% of the total air flow during engine start-up or weak
extinction.

[0019] The method may comprise the step of adjusting
the valve means to supply the first air passage with ap-
proximately equal amounts of the total air flow during
normal engine running.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] Further features, properties and advantages of
the presentinvention will become clear from the following
description of embodiments in conjunction with the ac-
companying drawings.

FIG. 1 is a schematic illustration of part of a turbine
engine in a sectional view in which the present in-
vention may be incorporated,

FIG. 2 shows a perspective schematic view of a sec-
tion of a combustor unit of the turbine engine and in
detail a burner arrangement including a pilot burner
surrounded by a main burner, the pilot burner having
an igniter and a conventional liquid fuel lance, how-
ever, the conventional liquid fuel lance may be re-
placed with a pilot fuel system including a liquid fuel
lance in accordance with present invention,

FIG. 3 shows a schematic perspective and cut-away
view of part of the pilot burner and in detail the con-
ventional liquid fuel lance which may be replaced
with a pilot fuel system including a liquid fuel lance
in accordance with present invention,

FIG. 4 is a view along a combustor axis and onto the
surface of the burner where the pilot burner is gen-
erally surrounded by the main burner having a pilot
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fuel system including a liquid fuel lance in accord-
ance with present invention,

FIG.5 and FIG.6 show sectional views of the main
air flow along paths A-A and B-B respectively as
shown in FIG.4 and illustrates respective distribu-
tions of fuel droplets issuing from the liquid fuel lance
in accordance with the present invention,

FIG. 7 is a view on a tip of the conventional liquid
fuel lance and generally along its axis showing an
array of outlets arranged symmetrically around a fuel
outlet; the array of outlets directs a pilot air flow to
impinge on, shearing and atomizing a liquid fuel film;
the pilot fuel/air vortex formed rotates clockwise,

FIG. 8is a section through part of the liquid fuel lance
in accordance with an exemplary embodiment of the
present invention,

FIG.9 is a section E-E shown in FIG.8 of a tip of the
liquid fuel lance and generally along its axis showing
an array of air outlets arranged around a fuel outlet
in accordance with the present invention,

FIG.10 is a section F-F shown in FIG.8 of an air inlet
plate for guiding air into the air assist passages of
the liquid fuel lance;

FIG.11 is a first schematic valve and controller ar-
rangement of the pilot fuel system which controls the
supply of air into the air assist passages of the liquid
fuel lance, in this exemplary embodiment the valves
are in series on a main supply pipe;

FIG.12 is a second schematic valve and controller
arrangement of the pilot fuel system which controls
the supply of air into the air assist passages of the
liquid fuel lance, in this exemplary embodiment the
valves are in parallel on a main supply pipe;

FIG.13 is a third schematic valve and controller ar-
rangement of the pilot fuel system which controls the
supply of air into the air assist passages of the liquid
fuel lance, in this exemplary embodiment the valve
is a pneumatic split spool valves, one of which is
available from Bosch Roxroth Corporation®;

FIG.14 is a view in the direction of arrow G in FIG.8
and onto the surface of the tip of the pilot liquid fuel
lance in accordance with the present invention;

FIG.15 is a view on the surface of the burner and
along the burner’s central axis and indicates the ori-
entation of the liquid fuel lance relative to the main
air flow from the main burner and relative to the burn-
er’s central axis and in accordance with the present
invention,
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FIG.16 depicts a further embodiment of the inventive
fuel lance and is an equivalent section G-G shown
in FIG.8,

FIG.17 is a schematic view on the tip of another em-
bodiment of the liquid fuel lance which further com-
prises a second air assist supply generally surround-
ing the first air assist supply,

FIG.18 is a view on the tip of the liquid fuel lance in
FIG.15.

DETAILED DESCRIPTION OF INVENTION

[0021] FIG. 1 shows an example of a gas turbine en-
gine 10 in a sectional view and generally arranged about
a longitudinal axis 20. The gas turbine engine 10 com-
prises, in flow series, an inlet 12, a compressor section
14, a combustor section 16 and aturbine section 18 which
are generally arranged in flow series and generally in the
direction of the longitudinal or rotational axis 20. The gas
turbine engine 10 further comprises a shaft 22 which is
rotatable about the rotational axis 20 and which extends
longitudinally through the gas turbine engine 10. The
shaft 22 drivingly connects the turbine section 18 to the
compressor section 12. The combustor section 16 com-
prises an annular array of combustor units 16 only one
of which is shown.

[0022] In operation of the gas turbine engine 10, air
24, whichistakeninthroughthe airinlet 12 is compressed
by the compressor section 14 and delivered to the com-
bustion section or unit 16. The combustor unit 16 com-
prises a burner plenum 26, a pre-chamber 29, a com-
bustion chamber 28 defined by a double walled can 27
and at least one burner 30 fixed to each combustion
chamber 28. The pre-chamber 29, the combustion cham-
ber 28 and the burner 30 are located inside the burner
plenum 26. The compressed air 31 passing through the
compressor 12 enters a diffuser 32 and is discharged
from the diffuser 32 into the burner plenum 26 from where
a portion of the air enters the burner 30 and is mixed with
a gaseous and/or liquid fuel. The air/fuel mixture is then
burned and the resulting combustion gas 34 or working
gas from the combustion chamber is channelled via a
transition duct 35 to the turbine section 18.

[0023] The turbine section 18 comprises a number of
blade carrying rotor discs 36 attached to the shaft 22. In
the present example, two discs 36 each carry an annular
array of turbine blades 38. However, the number of blade
carrying rotor discs could be different, i.e. only one disc
or more than two rotor discs. In addition, guiding vanes
40, which are fixed to a stator 42 of the gas turbine engine
10, are disposed between the turbine blades 38. Between
the exit of the combustion chamber 28 and the leading
turbine blades 38 inlet guiding vanes 44 are provided.
[0024] The combustion gas 34 from the combustion
chamber 28 enters the turbine section 18 and drives the
turbine blades 38 which in turn rotates the shaft 22 to
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drive the compressor section 12. The guiding vanes 40,
44 serve to optimise the angle of the combustion or work-
ing gas on to the turbine blades 38. The compressor sec-
tion 12 comprises an axial series of guide vane stages
46 and rotor blade stages 48.

[0025] The terms upstream and downstream refer to
the flow direction of the airflow and/or working gas flow
through the engine unless otherwise stated. The terms
forward and rearward refer to the general flow of gas
through the engine. The terms axial, radial and circum-
ferential are made with reference to the rotational axis
20 of the engine unless otherwise stated.

[0026] FIG. 2isa perspective view of a part of the com-
bustor 16 showing the burner 30, the pre-chamber 29
and part of the combustion chamber 28. The combustion
chamber 28 is formed with a tubular-like shape by the
double walled can 27 (shown in Fig. 1) having and ex-
tending along a combustor axis 50. The combustor 16
extends along the combustor axis 50 and comprises the
pre-chamber 29 and the main combustion chamber 28,
wherein the latter extends in a circumferential direction
61 around the combustor axis 50 and generally down-
stream, with respect to the gas flow direction, of the pre-
chamber volume 29.

[0027] The burner 30 comprises a pilot burner 52 and
amain burner 54. The pilot burner 52 comprises a burner
body 53, a conventional liquid fuel lance 56 and an igniter
58. The main burner 54 comprises a swirler arrangement
55 having an annular array of swirler vanes 60 defining
passages 62 therebetween. The annular array of swirler
vanes 60 are arranged generally about a burner axis 50,
which in this example is coincident with the combustor
axis 50, and in conventional manner. The swirlerarrange-
ment 55 includes main fuel injection ports which are not
shown, but are well known in the art. The main burner
54 defines part of the pre-chamber 29. The pilot burner
52 is located in an aperture 57 and generally radially in-
wardly, with respect to the burner / combustor axis 50,
of the main burner 54. The pilot burner 52 has a surface
64 that defines part of an end wall of the pre-chamber
29. The end wall is further defined by the main burner 54.
[0028] The conventional liquid fuel lance 56 is at least
partly housed in a first hole 66 defined in the burner body
53 of the pilot burner 52. A pilot air flow passage 69 is
formed between the liquid fuel lance 56 and the walls of
the first hole 66. The liquid fuel lance 56 comprises an
elongate fuel lance body 86 and a liquid fuel tip 72, as
shown in figure 3. The elongate fuel lance body 86 is
generally cylindrical and defines a fuel flow passage 70.
The liquid fueltip 72 is mounted at one end of the elongate
fuellance body 86 and is located near to or at the surface
64. The liquid fuel lance 56 will be described in more
detail with reference to Fig. 3. The igniter 58 is housed
in a second passage 74 defined in the burner body 53 of
the pilot burner 52. The end of the igniter 58 is located
near to or at the surface 64. The igniter 58 is a well known
device in the art and that requires no further description.
In other combustors 16 it is possible that more than one
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liquid fuel lance and/or more than one igniter may be
provided.

[0029] During operation of the gas turbine engine and
more particularly at engine start-up, a starter-motor
cranks the engine such that the compressor 14 and tur-
bine 16 are rotated along with the shaft 22. The compres-
sor 14 produces a flow of compressed air 34 which is
delivered to one or more of the combustor units 16. A
first or major portion of the compressed air 31 is a main
air flow 34A which is forced through the passages 62 of
the swirler arrangement 55 where the swirler vanes 60
impart a swirl to the compressed air 31 as shown by the
arrows. A second or minor portion of the compressed air
31 is a pilot air flow 34B which is forced through the pilot
air flow passage 69. The pilot air flow 34B can also be
referred to as an air assistance flow. Liquid fuel 76 is
forced through the fuel flow passage 70 and is mixed with
the pilot air flow 34B and the main air flow 34A in order
to atomise the liquid fuel. Atomisation of the liquid fuel
into very small droplets increases surface area to en-
hance subsequent vaporisation.

[0030] The main air flow 34A generally swirls around
the combustor axis 50. The swirler vanes 60 impart a
tangential direction component to the main air flow 34A
to cause the bulk main flow 34 of combustibles to have
a circumferential direction of flow. This circumferential
flow aspect is in addition to the general direction of the
air and fuel mixture along the combustor axis 50 from or
near the surface 64 towards the transition duct 35 (see
Fig.1). The fuel and air mixture passes through the pre-
chamber 29 and into the combustion chamber 28. The
main air flow 34A forces the pilot air flow 34B and en-
trained fuel near to the igniter 58, which then ignites the
fuel / air mixture.

[0031] To start the engine, a starter motor rotates the
shaft 22, compressor 14 and turbine 18 to a predeter-
mined speed when the pilot fuel is supplied and ignited.
Once ignited the combustor internal geometry and the
air flow patterns cause a pilot flame to reignite, burn con-
tinuously and therefore exist. As the engine becomes
self-powering the starter-motor can be switched off. As
engine demand or load is increased from start-up, fuel
is supplied to the main fuel injection ports and mixed with
the main air flow 34A. A main flame is created in the
combustion chamber 28 and which is radially outwardly
located relative to the pilot flame.

[0032] Reference is now made to Fig.3, which shows
a schematic perspective and cut-away view of part of the
pilot burner 52 and in detail the conventional liquid fuel
lance 56. The liquid fuel lance 56 comprises the elongate
fuel lance body 86 and the liquid fuel tip 72 which are
elements that can be unitary or separate. The liquid fuel
tip 72 is located and captured by a narrowing 78 at an
end of the first hole 66 and forms a tight fit. At the end of
the fuel flow passage 70, the liquid fuel tip 72 includes a
swirl plate 80 which defines an array of fuel conduits 82
having inlets and outlets. The fuel conduits 82, only one
of which is shown, are angled relative to a longitudinal
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or fuel lance axis 79 of the liquid fuel lance 56. Down-
stream of the swirl plate 80 is a fuel swirl chamber 84
and then a fuel outlet 86, which in this example is a fuel
filmer. This fuel filmer 86 is divergent and produces a
cone of liquid fuel. In other examples, the fuel outlet 86
can be an orifice that produces a spray of fuel ora number
of orifices, each producing a spray of fuel.

[0033] The liquid fuel tip 72 forms an array of pilot air
flow conduits 88 having inlets that communicate with the
pilot air flow passage 69 and outlets 90 which surround
the fuel filmer 86. In this exemplary embodiment, the pilot
air flow conduits 88 are inclined or angled in both a cir-
cumferential sense and a radially inwardly relative to the
longitudinal axis 79 of the liquid fuel lance 56. In other
embodiments, the pilot air flow conduits 88 may be axially
aligned, orangled in only one of the circumferential sense
or radially inwardly relative to the longitudinal axis 79. In
this exemplary embodiment there are 8 pilot air flow con-
duits 88; although in other embodiments there may be
more or fewer conduits.

[0034] Pilot liquid fuel flowing in the fuel flow passage
70 enters the inlets of the fuel conduits 82 and exits the
outlets imparting a swirl to the fuel in the fuel swirl cham-
ber 84. The swirling fuel forms a thin film over the fuel
filmer 86, which sheds the fuel in a relatively thin cone.
Pilot air flow 34B impinges the cone of fuel and breaks
the fuel into small droplets. The swirling vortex of air from
the outlets 90 atomises the fuel along with the main air
flow 34A.

[0035] The pilot air flow 34B is particularly useful at
engine start-up and low power demands when the main
air flow 34A has a relatively low mass flow compared to
higher power demands and because of the lower mass
flow is less able to atomise the liquid fuel. Advantageous-
ly, the pilot air flow 34B provides cooling to the pilot fuel
lance and helps prevent fuel coking and carbon build up
on the pilot fuel lance.

[0036] FIG.4isa view alongthe combustoraxis 50 and
on the surface 64 of the burner 30 where the pilot burner
52 is generally surrounded by the main burner 54. A liquid
fuel lance 156 and the igniter 58 are shown mounted in
the burner body 53 of the pilot burner 52. The swirler
arrangement 55 of the main burner 54 surrounds the sur-
face 64 and directs the main airflow 34B via the annular
array of passages 62. The annular array of swirler vanes
60 and passages 62 are arranged to impart a tangential
flow component to the main air flow 34A such that when
the airflow portions from each passage 62 coalesce they
form a vortex 34C generally about the burner axis 50. In
this embodiment, the vortex 34C rotates generally anti-
clockwise as seen in Fig.4; this vortex 34C could also be
said to be rotating in a clockwise direction as it travels in
a direction from the surface 64 to the transition duct 35
through the pre-chamber 29 and then the combustor
chamber 28.

[0037] In this exemplary embodiment, the vortex 34C
is asingle vortex, butin other examples the arrangements
of pilot burner 52 and the main burner 54 can create a
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number of vortices rotating in either the same direction
or different directions and at different rotational speeds.
[0038] The positions of the liquid fuel lance 156 and
the igniter 58 are arranged so that the swirling or rotating
main air flow 34A passes over or around the liquid fuel
lance 56 and then on to the igniter 58. As the main airflow
forms a vortex 34C about the axis 50, the liquid fuel lance
156 and the igniter 58 are positioned at approximately
the same radial distance from the axis 50. Thus as the
fuel lance 156 injects or sprays liquid fuel into the pre-
chamber 29 the main airflow 34C entrains the fuel and
transports it towards the igniter 58, where ignition can
take place. In other embodiments the liquid fuel lance
156 and the igniter 58 may be positioned at different radial
distances from the axis 50, relative to one another, in
order to accommodate different air assistance flows or
swirl directions of the main and/or air assistance flows.
For example the liquid fuel lance 156 is positioned nearer
the axis 50 than the igniter 58 alternatively the igniter 58
is positioned nearer the axis 50 than the liquid fuel lance
156. In addition to the relative radial position of the liquid
fuel lance 156 and the igniter 58, the circumferential dis-
tance between them is also important with respect to en-
suring the fuel in the main airflow 34C is transported from
the liquid fuel lance 156 to the igniter 58. Each application
of the present invention will have its own set of parame-
ters influenced by the airflow’s swirl characteristics.
[0039] The vortex 34C has many different stream ve-
locities within its mass flow. In this example, the portion
of the vortex denoted by arrow 34Cs is travelling at a
lower velocity than the portion of the vortex denoted by
arrow 34Cf. Main air flow portion 34Cs is radially inwardly
of main air flow portion 34Cf with respect to the axis 50.
Main air flow portion 34Cs is at approximately the same
radial position as the radially inner part of the pilot fuel
lance 56 and the main air flow portion 34Cf is at approx-
imately the same radial position as the radially outer part
of the pilot fuel lance 156.

[0040] FIG.5 and FIG.6 show sectional views of the
main air flow along paths A-A and B-B respectively as
shown in FIG.4 and the distribution of fuel droplets. In
FIG.4 the flow path B-B is radially outwardly of the fuel
lance 156 and igniter 58 and the flow path A-A is approx-
imately at the same radius as at least a part of the fuel
lance 156 and igniter 58.

[0041] In FIG.6 the fuel lance 156 and igniter 58 are
shown in dashed lines for reference purposes. As shown,
each portion of main air flow exiting each passage 62
flows for a short distance immediately across the surface
64, before leaving the surface 64 and travelling away
from the surface 64 and along the axis 50 as another
portion of the main air flow joins from a circumferentially
adjacent passage 62. Thus as can be seen the any fuel
droplets 92 entrained in this portion of the main air flow
long flow path B-B are quickly lifted away from the surface
64 and therefore away from the igniter 58.

[0042] In FIG.5 the main air flow 34A passes over the
fuel lance 156 and on towards the igniter 58. The outlets
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90, which surround the fuel filmer 86 of the fuel lance
156, direct the pilot air flow 34B to impinge on the cone
of fuel exiting the fuel filmer 86 and break the fuel film
into small droplets 92. The swirling vortex of pilot air,
shown schematically as 94, from the outlets 90 atomises
the fuel as it mixes with the main air flow 34A. The swirling
vortex of pilot air 94 effectively forms a fluid buffer and
causes to be formed on its leeward or downstream side
a recirculation zone or a low-pressure zone 96. This re-
circulation zone or a low-pressure zone 96 draws the
main air flow 34A towards the surface 64 between the
fuellance 156 and igniter 58. A portion of the fuel droplets
92 are also drawn towards the surface 64 and therefore
close to the igniter 58 such that good ignition of the fuel
/ air mixture is possible.

[0043] Referring now to FIG. 7, which is a view on the
tip 72 of the conventional fuel lance 56 and generally
along its axis 79, the array of outlets 90 direct the pilot
air flow 34B with a tangential component. When the por-
tions of pilot air flow 34B from each outlet 90 merge they
coalesce into the pilot vortex 94. The pilot vortex 94 ro-
tates in a generally anti-clockwise direction as seen in
Fig.7; this vortex 94 could also be said to be rotating in
a clockwise direction as it travels in a direction from the
surface ofthe tip 72 towards the transition duct 35 through
the pre-chamber 29 and then the combustor chamber
28. In one example, there are 8 outlets 90 arranged sym-
metrically about the axis 79 of the fuel lance and about
the fuel filmer 86. This arrangement of outlets produces,
at least initially, a symmetric pilot vortex 94.

[0044] However, in service it has been found that the
outlets 90 become blocked by carbon deposits formed
from liquid fuel landing on the surfaces of the conven-
tional fuel lance 56. This blocking reduces the amount of
pilot air flow 34B which in turn this reduces the effective-
ness of the pilot air flow 34B shearing and breaking up
the fuel film. Thus it has been found that the symmetry
of the pilot vortex 94 causes particular air flow charac-
teristics that lead to liquid fuel contacting the surface of
the conventional fuel lance 56 and which then forms car-
bon deposits that block the outlets 90. Both the direction
and the strength of the air assistance jets are effected,
which changes the fuel location and the atomization, po-
tentially giving larger droplets further away from the ig-
niter, or impinging onto combustion wall surfaces. Im-
pingement onto the wall surfaces or fuel in the wrong
place leads to the potential for combustion to occur in
the wrong place and burn out components. Alternatively
the vapourised fuel near the igniter is decreased and ig-
nition is then not possible.

[0045] The present invention will now be described
with reference to aspects of a pilot liquid fuel system 99
comprising a liquid fuel lance 156 and an air supply con-
trol arrangement 160 for supplying and controlling air to
the liquid fuel lance 156. Both the configuration of the
liquid fuel lance 156 and the air supply control arrange-
ment 160 fulfil the object of forming an asymmetric air
assist pilot vortex to prevent carbon deposits.
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[0046] An exemplary embodiment of the liquid fuel
lance 156 in accordance with the present invention is
now described with reference to FIGS. 8, 9 and 10. Fea-
tures of the conventional liquid fuel lance and its instal-
lation in the burner described with reference to the earlier
figures are here given the same reference numerals plus
100 to denote like features, for example the conventional
pilot fuel lance is denoted by 56 and the inventive pilot
fuel lance is denoted by 156. It should be appreciated
that the position of the tip 172 of the pilot fuel lance 156
is located relative to the burner as is the conventional
pilot fuel lance 56.

[0047] FIG. 8isalongitudinal section through the liquid
fuel lance 156 in accordance with an exemplary embod-
iment of the present invention. FIG.9 is the section E-E
through the tip 172 of the liquid fuel lance 156 and gen-
erally along its axis 179 showing an array of inlets 189A,
189B, 189C arranged around the fuel outlet 186 in ac-
cordance with the present invention. The fuel outlet 186
may be a fuel filmer that produces a cone of liquid fuel
or an orifice that produces a spray of fuel or a number of
orifices, as described earlier. FIG.10 is the section F-F
shown in FIG.8 of an exemplary air inlet 200 configuration
for guiding air into the air assist passages 130A, 130B,
130C of the liquid fuel lance 156.

[0048] The liquid fuel lance 156 has a longitudinal axis
179 and comprises an elongate liquid fuel lance body
168 and a liquid fuel tip 172. The liquid fuel tip 172 may
be threaded onto the liquid fuel lance body 168 or may
be welded. The elongate liquid fuel lance body 168 com-
prises a fuel flow passage 170 and a first air passage
130A, a second air passage 130B and a third air passage
130C. The liquid fuel tip 172 defines a fuel outlet 186 and
arranged about the fuel outlet 186 are a first air outlet
190A, a second air outlet 190B and a third air outlet 190C
to which air is independently supplied by the respective
first, second and third air passages 130A, 130B, 130C.
The fuel passage 170 is a generally cylindrical conduit
although other shapes are possible.

[0049] Here the first, second and third air passages
130A, 130B, 130C are helical in configuration and feed
air into pilot air flow conduits 188A, 188B, 188C respec-
tively that are defined in the tip 172 via inlets 189A, 189B,
189C and which terminate in respective outlets 190A,
190B and 190C in the tip surface 132. An air inlet 200 is
disposed at the upstream end of the liquid fuel lance body
168 and has first, second and third inlet passages 202A,
202B, 202C arranged to feed air into the first, second
and third air passages 130A, 130B, 130C respectively.
The first, second and third inlet passages 202A, 202B,
202C extend from a circumferential and outer opening
204 of the inlet 200, radially inwardly towards the axis
179 where the air is turned from a radial direction to an
axial direction and into the first, second and third air pas-
sages 130A, 130B, 130C. Thefirst, second and third inlet
passages 202A, 202B, 202C each subscribe a spiral or
part spiral which allows a low aerodynamic loss of pres-
sure of the air as it travels through and from the air inlet
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200 to the first, second and third air passages 130A,
130B, 130C respectively. A circumferential seal 206
seals between the air inlet plate 200 and the fuel supply
passage 170 are shown for illustrative purposes. Seals
between the fuel lance and surrounding parts are not
shown but well known from conventional designs.
[0050] The helical air passages 130A, 130B and 130C
are formed between an inner wall 136 forming the fuel
passage 170 and an outer wall 134 of the elongate liquid
fuel lance body 168. Both the inner and outer walls are
generally cylindrical and coaxial to one another. The hel-
ical air passages 130A, 130B and 130C are arranged
effectively parallel to one another in a helical sense. In
this embodiment, each of the helical passages 130A,
130B and 130C wraps around the fuel passage 170 twice
or extends 720° about the fuel passage 170 between the
air inlet 200 and the tip 172. In other embodiments, the
helical passages 130A, 130B and 130C can wrap around
the fuel passage 170 a minimum of 180°. The helical
passages 130A, 130B and 130C wrap around the fuel
passage 170 approximately three times or 1080°, but can
wrap around the fuel passage 170 up to seven times.
[0051] The pilot air flow conduits 188A, 188B, 188C
definedinthe tip 172 are arranged about the fuel passage
170 and terminate in respective outlets 190A, 190B and
190C in the tip surface 132, themselves arranged around
the fuel outlet 186. The pilot air flow conduits 188A, 188B,
188C are formed by drilling and are therefore straight
passages. To create a pilot vortex, the passages are
drilled at an angle such that a centre-line 207 of the pilot
air flow conduit 188A has a compound direction including
both axial and tangential relative to the axis 179.
[0052] The pilot air flow conduits 188A, 188B, 188C
defined in the tip 172 have respective inlets 189A, 189B,
189C which allow the air in the air passages 130A, 130B
and 130C to flow into the air flow conduits 188A, 188B,
188C. The angle of the centre-line 207 of the pilot air flow
conduits is conveniently aligned with the helical angle of
the air passages 130A, 130B and 130C so that a prefer-
ential pressure is experienced by the air entering the air
flow conduits 188. The inlets 189A, 189B, 189C are
formed on a surface of respective passage outlets 191A,
191B, 191C in the upstream surface 182 of the tip 172.
The passage outlets 191 have dividing walls 192 there-
between to seal each of the separate air flows from one
another. The passage outlets 191A, 191B, 191C and
walls 192 are arranged such that each partition encloses
around the outlet of air passages 130A, 130B and 130C
respectively.

[0053] In FIG.8 the pilot liquid fuel system 99 compris-
es a first embodiment of the air supply control arrange-
ment 160 for supplying variable amounts of air to the air
passages 130A, 130B, 130C. The air supply control ar-
rangement 160 has a valve means 140 in the form of
first, second and third valves 140A, 140B, 140C connect-
ed to a main air supply pipe 141 and each valve has
respective branch pipes 142A, 142B, 142C and a valve
controller 150 arranged to control the valve means 140.
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The branch pipes 142A, 142B, 142C are connected to
the inlet 200 and respective first, second and third inlet
passages 202A, 202B, 202C. The valve means 140 is
arranged to operate at least the first valve 140A to control
the amount of air passing into the first air passage 130A
and therefore the amount of air passing out of the outlets
190A. The valve means 140 is arranged to operate at
least the first valve 140A between a fully closed and an
fully open position and can control the valve 140A to pass
any amount of air in between the fully closed and an fully
open position. In addition, the amount of air flowing
through the branch pipes 142B, 142C may also be con-
trolled, for example, to maintain a constant air flow during
the full envelope of engine operation. Alternatively, the
amount of air flowing through the branch pipes 142B,
142C may also be controlled, for example, to vary the air
flow during the full envelope of engine operation to create
a stronger or weaker pilot vortex.

[0054] In the simplest form of the invention, only one
valve 140A is provided to control the amount of air en-
tering the first air passage 130A and directly feeds air
from a main air supply pipe 141 to the second and third
air passages 130B, 130C. However, in one embodiment
shown here three valves 140A, 140B, 140C are provided
and which are arranged in series along the one main air
supply pipe 141 and the valves are therefore in series.
Where only one valve 140A is provided the total mass
flow of air passing along the main air supply pipe 141 will
vary dependent upon the status of the valve 140A. When
the valve 140A is fully open more air passes through the
main supply pipe 141 than when the valve is closed or
partially closed. Although this can be satisfactory the use
or one or more further valves 140B, 140C can regulate
the amount of air supplied to the second and third air
passages 130B and 130C to keep the amount of air flow
at a desired rate.

[0055] The valve controller 150 may be active or
scheduled.

[0056] During start-up, the gas turbine runs through a
set of automatic or predetermined steps including setting
the preferable combination of air and fuel for a successful
start, using only pilot fuel, switching on and off the igniter
and determining when to stop trying to ignite. The step
ofigniting is terminated because either the starthas been
successful or when a limit on start attempts has been
reached. The limit on the number of start attempts is set,
for example, due to risk of explosion from unburnt fuel.
In addition, start-up includes the step of where and/or
how to inject the assist air as described herein.

[0057] Weak extinction of the combustor flame is typ-
ically detected by combustion oscillations or dynamic
pressure fluctuations. These are measured continuously
during operation and are part of an active pilot system.
When the level of combustion oscillations increases, par-
ticularly in a certain frequency range, to a predetermined
level, dependent on the burner design, weak extinction
is assumed to be imminent. The control system then in-
cludes the step of preventing the flame from going out
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by increasing the pilot fuel flow to make the flame more
stable. At the same time, in accordance with the present
invention, a step of altering where and how to inject the
assist air is made and according to a predetermined
schedule.

[0058] As the flame position changes or fluctuates the
dynamic (acoustic) pressure signal also changes. The
actual frequencies are specific to the combustion hard-
ware but it should be appreciated that a person skilled in
the art will be able to identify these critical frequencies
for a given change and adjust the particular needs of the
air assistance flows to suit. This could be fed into a control
loop to automatically adjust the air assist delivery.
[0059] There are also operational events or issues
which cannot be determined during engine running such
as carbon build up. The carbon build up is due to fuel
impingement on combustor surfaces and can be reduced
if the liquid fuel droplets are directed into the main or bulk
airflow which takes the fuel away from the surfaces. In
the radial swirler, at start up for example, the central or
main air flow re-circulates back towards the pilot surface
64. This recirculation is particularly strong at a given ra-
dius from the axis 50. Use of the air assistance to shape
the fuel jet to prevent fuel droplets entering this recircu-
lation region would prevent or reduce carbon build up on
the pilot surface. The regions where recirculation occurs
can change throughout the load range ofthe engine, how-
ever, the skilled person skilled can easily determine the
regions and define an air assistance schedule to mini-
mise the droplets entering this region.

[0060] Atomisation of the liquid is dependent on sev-
eral factors such as film thickness of the fuel, flow-rate
of the fuel, viscosity and density of the fuel and shear
stresses on the fuel from the swirling air and therefore
the momentum, viscosity and density of the air. The fuel
and air flow rates change with engine load and ambient
conditions and the amount of air assistance required
therefore also changes. For example, the fuel split to the
injector in question may mean that it has a higher flow-
rate at lower loads and hence needs less air assistance
to properly atomise the fuel. The conditions for this are
specific to each combustion system and would have to
be determined independently, butin accordance with the
present teaching.

[0061] In view of FIG. 18, a typical example of a start
up schedule comprises the steps;

- at start up; turn off air to air assist outlets AA7, AAS,
AA1 in order to induce recirculation to igniter,

- afterignition turn off air to air assist outlets AA2, AA3,
AA4 to put fuel into airflow to pilot flame,

- at approximately 75% load turn on air delivery to all
air assist outlets to burn off any carbon deposits at

or after this load,

- once the engine has started successfully, control of



15 EP 3 029 379 A1 16

the combustion system passes to automatic control
based on the combustion dynamics.

[0062] Inthe case of a scheduled valve controller 150,
the scheduling may be associated with the main engine
controller such that at a demanded power level or mode
of operation including start-up and weak extinction, the
valve controller 150 automatically controls the valve
means 140 to produce an asymmetric air assist condition.
The valve controller 150 can be a standalone device or
it can be a part of the main engine control system. De-
pending on the level of adaptation required, the assist air
may be controlled by fixed or adaptive curves/lookup ta-
bles.

[0063] Referring now to FIGS. 11-13 that show a
number of alternative configurations of the air supply con-
trol arrangement 160. It should be appreciated that in a
gas turbine engine each combustor or burner may have
one air supply control arrangement 160, alternatively one
air supply control arrangement 160 may control the air
supplied to all the burners or pilot fuel lances via appro-
priate pipe work such as a manifold that supply allburners
via the same branch pipes. Which option that is chosen
would depend on the size of the gas turbine and therefore
size / room available to fit the air supply control arrange-
ments but also the cost for the whole gas turbine engine.
A further aspect on individual or common supply of assist
air to the pilot liquid fuel lances 156 is reliability. The
higher the number of components in the system inevita-
bly the lower its reliability will be. At the same time the
more adjustment possibilities available the higher the lev-
el of optimization of system performance achievable.
[0064] FIG.11 shows a first schematic air supply con-
trol arrangement 160 of the pilot fuel system 99 which
controls the supply of air into the air assist passages
130A, 130B, 130C of the liquid fuel lance 156, in this
exemplary embodiment the valves 140A, 140B, 140C
are in series on the main supply pipe 141. The valve
controller is operable to control the valve means 140 to
vary the amount of air passing through the valves and
therefore the air passages 130A, 130B, 130C. This em-
bodiment is essentially the same as that shown in FIG.
8. Valve 140C and branch pipe 142C are shown dashed
because they denote optional and additional valves and
branch pipes depending on the number of the air pas-
sages 130 provided in the body 168 of the pilot liquid fuel
lance 156.

[0065] This arrangement may be used for both on-off
or gradual/continuous control of the amount of air sup-
plied through the first valve 140A and therefore the outlet
orifice 190A. In addition a fixed restrictor 143B, 143C
may be provided on either or both branch pipes 142B,
142C to help rebalance the air distribution between the
branch pipes 142A, 142B and 142C or another charac-
teristic of the system. This characteristic regards chang-
ing the air split between the different branch pipes, but
that does not mean that they necessarily have to be "bal-
anced". If for example branch pipe 142A always needs
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more air than branch pipes 142B and 142C then the air
escaping down branch pipes 142B and 142C is reduced.
It is not possible do that by changing the valve settings
due to the serial configuration.

[0066] In the situation that one sector at the lance tip
172 needed to be supplied with a high air assist flow all
of the time during operation of the gas turbine and other
sectors would be switch on or off or controlled continu-
ously then the control valves associated with that sector
are not required.

[0067] FIG.12is a second schematic air supply control
arrangement 160 of the pilot fuel system 99 which con-
trols the supply of air into the air assist passages 130A,
130B, 130C of the liquid fuel lance 156, in this exemplary
embodiment the valves 140A, 140B, 140C are in parallel
on the main supply pipe 141. This parallel valve config-
uration provides the highest degree of flexibility because
the amount of air passing through each branch pipe can
be controlled completely independently of the valves in
the other branch pipes.

[0068] FIG.13 is a third schematic air supply control
arrangement 160 of the pilot fuel system 99 which con-
trols the supply of air into the air assist passages 130A,
130B, 130C of the liquid fuel lance 156. In this exemplary
embodiment the valve 140 is a pneumatic split spool
valve, one of which is available from Bosch Roxroth Cor-
poration®. This type of single valve can save on initial
component costs, reduce the physical size and weight
of valve and the number of components in the system a
multifunctional valve may be used. The split spool con-
figuration is particularly useful if the switching of the de-
livery of air to the air passages 130A, 130B, 130C are
required instantly and from one desired air flow amount
to another rather than gradually or continuously.

[0069] Itshould be appreciated that the air supply con-
trol arrangement 160 will have a certain flow character-
istic such that here more than one branch pipe can be
flowing at the same time. In other words, this is a parallel
arrangement, but with no gradual control. As before, the
flow split between the branch pipes during e.g. commis-
sioning or service, by way of using fixed orifices.

[0070] Depending on the number of branches in the
configuration it may be advantageous to combine more
than one for the arrangements above. To modify these
characteristics over the full load range of the turbine en-
gine it may, for example, be favorable to have individual
air supply control arrangement 160 as shown in figure
13 with multiple valves as described with reference to
FIGS.11 and 12.

[0071] The method of operating the pilot liquid fuel sys-
tem 99 comprises the air supply control arrangement 160
supplying a total air flow to the first air passage 130A and
second air passage 130B and adjusting the valve means
140 to supply the first air passage 130A with 5% to 25%
of the total air flow. In the exemplary embodiment de-
scribed above, the total air flow supplied to the first air
passage 130A, second air passage 130B and third air
passage 130C adjusting the valve means 160 to supply
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the first air passage 130A with 5% to 25% of the total air
flow. It should be appreciated that where the branch pipes
142A, 142B, 142C are manifolds supplying air to all the
pilot fuel lances 156 of the gas turbine engine the method
of operating the pilot liquid fuel system includes opening
the valve means 140 to supply the first air passages 130A
with 5% to 25% of the total air flow to the plurality of liquid
fuel injectors 156.

[0072] Once the engine is self propelling or during nor-
mal engine running and there is a stable combustor
flame, the method further includes the step of opening
the valve means 140 to supply the first air passage 130A
with approximately equal amount of the total air flow com-
pared to the other air flow passages 130B, 130C.
[0073] The pilot air flow conduits 188A, 188B, 188C
and outlets 190A, 190B, 190C direct the pilot air flow 34B
with a tangential component to form a pilot vortex 94.
During engine start up and weak extinction of the com-
bustion flame, an asymmetric air flow through the pilot
air flow conduits 188A, 188B, 188C and in combination
with the main swirler vortex to help prevent liquid fuel
contacting the surfaces and later giving rise to carbon
deposits. An asymmetric air flow is created by supplying
only a fraction of the total air flow to one of the air pas-
sages 130. As mentioned above the fraction of the total
air flow can be zero, although it is practical to supply
approximately 5% of the total air flow to prevent hot gases
being ingested into the outlets 190A.

[0074] Referring now to FIG.14 which shows a view
along arrow G shown in FIG.8 and onto the surface 132
of the tip 172 of the liquid fuel lance 156. As previously
mentioned one objective is to create an asymmetric air
assist delivery, which in turn creates an asymmetric pilot
vortex of air and fuel. This is achieved by controlling the
flow of air to at least one of the air passages and in this
example air passage 130A. As mentioned earlier, each
air passage 130A, 130B and 130C supplies air to respec-
tive pilot air flow conduits 189A, 189B and 189C which
exits the tip 172 via outlets 190A, 190B and 190C. As
can be seen in FIG.14 there are three groups of three
outlets. A group of outlets has so far been referred to with
reference numbers 190A, 190B and 190C. In this exam-
ple, each 'outlet’ comprises three outlets referred to outlet
190A, 190B and 190C, because the term outlet can refer
to one oranumber of outlets. Indeed, FIG.14 shows three
sectors A, B and C within which the one or number of
each outlet 190A, 190B and 190C is located. In this ex-
ample, sector A is the controlled or varied air flow sector
A where areduced or lower air flow, at the desired engine
operating condition, is provided and which is preferably
in the range 5-15% of the total air flow passing through
the air passages. As described earlier, the amount of air
flow passing through all three groups of outlets can be
controlled, however, the term 'controlled air flow sector
A’ will be used to denote sector A.

[0075] The extent of the controlled air flow sector A is
defined by an angle 3 about the fuel lance’s axis 79 as
shown in FIG.14. In general, the outlets 190 are regularly
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or evenly spaced about the axis 179, and the lines de-
noting angle 9 are approximately mid-way between out-
lets in adjacent sectors A, B, C. In this example the angle
9 is approximately 120° and for other examples, the angle
9 can be between and including 30° and 160°. It should
be appreciated that one, two, three or more outlets 190
may be defined in each sector A, B, C. A centre-line 100
is shown in FIG.8 and which is the centre-line or bisector
of the blank sector 98 to define the orientation of the fuel
lance 56 and controlled air flow sector A relative to the
combustor chamber axis 50.

[0076] This arrangement creates an asymmetric pilot
air flow 34B delivery and hence an asymmetric pilot vor-
tex 94. This asymmetric pilot vortex 94 has the effect of
keeping the fuel lance 156 free from liquid fuel landing
on its surfaces and subsequent carbon deposits by cre-
ating an air flow regime around the pilot lance that shields
the pilot lance 56 from droplets 92. This has the benefit
that the pilot air flow outlets 190 do not block during use
and therefore the quality of the fuel spray and atomization
is maintained. Consequently, ignition at start-up is also
improved. In addition, the pilot air flow or ‘air assistance’
being asymmetric increases the local turbulence and im-
proves the shear on the droplets 92, aiding their atomi-
zation and pushing the droplets 92 away from the outlets
190, preventing any carbon build up due to the liquid fuel
coming into contact with the injector surface.

[0077] The asymmetric pilot air flow 34B delivery and
the asymmetric pilot vortex 94 remain strong enough to
effectively form the fluid buffer 94 and cause to be formed
on its leeward or downstream side, the recirculation zone
96 or low-pressure zone 96. Thus the recirculation zone
96 or low-pressure zone 96 still draws the main air flow
34A towards the surface 64 between the fuel lance 156
and igniter 58. A portion of the fuel droplets 92 are also
drawn towards the surface 64 and therefore close to the
igniter 58 such that good ignition of the fuel / air mixture
remains equally possible.

[0078] It has been found that the asymmetric pilot vor-
tex 94 is able to prevent or substantially prevent liquid
droplets 92 contacting the surfaces of the fuel lance 156
whatever the orientation of the centre-line 100. However,
there is only a significant benefit to the delivery of fuel
droplets 92 in the main flow to the igniter 58, as described
above, if the orientation of the centre-line 100 is in a par-
ticular orientation compared to the vortex 34C or relative
to the combustor chamber axis 50.

[0079] Referring to FIG.15 which is a view on the sur-
face 64 of the burner 30 and along the axis 50 and from
which a radial line 102 emanates and passes through
the axis 78 of the fuel lance 56. The fuel lance 56 and
igniter 58 are shown along with main airflow arrows 34A
issuing from the main air flow passages 62. As described
earlier, the portion of the vortex denoted by arrow 34Cf
is travelling at a generally higher velocity than the portion
of the vortex denoted by arrow 34Cs. The relatively slow-
erflowis generally radially inward of the faster velocity air.
[0080] The fuel lance 156 as previously described is
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at least partly housed within the burner body 53 of the
burner 30 and the outlets 190 and the fuel filmer 186 are
located at or near to the surface 64. In this example, the
outlets 190 and the fuel filmer 86 are located below the
surface 64 in the burner body 53. The igniter 58 is also
at least partly housed within the burner body 53 and has
an end face 59, located just below the surface 64, but
could be at or near to the surface 64.

[0081] The burner 30 further includes an array of gas
injection ports 122 generally formed in a radially outward
part of the burner 30 and under a circumferential lip 124
as shown in FIG.2. These gas injection ports 122 can
supply a pilot gas-fuel as is known in the art.

[0082] The terms clockwise and anticlockwise are with
respect to the view on the surface 64 of the burner 30 as
seen in FIG.15.

[0083] In this exemplary embodiment, the centre-line
100 of the controlled air flow sector A and is angled at
approximately 0° relative to the radial line 102 extending
from the combustor chamber axis 50 to the fuel lance
axis 78. Furthermore, the main air flow passages are
tangentially angled relative to the burner axis 50 to create
an anticlockwise swirl direction of the main air flow 34A
and the air passages 188 are tangentially angled relative
to the fuel lance axis 179 to create an anticlockwise swirl
direction of the pilot air flow 34B. However, in this first
embodiment the range of angles which provide at least
some of the desired advantages of the present invention
is between and including +60° and -60°. The most ad-
vantageous range of angles is between and including
+30° and -10°.

[0084] To prevent carbon build up during normal op-
eration the centre of the blocked holes should be between
120° and 200° to direct the flow into an airstream which
takes the droplets to the combustion region and not back
towards the pilot face. However, these angles are only
for a single embodiment of the design, the purpose of
the design is to direct the liquid droplets into a preferential
position which will be different for different combustion
systems.

[0085] Inasecond embodiment, the main air flow pas-
sages are tangentially angled relative to the burner axis
50 to create an anticlockwise swirl direction of the main
air flow 34A and the air passages 188 are tangentially
angled relative to the fuel lance axis 179to create a clock-
wise swirl direction of the pilot air flow 34B. In this second
embodiment the range of angles which provide at least
some of the desired advantages of the present invention
is between and including +120° and 0°.

[0086] In a third embodiment, the main air flow pas-
sages are tangentially angled relative to the burner axis
50 to create a clockwise swirl direction of the main air
flow 34A and the air passages 188 are tangentially angled
relative to the fuel lance axis 179 to create an anticlock-
wise swirl direction of the pilot air flow 34B. In this third
embodiment the range of angles which provide at least
some of the desired advantages of the present invention
is between and including 0° and -120°.

10

15

20

25

30

35

40

45

50

55

1"

[0087] Thus overall, the centre-line 100 of the control-
led air flow sector A and can be angled between +120°
and -120° from a radial line 102 from the axis 50 and
passing through the fuel lance 156. In all embodiments,
the igniter 58 is positioned downstream of the fuel
lance 156 with respect to the clockwise or anticlockwise
direction of the main air flow 34A.

[0088] The orientation of the fuel lance 156 as de-
scribed above is advantageous in that the outlets 190
are kept free of carbon deposits and therefore good at-
omisation of the fuel film and good start-up ignition is
maintained. During ignition it is important that fuel wash-
esover the igniter 58 to ensure reliable ignition. However,
during other engine conditions such as weak extinction,
part-load or maximum load other orientations of the con-
trolled air flow sector A are even more beneficial. During
normal engine running, at engine speed or power above
ignition or start up, it is desirable to avoid the fuel con-
tacting or washing over the igniter 58 because it may
form carbon deposits. Thus at ignition the condition de-
scribed with reference to FIG.5 is desirable where the
fuel droplets wash over or very close to the injector; and
during normal engine running itis desirable that the con-
dition described with reference to FIG.6 is desirable
where the fuel droplets are generally carried away from
the igniter.

[0089] Thus a method of operating the burner 30 in
accordance with the present invention comprises the
step of rotating the fuel lance between a start-up condition
and a second condition. The second condition can be
any one of the conditions such as weak extinction, part-
load or maximum load. In particular, weak extinction is a
condition where the flame can extinguishif there is further
decrease in fuel supply without changes in the path the
fuel takes during combustion and is related to flame sta-
bility. The weak extinction does not depend on the fuel /
air ratio only but also for example the air temperature as
well as the rate of change in fuel / air ratio or changes in
fuel composition. Typically a lower air temperature and
/or a faster rate of change have a negative impact on
flame stability. For the same fuel / air ratio with a lower
weak extinction, the flame is less likely to extinguish.
[0090] Referring back to FIG. 8 and its description, the
controlled air flow sector A has the centre-line 100 angled
or orientated relative to the radial line 102; atengine start-
up condition the blank sector 98 is angled between +120°
and -120° from the radial line 102 and at the second con-
dition the liquid fuel lance 56 is rotated about its own axis
79 such that the blank sector 98 is angled between +240°
and -360° from the radial line 102. Thus in one example,
at start-up the centre-line 102 is angled at approximately
0° from the radial line 102 and a high-power condition,
the liquid fuel lance 56 is rotated by approximately -120°
as viewed in FIG.14.

[0091] FIG.16 depicts a further embodiment of the in-
ventive fuel lance 156. FIG.16 is an equivalent section
G-G shown in FIG.8. In this exemplary embodiment only
an approximately 120 degree sector (9) at the tip of the
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lance is arranged to release assist air. This sector is pro-
vided with two subsectors, a first subsector 130A of ap-
proximately 90 degrees and a second subsector 130B
of approximately 30 degree. The majority of the air assist
can be supplied to one of these subsectors 130A, 130B
and which one will depend on the operating conditions
of the engine or combustor. In one example, it is prefer-
able to supply air through the second subsector 130B
during the ignition phase or engine start up. In variations
of this embodiment, the subsectors 130A, 130B can be
each 90 degrees in extent and can be opposite one an-
other rather than immediate next to one another.
[0092] FIG.17 is a schematic view on the tip of another
embodiment of the liquid fuel lance 156 and having a
second air assist supply generally surrounding the first
air assist supply as described above. The inner wall 136
defines the fuel passage 186 and the outer wall 134
bounds the air passages 130A, B, C and which via air
flow conduits 188A, 188B, 188C feed the outlets 190 of
the first air assist supply. Surrounding the outer wall 134
the first air assist supply is a further outer wall 135 which
bounds further air passages 130D, E , F feeding air via
air flow conduits 188D, 188E, 188F to outlets 190 D, E,
F (not shown but similar to those shown in FIG.8). The
walls 136, 134,135 are generally cylindrical and coaxial
to one another.

[0093] In this embodiment the air via air flow conduits
188D, 188E, 188F and outlets 190 D, E, F are arranged
to direct the air assist in a circumferential flow direction
opposite to the first air supply. This embodiment caters
for a further optimisation of the flow field surrounding the
fuel jet at different operation conditions. Thus the first air
assist supply and the second air assist supply are ar-
ranged to form counter rotating vortices to further en-
hance mixing and asymmetric air assist delivery to im-
prove ignition. The second air assist supply is arranged
similarly to the first air assist supply and has the same
functionality and therefore no further description is re-
quired. In use the second air assist supply is varied in
accordance with the first air assist supply or may be sup-
plied.

[0094] Whereas the above exemplary liquid fuel lance
156, liquid fuel system 160 and method of operation has
been described with reference to a pilotliquid fuel system,
the fuel system is equally applicable to a main liquid fuel
system.

Claims

1. Aliquid fuel lance (156) for a burner (30) of a com-
bustor (16) of a gas turbine combustor (16), the liquid
fuel lance (156) has a longitudinal axis (179) and
comprises
an elongate liquid fuel lance body (168) and a liquid
fuel tip (172),
the elongate liquid fuel lance body (168) comprises
a fuel flow passage (170) and at least a first air pas-
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sage (130A) and a second air passage (130B,
130C),

a liquid fuel tip (172) defines a fuel outlet (186) and
arranged about the fuel outlet (186) at least a first
outlet (190A) and a second outlet (190B, 190C) to
which air is independently supplied by the first air
passage (130A) and the second air passage (130B,
130C) respectively, and wherein the amount of air
supplied to the first air passage (130A) is variable.

Aliquidfuellance (156) as claimedin claim 1 wherein
the first air passage (130A) and the second air pas-
sage (130B, 130C) extend approximately parallel to
the longitudinal axis (79).

Aliquidfuel lance (156) as claimedin claim 1 wherein
the first air passage (130A) and the second air pas-
sage (130B, 130C) are helical about the longitudinal
axis (79).

Aliquidfuel lance (156) as claimedin claim 3 wherein
the first air passage (130A) and the second air pas-
sage (130B, 130C) are helical about the longitudinal
axis (79) at least 180°.

A liquid fuel lance (156) as claimed in any one of
claims 1-4 wherein the first air outlet (130A) extends
about the axis an angle in the range and including
30° and 160°.

A liquid fuel lance (156) as claimed in any one of
claims 1-4 wherein the first air outlet (130A) extends
about the axis an angle of 120°.

A liquid fuel lance (156) as claimed in any one of
claims 1-6 wherein

the at least a first outlet (190A) and the second outlet
(190B, 190C) and the first air passage (130A) and
the second air passage (130B, 130C) constitute a
first air assist supply, and

a second air assist supply comprises at least first
outlet (190D) and second outlet (190E, 190F) to
which air is independently supplied by a first air pas-
sage (130D) and a second air passage (130E, 130F)
respectively, and

wherein the amount of air supplied to the first air
passage (130D) of the second air assist supply is
variable.

A liquid fuel system (160) comprising the liquid fuel
lance (156) as claimed in any one of claims 1-7 and
an air supply control arrangement (140),

the air supply control arrangement (140) having a
valve means (140) and a valve controller (150) ar-
ranged to control the valve means (140),

the valve means (140) is arranged to operate at least
the first air passage (130A) between a closed and
an open position.
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A liquid fuel system (160) as claimed in claim 8
wherein the valve means (140) is arranged to oper-
ate at least the second air passage (130B, 130C)
between a closed and an open position.

A liquid fuel system (160) as claimed in claim 9
wherein the valve means (140) comprises at least a
first valve (140A) arranged to vary air flow into the
at least the first air passage (130A) and a second
valve (140B, 140C) arranged to operate the second
air passage (130B, 130C),

wherein the firstand second valves are in series with
one another.

A liquid fuel system (160) as claimed in claim 9
wherein the valve means (140) comprises at least a
first valve (140A) arranged to vary air flow into the
at least the first air passage (140B) and a second
valve (140B, 140C) arranged to operate the second
air passage (130B, 130C),

wherein the first and second valves are in parallel
with one another.

A method of operating the liquid fuel system (160)
as claimed in any one of claims 8-11 wherein the
method comprises the step of

supplying a total air flow to the at least first air pas-
sage (130A) and second air passage (130B, 130C)
adjusting the valve means (140) to supply the first
air passage (130A) with 5% to 25% of the total air
flow.

A method of operating the liquid fuel system (160)
as claimed in claim 12 wherein the liquid fuel system
comprises a plurality of liquid fuel injectors (156), the
method comprises the step of

adjusting the valve means (140) to supply the first
air passages (130A) with 5% to 25% of the total air
flow to the plurality of liquid fuel injectors (156).

A method of operating the liquid fuel system (160)
as claimed in any one of claims 12-13 comprising
the step of

adjusting the valve means (140) to supply the first
air passage (130A) with 5% to 25% of the total air
flow during engine start-up or weak extinction.

A method of operating the liquid fuel system (160)
as claimed in any one of claims 2-14 comprising the
step of

adjusting the valve means (140) to supply the first
air passage (130A) with approximately equal
amounts of the total air flow during normal engine
running.
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