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(57) In a liquid fuel nozzle, a main injection hole 109
for jetting main fuel 33 is of a structure having a straight
portion which is in the form of an annular flow path ex-
tending parallel to an axis of the liquid fuel nozzle 9, the
annular flow path having a flow path cross section not

changed along the straight portion. Since the flow rate
of fuel jetted out of each liquid fuel nozzle 9 is held even,
a deviation of the fuel flow rate can be suppressed without
degrading atomization performance of each liquid fuel
nozzle mounted in each combustor, and a liquid fuel noz-
zle with high reliability can be obtained.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a liquid fuel
nozzle, a gas turbine combustor, a liquid fuel nozzle of
a gas turbine combustor, and a method of rebuilding a
gas turbine combustor.

2. Description of the Related Art

[0002] Generally, in a liquid fueled combustor, liquid
fuel is jetted out of a liquid fuel nozzle in the atomized
form and is combusted while promoting mixing of small-
diameter fuel particles with air for combustion.
[0003] In one type of liquid fuel nozzle for atomizing
liquid fuel, the liquid fuel is atomized by utilizing the shear-
ing force power of a medium other than the liquid fuel,
e.g., air supplied as high pressure air. However, that
method has a problem in point of increasing an initial cost
because an air source for supplying the high pressure
air and associated auxiliaries are required. Further, when
the high pressure air for atomizing the liquid fuel is ob-
tained by bleeding air from a compressor in a gas turbine,
the pressure of the bleed air has to be increased and
motive power for increasing the pressure is required, thus
resulting in a possibility that overall efficiency of the gas
turbine is reduced.
[0004] On the other hand, a liquid fuel nozzle of the
so-called one-fluid type is known as a nozzle which does
not require the high pressure air or the like. In that type
of liquid fuel nozzle, the supply pressure of liquid fuel is
raised to increase the injection speed of the liquid fuel,
thereby atomizing the liquid fuel. By using the one-fluid
type liquid fuel nozzle, the initial cost can be reduced
because of no necessity of using the compressor for sup-
plying atomization air and the associated auxiliaries. An-
other advantage is that the bleed air introduced from the
compressor to serve as a supply source of the atomiza-
tion air is also no longer required, and the efficiency of
the gas turbine is not reduced. However, the one-fluid
type liquid fuel nozzle accompanies with a possibility that
atomization of the liquid fuel is degraded in the range of
low fuel flow rate where the injection speed of the liquid
fuel is small. Also, there is a possibility that, in the range
of low fuel flow rate such as in the ignition stage of a
combustor, the atomization is not promoted, whereby ig-
nition is failed and an exhaust amount of colored smoke
is increased with the failed ignition.
[0005] In view of the above-described problems, Pat-
ent Document 1 (JP,B 7-62522) discloses a dual orifice
fuel nozzle having a primary fuel nozzle for jetting liquid
fuel while applying a swirl component to the liquid fuel
about the axis of the fuel nozzle, and a secondary fuel
nozzle positioned around the primary fuel nozzle and jet-
ting the liquid fuel while applying a swirl component to

the liquid fuel similarly to the primary fuel nozzle. With
the feature of the dual orifice fuel nozzle, under the con-
dition of low fuel flow rate such as in the ignition stage,
the liquid fuel is jetted out of the primary fuel nozzle.
Therefore, the supply pressure of the liquid fuel can be
held at a required level even under the condition of low
fuel flow rate such as in the ignition stage. Hence atom-
ization performance is not degraded. Under the condition
of high load where the fuel flow rate is increased, the
liquid fuel can be jetted out of the secondary fuel nozzle
in addition to the primary fuel nozzle. As a result, the
liquid fuel can be atomized with superior atomization per-
formance over a wide range from the startup to the high-
load condition without causing an excessive rise of the
fuel supply pressure.

SUMMARY OF THE INVENTION

[0006] Usually, a combustor installed in a gas turbine
plant ranging from the medium to large size is constituted
by a plurality of units, and a liquid fuel nozzle is also
mounted in plural correspondingly. In that case, flow rate
characteristics of the liquid fuel nozzles, i.e., the relation-
ships between respective flow rates of the atomized fuel
from the nozzles and the fuel supply pressure, are de-
sired to be even. The reason is as follows. If the flow rate
characteristics of the liquid fuel nozzles are not even, a
deviation occurs among the temperatures of combustion
gases produced from the combustors, and the combus-
tion gases having the temperature deviation are supplied
to a turbine downstream of the combustors. Therefore,
the efficiency of power generation may be reduced and
the life span of a turbine blade may be shortened.
[0007] In view of the above-described situations, an
object of the present invention is to hold even the flow
rate of fuel jetted out of each liquid fuel nozzle without
degrading atomization performance of the fuel nozzle
mounted in each combustor.
[0008] To achieve the above object, a liquid fuel nozzle
of the present invention is featured in that a main injection
hole for jetting main fuel is of a structure having a straight
portion which is in the form of an annular flow path ex-
tending parallel to an axis of the liquid fuel nozzle, the
annular flow path having a flow path cross section not
changed along the straight portion.
[0009] According to the present invention, a deviation
of the fuel flow rate can be suppressed without degrading
the atomization performance of each liquid fuel nozzle
mounted in each combustor, and a liquid fuel nozzle with
high reliability can be obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Figs. 1A and 1B are each a detailed sectional view
of a distal end portion of a liquid fuel nozzle according
to a first embodiment of the present invention;
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Fig. 2 is a diagram showing the liquid fuel nozzle
according to the first embodiment along with details
of a fuel supply system;
Fig. 3 is a diagram showing the overall construction
of a gas turbine plant including a combustor;
Fig. 4 is a detailed sectional view of a distal end por-
tion of a liquid fuel nozzle according to a second em-
bodiment of the present invention;
Figs. 5A and 5B are each a detailed sectional view
of a distal end portion of a liquid fuel nozzle according
to a third embodiment of the present invention;
Fig. 6 is a detailed sectional view of a distal end por-
tion of a fuel nozzle as Comparative Example 1; and
Figs. 7A, 7B and 7C are each a detailed sectional
view of a distal end portion of a fuel nozzle as Com-
parative Example 2.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] Prior to describing embodiments of the present
invention, comparative examples are described for the
purpose of comparison.
[0012] Fig. 6 shows the structure of a fuel nozzle of
Comparative Example 1. The fuel nozzle comprises a
nozzle cover 201, a secondary chip 204, a primary chip
203, and a nozzle block 202. The primary chip 203 in-
cludes a primary swirler 205 for applying a swirl compo-
nent to liquid fuel, a primary swirl chamber 211, and a
primary injection hole 209.
[0013] The secondary chip 204 includes a secondary
swirler 206, a secondary swirl chamber 212 connected
to the secondary swirler 206 and being in the form of an
annular space which is defined by the secondary chip
204 and the primary chip 203, and a secondary injection
hole 210 formed downstream of the secondary swirl
chamber 212. Primary and secondary fuel paths 207 and
208 for supplying fuel are connected to the primary chip
203 and the secondary chip 204, respectively.
[0014] Primary liquid fuel supplied through the primary
fuel path 207 is given with a swirl component by the pri-
mary swirler 205 such that the primary liquid fuel is
swirled in the primary swirl chamber 211 and is jetted out
of the primary injection hole 209 in the form of a bell-
shaped (substantially conical) spray. Accordingly, a pri-
mary fuel nozzle is constituted by the primary fuel path
207, the primary swirler 205, the primary swirl chamber
211, and the primary injection hole 209. As with the pri-
mary liquid fuel, secondary liquid fuel is given with a swirl
component by the secondary swirler 206 such that the
secondary liquid fuel is swirled in the secondary swirl
chamber 212 and is jetted out of the secondary injection
hole 210. Accordingly, a secondary fuel nozzle is consti-
tuted by the secondary fuel path 208, the secondary swirl-
er 206, the secondary swirl chamber 212, and the sec-
ondary injection hole 210.
[0015] In the case of the fuel nozzle described above,
a most part of flow rate of the fuel is jetted out of the
secondary fuel nozzle. Further, the flow rate of the fuel

jetted out of the secondary fuel nozzle is dominated by
the secondary injection hole 210 which has a minimum
flow path cross section in the secondary fuel nozzle.
Hence control of the flow path cross section of the sec-
ondary injection hole 210 is important in deciding a flow
rate characteristic of the fuel nozzle.
[0016] The flow path cross section of the secondary
injection hole 210 is given by the cross section of an
annular flow path constituted by a gap between a throttle
portion 213 inside the secondary chip 204 and an outer
peripheral wall surface of the primary chip 203. The outer
peripheral wall surface of the primary chip 203 deciding
the flow path cross section of the secondary injection
hole 210 has a tapered conical geometry, and it is very
difficult to control the dimensions of outer and inner pe-
ripheral surfaces of the conical primary chip 203. Also,
the flow path cross section of the secondary injection
hole 210 is changed if the relative positional relationship
between the primary chip 203 and the secondary chip
204 in the axial direction is changed.
[0017] Generally, the fuel nozzle such as shown as
Comparative Example 1 is assembled by inserting the
nozzle block 202, the primary chip 203, and the second-
ary chip 204 in the nozzle cover 201, and fixedly holding
them together by using threads formed on the nozzle
cover 201 and a nozzle body 214 for screw-in mount.
Although tightening torque is controlled when the nozzle
cover 201 is fastened to the nozzle body 214, the relative
positional relationship between the primary chip 203 and
the secondary chip 204 in the axial direction is changed
if the tightening torque is changed. Therefore, a deviation
occurs in the flow rate characteristic of the fuel nozzle
and the fuel flow rate becomes uneven.
[0018] Figs. 7A, 7B and 7C show, as Comparative Ex-
ample 2, one example of means for applying a swirl com-
ponent to fuel. Fig. 7A is a longitudinal sectional view of
a fuel nozzle of Comparative Example 2, Fig. 7B is a
sectional view taken along line B-B in the direction of
arrows in Fig. 7A, and Fig. 7C is a sectional view taken
along line C-C in Fig. 7B. The fuel nozzle of Comparative
Example 2 comprises a nozzle cover 300, a nozzle chip
301, and a nozzle body 302. As shown in Fig. 7C, the
swirling direction of fuel 307 is given by forming a plurality
of fuel holes 306 in the nozzle chip 301 to obliquely extend
in the direction toward a fuel injection hole 305 at an
elevation angle α with respect to a section of the fuel
nozzle taken along the line B-B. With such an arrange-
ment, a swirl component is given to the fuel 307 having
passed through the fuel holes 306. Thereafter, swirling
flows are formed in a swirl chamber 308 defined by the
nozzle cover 300 and the nozzle chip 301 and are jetted
out of the injection hole 305. With the thus-constructed
swirl-component applying means of Comparative Exam-
ple 2, the fuel having passed through the fuel holes 306
forms flows while being subjected to actions of not only
swirling components in the circumferential direction, but
also axial components. As seen from Figs. 7B and 7C,
the fuel holes 306 are formed obliquely with respect to
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the surface of the nozzle chip 301 from which is jetted
the fuel. It is therefore difficult to machine the fuel holes
306. Also, because the fuel having passed through the
fuel holes 306 is subjected to actions of not only the swirl-
ing components in the circumferential direction, but also
the axial components, there is a possibility that the swirl-
ing components in the circumferential direction are re-
duced correspondingly. In particular, at the startup of a
combustor where the fuel flow rate is small, the fuel can-
not be sufficiently given with the swirling components in
the circumferential direction, and fuel atomization per-
formance is reduced.

(First Embodiment)

[0019] Embodiments of a liquid fuel nozzle of a gas
turbine combustor, to which is applied the present inven-
tion, will be described hereunder with reference to the
drawings.
[0020] A first embodiment is described below with ref-
erence to Figs. 1-3.
[0021] Fig. 3 is a diagram schematically showing the
overall construction of a gas turbine plant. As shown in
Fig. 3, the gas turbine plant mainly comprises a compres-
sor 1 for compressing air and producing high pressure
air 13 for combustion, a combustor 3 for mixing the high
pressure air 13 introduced for combustion from the com-
pressor 1 and fuel with each other and producing com-
bustion gas 14, and a turbine 2 to which is introduced
the combustion gas 14 produced by the combustor 3. A
shaft of the compressor 1 and a shaft of the turbine 2 are
coupled to each other.
[0022] The combustor 3 is a pressure vessel which
includes an inner casing 7 for producing the combustion
gas 14 therein, a liquid fuel nozzle 9 for atomizing liquid
fuel, a swirler 10 for applying a swirl component to the
high pressure air 13 for combustion, and an ignition plug
11 for igniting the fuel, and which is enclosed by an outer
casing 5 and an end cover 6. The liquid fuel nozzle 9 for
injecting the liquid fuel is disposed at a position on the
axis of the inner casing 7 in the upstream side. The swirler
10 for holding a diffusion flame 16 is disposed around
the liquid fuel nozzle 9, and an inner casing cap 12 is
disposed around the swirler 10. In Fig. 3, looking at the
combustion gas 14 flowing through the interior of the in-
ner casing 7, the side in which is disposed the liquid fuel
nozzle 9 represents the upstream side, and the direction
in which is supplied the combustion gas 14 toward the
turbine 2 represents the downstream direction (down-
stream side).
[0023] With the above-described construction, the
high pressure air 13 introduced for combustion from the
compressor 1 passes through an annular air path defined
by the outer casing 5 and the inner casing 7 and is intro-
duced to the interior of the inner casing 7 through com-
bustion holes and cooling holes, which are formed in a
wall of the inner casing 7 and the inner casing cap 12,
and through the swirler 10. The air supplied to the inner

casing 7 is mixed with the fuel, and a resulting gas mixture
is ignited by the ignition plug 11 and combusted inside
the inner casing 7. The combustion gas 14 produced with
the combustion of the gas mixture is supplied to the tur-
bine 2 through a transition piece 8, thereby driving the
turbine 2. As a result, a generator 4 coupled to the turbine
2 is driven to generate electric power.
[0024] A fuel supply system includes a fuel tank 18, a
transfer pump 19, a transfer pressure control valve 20,
a high pressure pump 21, a pressure control valve 22, a
fuel shutoff valve 24, a flow rate control valve 23, a flow
divider 26, a fuel flowmeter 25, and a fuel line 17. The
pressure of the liquid fuel is boosted by the transfer pump
19 and the high pressure pump 21, and is set to a pre-
determined pressure by the pressure control valve 22
disposed in a bypass line of the high pressure pump 21.
The liquid fuel having the boosted pressure passes
through the flow rate control valve 23 having a valve
opening controlled to a predetermined value, the fuel
shutoff valve 24, and the fuel flowmeter 25. Thereafter,
the liquid fuel is distributed to respective combustors by
the flow divider 26 and is supplied to the liquid fuel nozzle
9.
[0025] Fig. 2 shows details of the fuel supply system
for the liquid fuel nozzle 9. The liquid fuel nozzle 9 ac-
cording to this first embodiment is divided into a pilot sys-
tem which ensures superior atomization performance un-
der the condition of low fuel flow rate such as in the ig-
nition stage, and a main system which enables the fuel
to be jetted under the condition of large fuel flow rate,
such as the condition of high load, without excessively
raising the supply pressure. A pressurization valve 29 is
disposed in the downstream side of a main flow path 35,
and the main flow path 35 is joined with a pilot flow path
34 at a distribution pipe 36 disposed upstream of the
main flow path 35. A check valve 28 is disposed upstream
of the distribution pipe 36 and is connected to the fuel
supply system including the above-described pumps,
valves, etc. Further, a purge air flow path 30 in the pilot
system is communicated with still another end of the dis-
tribution pipe 36, and a main purge-air flow path 31 is
communicated with the main flow path 35 at a position
downstream of the pressurization valve 29. Upstream of
the purge air flow path 30 and the main purge-air flow
path 31, there are disposed a pilot purge air shutoff valve
37, a main purge-air shutoff valve 38, a pressure control
valve 39, and a purge air compressor 27.
[0026] The operation of the thus-constructed fuel sup-
ply system and purge air supply system will be described
in brief. After passing through the flow rate control valve
23 and the fuel shutoff valve 24, the fuel supplied from
the high pressure pump 21 is distributed to the respective
combustors by the flow divider 26 and is introduced to
the distribution pipe 36 through the check valve 28. The
check valve 28 serves to prevent the air for combustion,
the combustion gas, the purge air, etc. from flowing back-
ward toward the auxiliaries in the fuel supply system,
such as the pumps. The fuel supplied to the distribution
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pipe 36 is distributed to the pilot flow path 34 and the
main flow path 35. Under the condition of low fuel flow
rate such as in the ignition stage, the fuel pressure acting
on the pressurization valve 29 disposed midway the main
flow path 35 is so low as to be not able to open the pres-
surization valve 29, and the fuel is supplied to only the
pilot flow path 34.
[0027] Thereafter, when the fuel flow rate is increased
with an increase of gas turbine speed and load, the fuel
pressure acting on the pressurization valve 29 is raised
up to a level sufficient to open the pressurization valve
29. Hence the fuel is supplied to not only the pilot flow
path 34, but also to the main flow path 35.
[0028] The operation of stopping the gas turbine will
be described in brief below. When the gas turbine is
stopped by stopping the supply of the fuel, the fuel re-
maining inside the liquid fuel nozzle 9 may cause coking,
i.e., a phenomenon that the fuel is carbonized by receiv-
ing heat from various components of the combustor and
is fixedly stuck to the interior of the liquid fuel nozzle 9.
In the worst case, the fuel injection hole is closed and
the fuel cannot be jetted out of the fuel injection hole.
[0029] To avoid such a possibility, the liquid fueled
combustor according to this first embodiment includes
means for supplying, e.g., air, for the purpose of discharg-
ing the fuel residing in the liquid fuel nozzle to a combus-
tion chamber. In this first embodiment, the pilot flow path
34 and the main flow path 35 also include means for
supplying purge air for the same purpose. More specifi-
cally, after the gas turbine has been stopped, purge air
supplied from the purge air compressor 27 is controlled
to have a predetermined pressure by the pressure control
valve 39 and then supplied to the pilot and main flow
paths of the liquid fuel nozzle through the pilot and main
purge-air shutoff valves 37 and 38.
[0030] Further, in the dual orifice liquid fuel nozzle 9
according to this first embodiment, under the condition
of low fuel flow rate, such as in the ignition stage, where
the fuel is not supplied to the main flow path 35, the purge
air is supplied to only the main flow path 35 such that the
atomization of the fuel jetted out of a pilot nozzle can be
assisted by the purge air jetted out of a main nozzle.
Accordingly, it is possible to promote the atomization of
the fuel jetted out of the pilot nozzle, and to increase
reliability of ignition.
[0031] Figs. 1A and 1B show the detailed structure of
a front end portion of the dual orifice liquid fuel nozzle
according to this first embodiment, i.e., the liquid fuel noz-
zle 9 provided with the above-described fuel supply sys-
tem. Fig. 1A is a longitudinal sectional view of the liquid
fuel nozzle 9, and Fig. 1B is a sectional view taken along
line A-A in the direction of arrows in Fig. 1A. The liquid
fuel nozzle 9 comprises a nozzle cap 100, a nozzle chip
101, a pilot chip 102, and a nozzle body 103. The pilot
chip 102 is contained inside the nozzle chip 101. The
nozzle chip 101 is contained inside the nozzle cap 100.
The pilot chip 102 and the nozzle chip 102 are fixedly
held together by using threads formed on the nozzle body

103 and the nozzle cap 100 for screw-in mount. Further,
a main swirler 106 is disposed on the outer peripheral
side of the nozzle chip 101. Incidentally, the nozzle cap
100 and the nozzle chip 101 are firmly held in place by
strongly pressing the nozzle body 103 against the nozzle
chip 101 at a contact surface between them.
[0032] The nozzle body 103 has a pilot flow path 105
and a main flow path 104 which are connected respec-
tively to pilot and main supply systems for the pilot chip
102 and the nozzle chip 101. The pilot chip 102 has a
pilot swirl chamber 110 which is defined by the pilot chip
102 and the nozzle chip 101, and a pilot swirl hole 107
is formed to extend in the tangential direction of the pilot
swirl chamber 110. Pilot fuel 32 supplied through the pilot
flow path 105 flows into the pilot swirl hole 107 from the
outer circumference of the pilot chip 102 and is given with
a swirl component such that the pilot fuel 32 is swirled
inside the pilot swirl chamber 110. Further, the pilot fuel
32 forms a liquid thin film along the wall surface of the
pilot swirl chamber 110, and is jetted out of a pilot injection
hole 108 in the form of droplets.
[0033] Main fuel 33 supplied through the main flow
path 104 passes through a main fuel supply hole 112
formed in the nozzle chip 101 and flows into the main
swirler 106 through an annular flow path 113 which is
defined by the nozzle cap 100 and the nozzle chip 101.
The main fuel 33 is given with a swirl component by the
main swirler 106 such that the main fuel 33 is swirled
inside a main swirl chamber 111 which is defined by the
inner peripheral wall of the nozzle cap 100 and the outer
peripheral wall of the nozzle chip 101, followed by being
jetted out of a main injection hole 109.
[0034] The pilot injection hole 108 is disposed inside
the nozzle cap 100 and has the function of jetting the
pilot fuel from it. Also, the pilot injection hole 108 is defined
by a space between the pilot swirl chamber 110 formed
in the nozzle chip 101 and a distal end portion of the
nozzle chip 101 from which is jetted the pilot fuel 32 to-
ward the combustion chamber. The main injection hole
109 is disposed inside the nozzle cap 100 and has the
function of jetting the main fuel from it. Also, the main
injection hole 109 is defined by a space between the swirl
chamber 111 for swirling the main fuel, which has been
given with the swirl component by the main swirler 106,
and the distal end portion of the nozzle chip 101 from
which is jetted out of the pilot fuel 32 toward the combus-
tion chamber. In other words, the main injection hole 109
is in the form of an annular flow path defined between
the outer peripheral surface of the nozzle chip 101 and
the inner peripheral surface of the nozzle cap 100. Ad-
ditionally, the swirl chamber 111 communicates the main
swirler 106 and the main injection hole 109 with each
other such that the main fuel having been jetted out of
the annular flow path 113 is supplied to the main injection
hole 109 while being swirled. The swirl chamber 111 is
constituted as an annular flow path defined between the
conically-recessed inner peripheral surface of the nozzle
cap 100 and the conical outer peripheral surface of the
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nozzle chip 101.
[0035] The roles of the main supply system and the
pilot supply system will be described below. The pilot
supply system serves to promote the atomization of the
fuel by raising the fuel supply pressure even under the
condition of low fuel flow rate such as in the ignition stage.
On the other hand, the main supply system serves to
enable the fuel to be jetted without excessively raising
the fuel supply pressure even under the condition of high
load where a large fuel flow rate is required. Under the
condition of high load, therefore, a most part of the fuel
flow rate is supplied through the main supply system.
[0036] Further, in the liquid fuel nozzle according to
this first embodiment, the main injection hole 109 defined
by the nozzle cap 100 and the nozzle chip 101 is of a
structure having a straight portion which is in the form of
an annular flow path extending parallel to the axis of the
liquid fuel nozzle and which has a flow path cross section
not changed along the straight portion.
[0037] In a gas turbine power plant constituted by a
plurality of combustors, the flow rates of fuel supplied to
the individual combustors are desired to be even. Gen-
erally, the flow divider 26 for distributing the fuel to the
individual combustors has a structure capable of evenly
distributing the fuel. However, when flow deviations of
fuel nozzles are large, an allowable limit of the fuel divider
26 for ensuring even distribution is exceeded and the fuel
cannot be evenly distributed in some cases. In the dual
orifice fuel nozzle according to this first embodiment, as
described above, a most part of the fuel flow rate is oc-
cupied by the main fuel 33 jetted through the main supply
system. Accordingly, a deviation in the flow rate of the
fuel actually jetted through the main supply system with
respect to the theoretical flow rate of the fuel jetted
through the main supply system, which is calculated in
design, appears as the flow deviation of each combustor.
The flow rate of the fuel jetted through the main supply
system is dominated by the main injection hole 109 which
has a minimum flow path cross section in the main supply
system. Stated another way, the cross section of the main
injection hole 109 is the cross section of the main supply
system at the most downstream side of the pilot flow path
formed by the nozzle chip 101 (i.e., at the end of the pilot
injection hole 108). It is therefore important to reduce a
variation in the flow path cross section of the main injec-
tion hole 109 from the viewpoint of reducing the flow de-
viation.
[0038] In the fuel nozzle of Comparative Example 1
shown in Fig. 6, the secondary injection hole 210 corre-
sponding to the main injection hole 109 in the first em-
bodiment is provided as the annular flow path constituted
by the gap between the throttle portion 213 inside the
secondary chip 204 and the outer peripheral wall surface
of the primary chip 203. The outer peripheral wall surface
of the primary chip 203 deciding the flow path cross sec-
tion of the secondary injection hole 210 has a tapered
conical geometry, and it is very difficult to control the di-
mensions of outer and inner peripheral surfaces of the

conical primary chip 203. Also, the fuel nozzle such as
shown as Comparative Example 1 is assembled by in-
serting the nozzle block 202, the primary chip 203, and
the secondary chip 204 in the nozzle cover 201, and fix-
edly holding them together by using threads formed on
the nozzle cover 201 and the nozzle body 214 for screw-
in mount. When the nozzle cover 201 is fastened to the
nozzle body 214, tightening torque is controlled. Howev-
er, if the tightening torque is changed, the relative posi-
tional relationship between the primary chip 203 and the
secondary chip 204 in the axial direction is changed.
Therefore, the flow path cross section of the secondary
injection hole 210 is further changed, thus causing the
flow deviation with respect to the other fuel nozzles.
[0039] In contrast, in the liquid fuel nozzle according
to this first embodiment, the main injection hole 109 is
provided as an annular flow path having a straight portion
which is defined by an inner peripheral wall 114 at the
distal end of the nozzle cap 100 and an outer peripheral
wall 115 at the distal end of the nozzle chip 101. That
structure facilitates machining of the nozzle cap 100 and
the nozzle chip 101 which decide the cross section of the
main injection hole 109. Further, since machining accu-
racy is improved, another advantage is also obtained in
that a variation in the cross section of the main injection
hole caused by manufacturing errors can be reduced.
[0040] Moreover, in the liquid fuel nozzle according to
this first embodiment, even if, at the time of fastening the
nozzle cap 100 to the nozzle body 103, the tightening
torque is changed and the relative positional relationship
between the nozzle cap 100 and the nozzle chip 101 in
the axial direction is changed, no influence is imposed
on the flow path cross section of the main injection hole
109. It is hence possible to avoid a variation in the cross
section of the main injection hole caused by assembly of
the liquid fuel nozzle.
[0041] As shown in Fig. 1B, the main swirler 106 in this
first embodiment has fuel flow paths formed to extend in
the direction tangential to the swirl chamber 111. In other
words, the main swirler 106 is constituted such that the
main fuel is swirled in a plane perpendicular to the axis
of the pilot flow path 105. With such an arrangement, the
direction of flow of the fuel having passed through the
main swirler 106 can be given with only a swirling com-
ponent in the circumferential direction of the swirl cham-
ber 111.
[0042] In the liquid fuel nozzle according to this first
embodiment in which the fuel injection hole includes the
above-described straight portion, the contact distance
between the swirled fuel and the flow path forming the
fuel injection hole is increased. The increased contact
distance may lead to a possibility that fuel swirl intensity
is attenuated by flow path friction, a spray angle of the
fuel jetted out of the fuel injection hole is narrowed, and
the atomization performance is degraded. In the swirl-
component applying means of Comparative Example 2
shown in Fig. 7, particularly, the fuel swirl intensity cannot
be obtained at a sufficient level and the atomization per-
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formance is further reduced in some cases. In that case,
sufficient mixing between fuel and air may be impeded
because of an increase in size of fuel droplets and nar-
rowing of the spray angle. By swirling the fuel with only
the swirling component in the circumferential direction
along the swirl chamber 111 as in this first embodiment,
however, the fuel swirl intensity can be increased in com-
parison with that in Comparative Example 2. Also, even
when the main fuel is subjected to the flow path friction
in the straight portion of the flow path forming the main
injection hole 109 (i.e., along the inner peripheral wall
114 at the distal end of the nozzle cap 100 and the outer
peripheral wall 115 at the distal end of the nozzle chip
101), the main fuel can maintain a sufficient level of swirl
intensity and can be jetted without degrading the atomi-
zation performance. Accordingly, even in the case of em-
ploying fuel containing a larger amount of carbon residue,
particulate matters generated in the combustion process
can be suppressed from becoming larger in size. As a
result, it is possible to reduce the amount of discharged
carbonaceous particulate matters, to suppress genera-
tion of colored smoke, and to satisfy environmental reg-
ulations.
[0043] The advantages of the liquid fuel nozzle accord-
ing to this first embodiment can also be obtained by re-
building the existing fuel nozzle. For instance, the existing
fuel nozzle such as shown as Comparative Example 1
can be rebuilt as follows. After removing the nozzle cover
201, the inner components, i.e., the secondary chip 204,
the primary chip 203, and the nozzle block 202, are also
disassembled. Then, the pilot chip 102 and the nozzle
chip 101 according to this first embodiment are mounted
to the nozzle body 214. Finally, the nozzle cap 100 is
fitted in place. Thus, the advantages of this first embod-
iment can be obtained just by replacing some parts with
no need of renewing the entire fuel nozzle.

(Second Embodiment)

[0044] A second embodiment of the present invention
will be described below with reference to Fig. 4. Fig. 4 is
a longitudinal sectional view of the liquid fuel nozzle ac-
cording to this second embodiment. Basic components
constituting the liquid fuel nozzle are the same as those
in the first embodiment. In this second embodiment, the
pilot injection hole 108 and the main injection hole 109
are formed such that their distal ends are located at the
same position in the axial direction.
[0045] In the first embodiment, the distal end of the
pilot injection hole 108 is positioned upstream of the distal
end of the main injection hole 109. This is because the
first embodiment is intended to assist the atomization of
the fuel jetted out of the pilot nozzle by the purge air jetted
out of the main nozzle. By arranging the distal end of the
pilot injection hole 108 to be positioned upstream of the
distal end of the main injection hole 109, mixing of the
purge air jetted out of the main nozzle and the fuel jetted
out of the pilot nozzle can be promoted and an atomiza-

tion characteristic under the condition in the ignition stage
can be improved.
[0046] However, when the distal end of the pilot injec-
tion hole 108 is positioned upstream of the distal end of
the main injection hole 109 as in Comparative Example
1 and the first embodiment, fuel droplets 116 jetted out
of the pilot injection hole 108 may collide against fuel
droplets 117 jetted out of the main injection hole 109 un-
der the condition of high load where the fuel is supplied
through both the pilot and main injection holes and the
fuel flow rate is large.
[0047] Usually, when relatively large fuel droplets col-
lide against each other, the fuel droplets are broken with
the collision and an effect of providing further atomization
is also expected because the fuel droplets have large
kinetic energy. Looking at the fuel droplets jetted out of
the pilot injection hole 108, however, the droplet size is
relatively small because the fuel supply pressure is high.
When those fuel droplets collide against the fuel droplets
jetted out of the main injection hole 109, there is a pos-
sibility that the fuel droplets cannot be broken with the
collision because the fuel droplets jetted out of the pilot
injection hole 108 have small kinetic energy, and the fuel
droplets may combine with each other, thus resulting in
an increase in size of the fuel droplets on the contrary.
Particularly, under the condition of low load where fuel
supply to the main supply system side is started, the fuel
pressure in the main supply system side is still low. In
consideration of the fact that the atomization perform-
ance is degraded in the main supply system itself under
such a condition, an increase in size of the fuel droplets
may become more significant.
[0048] To avoid the above-mentioned problem, in this
second embodiment, the pilot fuel jetting position and the
main fuel jetting position are set to the same point in the
axial direction. Also, in this second embodiment, since
the length of the flow path forming the pilot injection hole
108 is increased, the spray angle of the pilot fuel is nar-
rowed with attenuation of the fuel swirl intensity due to
the flow path friction. Therefore, the fuel droplets 116
from the pilot injection hole 108 and the fuel droplets 117
from the main injection hole 109 can be jetted in a state
separated from each other. It is hence possible to avoid
the main fuel droplets and the pilot fuel droplets from
combining with each other, to suppress an increase in
size of the fuel droplets, and to reduce the amount of
carbonaceous particulate matters discharged together
with exhaust gas. When the temperature of the combus-
tion gas is high such as under the condition of high load,
generated particulate matters can be burnt out with the
combustion gas at high temperature and hence be ex-
tinguished if the particle size is small. Accordingly, the
amount of carbonaceous particulate matters contained
in the exhaust gas is reduced. With this second embod-
iment, the generated particulate matters are suppressed
from increasing in size even under the condition of low
load. Therefore, even when the temperature of the com-
bustion gas is low and the particulate matters are hard
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to extinguish, an increase in the amount of carbonaceous
particulate matters contained in the exhaust gas can be
suppressed.
[0049] While the distal end of the pilot injection hole
108 and the distal end of the main injection hole 109 are
positioned at the same point in the axial direction in the
second embodiment, an equivalent or more excellent ad-
vantage is also expected when the distal end of the pilot
injection hole is positioned downstream of the distal end
of the main injection hole.

(Third Embodiment)

[0050] A liquid fuel nozzle of a gas turbine according
to a third embodiment of the present invention will be
described below with reference to Figs. 5A and 5B. Fig.
5A is a longitudinal sectional view of the liquid fuel nozzle
according to this third embodiment, and Fig. 5B is a sec-
tional view taken along line D-D in the direction of arrows
in Fig. 5A. Basic components in this third embodiment
are the same as those in the first embodiment.
[0051] In this third embodiment, as shown in Fig. 5B,
the main fuel supply holes 112 are formed such that each
hole is positioned at a shift of phase by an angle β in the
circumferential direction with respect to an inlet of the
main swirler 106 as a basis.
[0052] In the case of the main fuel supply hole 112 and
the inlet of the main swirler 106 being positioned in the
same phase, for example, under the condition of low load
where the fuel flow rate supplied to the main supply sys-
tem is small, there is a possibility that because the
amount of the supplied fuel is small in comparison with
the volume of a swirl flow path 150, the fuel pressure loss
is reduced and the fuel cannot be evenly distributed to
the individual swirl flow paths 150. Particularly, under the
condition where the fuel supply to the main supply system
is started, there is a possibility that because the fuel jetted
out of each main fuel supply hole 112 directly flows into
the swirl flow path 150 located at a position corresponding
to the relevant hole 112, the flow rates of the fuel supplied
to the individual swirl flow paths 150 are deviated from
each other and the atomization characteristic is degrad-
ed.
[0053] In this third embodiment, the main fuel 33 hav-
ing passed through the main fuel supply holes 112 flows
into the annular flow path 113 and temporarily resides in
the annular flow path 113. Thereafter, the main fuel 33
is evenly distributed to the plurality of swirl flow paths 150
constituting the main swirler 106. On that occasion, be-
cause respective phases (positions) of the main fuel sup-
ply holes 112 and the inlets of the main swirler 106 are
relatively shifted from each other, the main fuel 33 having
been jetted out of the main fuel supply holes 112 can be
avoided from directly flowing into the swirl flow paths 150
even under the condition of small flow rate. Further, since
the main fuel temporarily resides in the annular flow path
113, it is possible to reduce the deviation in the flow rate
of the fuel supplied to the swirl flow path 150, and to jet

the fuel without degrading the atomization characteristic.
[0054] The present invention can be widely applied to
a variety of liquid fuel nozzles used for combusting liquid
fuel in addition to that used in the gas turbine combustor.

Claims

1. A liquid fuel nozzle of a gas turbine combustor (3),
said liquid fuel nozzle (9) comprising:

a nozzle cap (100) for forming a main injection
hole (109) to jet main fuel (33);
a nozzle chip (101) contained in said nozzle cap
(100), including a main swirler (106) for applying
a swirl component to the main fuel (33) and a
pilot injection hole (108) for jetting pilot fuel (32),
and forming said main injection hole (109) as an
annular flow path in cooperation with an inner
peripheral wall of said nozzle cap (100); and
a pilot chip (102) contained in said nozzle chip
(101) and including a pilot swirler (110) for ap-
plying a swirl component to the pilot fuel (32),

wherein said main injection hole (109) for jetting the
main fuel (33) is of a structure having a straight por-
tion which is in the form of an annular flow path ex-
tending parallel to an axis of said liquid fuel nozzle
(9), said annular flow path having a flow path cross
section not changed along said straight portion.

2. The liquid fuel nozzle of the gas turbine combustor
according to Claim 1, further comprising means for
applying a swirl component to the main fuel (33) in
which said liquid fuel nozzle has a swirl chamber
(111) positioned upstream of said main injection hole
(109) and promoting swirl of the main fuel (33), and
said main swirler (106) is positioned upstream of said
swirl chamber (111) and has a plurality of swirl flow
paths extending in a direction tangential to said swirl
chamber (111).

3. The liquid fuel nozzle of the gas turbine combustor
according to Claim 1, wherein said main injection
hole (109) for jetting the main fuel (33) is formed as
the annular flow path having the straight portion
which is extended parallel to the axis of said liquid
fuel nozzle (9) and which has a flow path cross sec-
tion not changed along said straight portion, and said
main swirler (106) for applying a swirl component to
the main fuel has a plurality of swirl flow paths ex-
tending in a direction tangential to a swirl chamber.

4. The liquid fuel nozzle of the gas turbine combustor
according to Claim 1, wherein a distal end of said
pilot injection hole (108) is positioned at the same
point as or downstream of a distal end of said main
injection hole (109) in an axial direction.
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5. The liquid fuel nozzle of the gas turbine combustor
according to Claim 2, wherein said liquid fuel nozzle
(9) includes an annular space positioned upstream
of said plurality of swirl flow paths (111) and distrib-
uting liquid fuel to said plurality of swirl flow paths
(111), main fuel supply holes (112) positioned up-
stream of said annular space in the same number
as said plurality of swirl flow paths and supplying the
liquid fuel to said annular space, said plurality of swirl
flow paths (111) being formed such that positions of
said main injection holes and positions of inlet ends
of said swirl flow paths are relatively shifted from
each other by a desired angle in a circumferential
direction.

6. A liquid fuel nozzle comprising:

a nozzle cap (100) for forming a main injection
hole (109) to jet main fuel (33);
a nozzle chip (101) contained in said nozzle cap
(100), including a main swirler (106) for applying
a swirl component to the main fuel (33) and a
pilot injection hole (108) for jetting pilot fuel (32),
and forming said main injection hole (109) as an
annular flow path in cooperation with an inner
peripheral wall of said nozzle cap (100); and
a pilot chip (102) contained in said nozzle chip
(101) and including a pilot swirler (110) for ap-
plying a swirl component to the pilot fuel (32),

wherein said main injection hole (109) for jetting the
main fuel (33) is of a structure having a straight por-
tion which is in the form of an annular flow path ex-
tending parallel to an axis of said liquid fuel nozzle
(9) and which has a flow path cross section not
changed along said straight portion.

7. A gas turbine combustor using a liquid fuel nozzle
comprising:

a nozzle cap (100) for forming a main injection
hole (109) to jet main fuel (33);
a nozzle chip (101) contained in said nozzle cap
(100), including a main swirler (106) for applying
a swirl component to the main fuel (33) and a
pilot injection hole (108) for jetting pilot fuel (32),
and forming said main injection hole (109) as an
annular flow path in cooperation with an inner
peripheral wall of said nozzle cap (100); and
a pilot chip (102) contained in said nozzle chip
(101) and including a pilot swirler (110) for ap-
plying a swirl component to the pilot fuel (32),

wherein said main injection hole (109) for jetting the
main fuel (33) is of a structure having a straight por-
tion which is in the form of an annular flow path ex-
tending parallel to an axis of said liquid fuel nozzle,
said annular flow path having a flow path cross sec-

tion not changed along said straight portion.

8. A method of rebuilding a gas turbine combustor us-
ing a liquid fuel nozzle (9) comprising a nozzle body
having flow paths for main fuel (33) and pilot fuel
(32), and a nozzle cap (100) containing said nozzle
body therein, said nozzle body (103) and said nozzle
cap being fixed to each other by using threads
formed thereon for screw-in mount, the main fuel and
the pilot fuel supplied through said nozzle body (103)
being jetted out of an injection hole (109) formed in
said nozzle cap, the method comprising:

a first step of removing said nozzle cap (100);
a second step of mounting a pilot chip (102) in-
cluding a pilot swirler (110) for applying a swirl
component to the pilot fuel (32);
a third step of mounting a nozzle chip (101) in-
cluding a main swirler (106) for applying a swirl
component to the main fuel (33) and a pilot in-
jection hole (108) for jetting the pilot fuel, and
forming a main injection hole (109) as an annular
flow path in cooperation with an inner peripheral
wall of said nozzle cap (100);
and
a fourth step of said nozzle cap (100) to said
nozzle body (103) such that said main injection
hole (109) for jetting the main fuel is formed to
have a straight portion which is in the form of an
annular flow path extending parallel to an axis
of said liquid fuel nozzle (9), said annular flow
path having a flow path cross section not
changed along said straight portion.
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