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(57) Abréegée/Abstract:
A dual fuel nozzle Is provided with two different size injection holes. The first injection holes have larger diameters and are used
only for injecting gaseous fuel into a combustion chamber. On the other har

and are used for injecting either gaseous fuel or liquid fuel as required. W

large or

dependir

medium, both of the first and the second injection holes or first Ir
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d, the second Injection nozzles have smaller diameters
en gaseous fuel Is used, If the fuel injection amount Is
Jection holes only are used for injecting gaseous fuel

g upon the required fuel injection amount. VWWhen the fuel injection amount is low, only the second injection hole Is used

for Injecting gaseous fuel. Therefore, the pressure drop across the fuel nozzle can be kept at sufficiently high level even when the

fuel Injection amount is low, and thereby corr
steam mixture Is injected from the second Inj
order to suppress combustion vibration wher
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bustion vibration Is suppressed. Further, when liguid fuel is used, a premixed fuel anad
ection holes. This also keep the pressure drop across the fuel nozzle at high level In
the fuel injection amount is low.
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A DUAL FUEL NOZZLE~

ABSTRACT OF THE DISCLOSURE

A dual fuel nozzle is provided with two different
size injection holes. The first injection holes have
larger diameters and are used only for injecting gaseous
fuel into a combustion chamber. On the other hand, the
second injection nozzles have smaller diameters and are
used for injecting either gaseous fuel or liquid fuel as
required. When gaseous fuel is used, 1f the fuel
injection amount is large or medium, both of the first
and the second injection holes or first injection holes
only are used for injecting gaseous fuel depending upon
the required fuel injection amount. When the fuel
injection amount is low, only the second injection hole
1s used for injecting gaseous fuel. Therefore, the
pressure drop across the fuel nozzle can be kept at
sufficiently high level even when the fuel injection
amount 1s low, and thereby combustion vibration 1S
suppressed. Further, when ligquid fuel is used, a
premixed fuel and steam mixture is injected from the
second injection holes. This also keep the pressure drop
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A DUAL FUEL NOZZLE

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a dual fuel
nozzle which is capable of injecting either a gaseous
fuel or a liquid fuel into the combustion chamber of, for
example, a gas turbine.

2. Description of the Related Art

An engine operating on either a gaseous fuel or
a liquid fuel, as required, such as a gas turbine, is
equipped with dual fuel nozzles capable of supplying
either a gaseous fuel or a liquid fuel to the combustion
chamber (combustor) of the engine. Usually, a dual fuel
nozzle 1s provided with separate injection holes
exclusively used for a gaseous fuel and a liquid fuel.
Further, a dual fuel nozzle is provided with atomizing
holes used for injecting aﬁomizing Steam or water when
ligquid fuel is used. Atomizing steam or water is used
for atomizing the liquid fuel, and thereby supplying
liquid fuel to the combustion chamber in the form of very
fine particle in order to suppress exhaust smoke.

Fig. 3 shows a typical longitudinal section of
a conventional dual fuel nozzle of a gas turbine and
Fig. 4 is an end view of the nozzle viewing from the
direction indicated by the line IV-IV in Fig. 3.

In Fig. 3, reference numeral 3 designates a
dual fuel nozzle as a whole, 1 designates an inner tube
of the combustor of a gas turbine. The dual fuel
nozzle 3 1is provided with a nozzle tip 6 at the end
thereof. A liquid fuel injection hole (a tip hole) 9 for
injecting liquid fuel is disposed at the center of the
nozzle tip 9 and, as shown in Figs. 3 and 4, atomizing
holes 10 and gaseous fuel injection holes 7 are disposed
concentrically around the nozzle tip 6. Further,

swirlers 2 for forming a swirl of combustion air are
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disposed between the nozzle 3 and the inner tube 1.

Combustion air is supplied through an air
passage Z2a formed by an annular space between the
nozzle 3 and the inner tube 1. Combustion air in the air
passage 2a forms a swirl when it passes through the
swirler 2 and flows into the combustion chamber (the
inside of the inner tube 1).

When gaseous fuel is used, fuel is supplied to
a gaseous fuel passages 7a and injected into the inner
tube 1 from the gaseous fuel injection holes 7. Gaseous
fuel injected from the gaseous fuel injection holes 7
burns in the combustion chamber and forms a diffusion
flame 8, as shown in Fig. 4. On the other hand, when
liquid fuel is used, liquid fuel is supplied to a liquid
fuel passage 6a and injected from the liquid fuel
injection hole 9 of the nozzle tip 6 into the swirl of
combustion air and forms the diffusion flame 8. Further,
when liquid fuel is used, steam or water is injected from
the atomizing holes 10 in order to atomize the ligquid
fuel injected from the liquid fuel injection hole 9.

However, in the conventional type dual fuel
nozzle in Figs. 3 and 4, especially when the amount of
fuel injection is small, vibratory combustion may occur.
An engine such as a gas turbine is required to operate
over a wlde load range. Thus, the amount of fuel
injected from the nozzle changes widely in accordance
with the change in the engine load. Therefore, in the
conventional dual fuel nozzle, the injection holes must
have large diameters so that a sufficient amount of fuel
can be injected therethrough when the engine load is
high. However, if the injection holes having large
diameters are used, it is necessary to reduce the fuel
supply pressure largely in order to reduce the fuel
injection amount when the engine load is low. When the
fuel supply pressure becomes low, the difference between
the combustion chamber and the fuel supply pressure

(1.e., the pressure difference across the fuel nozzle)
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becomes small. When the pressure difference across the
fuel nozzle is low, the amount of fuel passing through
the nozzle, i.e., the fuel injection amount changes
largely in response to fluctuation of the pressure in the
combustion chamber. Further, the change in the fuel
injection amount causes changes in the combustion
pressure (the pressure in the combustion chamber).
Therefore, the fluctuation of the pressure in the
combustion chamber is amplified and vibratory combustion
occurs 1f the frequency of the fluctuation of the
pressure in the combustion chamber matches the
hydrodynamic natural frequency of the fuel supply system.
This causes unstable combustion in the combustion chamber
and a low frequency combustion vibration in which
vibration and noise due to cyclic change in the pressure
in the combustion chamber occur. The combustion
vibration occurs when either gaseous fuel or liquid fuel
1s used if the pressure difference across the fuel nozzle
becomes low.

Therefore, in the conventional dual fuel
nozzle, it 1is necessary to keep the fuel injection amount
at a relatively large value in order to suppress
combustion vibration. This cause a problem when the
conventional type dual fuel nozzle is used as a pilot
burner for a premixed combustion type low NO, combustor.
The premixed combustion type low NO, combustor is a
combustor which reduces the amount of NO, generated by
combustion by lowering the combustion temperature by
burning fuel in a premixed combustion mode in the
combustor. However, if the conventional dual fuel nozzle
1s used for a pilot burner, since the fuel injection
amount must be kept at a relatively large value in order
Lo suppress combustion vibration, it is difficult to
lower a pilot fuel ratio (a ratio of the fuel injection
amount of a pilot burner to a total fuel injection amount
of the combustor). 1In this case, since the fuel injected
from the pilot burner burns in a diffusion combustion
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mode as explained before, a relatively large amount of
NOy is produced by the pilot burner due to a relatively
high temperature of the diffusion combustion. Therefore,
the amount of NO, produced by the premixed combustion
type combustor increases as the pilot fuel ratio becomes
larger. Consequently, if the conventional dual fuel
nozzle is used as a pilot burner for the premixed
combustion low NO, combustor, it is difficult to reduce
the amount of NO, sufficiently.

Further, since the conventional dual fuel
nozzle requires atomizing holes for injecting steam or
water 1n addition to the gaseous fuel injection holes and

liquid fuel injection holes, the construction of the
nozzle 1s complicated.

SUMMARY OF THE INVENTION

In view of the problems in the related art as set
forth above, the object of the present invention is to
provide a dual fuel nozzle having a simple construction

and belng capable of suppressing the combustion vibration
when the fuel injection amount is low.

The object as set forth above is achieved by a dual

fuel nozzle for injecting gaseous fuel and/or ligquid fuel
into a combustion chamber, according to the present

invention. The dual fuel nozzle is provided with a first
injection hole and a second injection hole for injecting
fuel therefrom, wherein the second injection hole has a
diameter smaller than the first injection hole and, when
gaseous fuel 1s used, the nozzle injects gaseous fuel
from one of the first and the second injection hole, or
both injection holes depending upon the required amount
of fuel injection and, when liquid fuel is used, the
nozzle injects a mixture of liquid fuel and steam from
the second injection hole.

According to the present invention, the dual fuel
nozzle 1s provided with the first injection hole and the
second 1injection hole having a diameter smaller than the

first injection hole. When gaseous fuel is used, fuel 1is




10

15

20

25

30

35

CA 02291374 1999-12-01

injected from the first injection hole or the second
injection hole, or both injection holes depending on the
amount of fuel injection. For example, when the fuel
injection amount is large, gaseous fuel is injected from
pboth of the first and second injection holes. Therefore,
a large amount of fuel can be injected into the
combustion chamber. When the fuel injection amount is
medium, gaseous fuel is injected only from the first
injection hole having a larger diameter. When the fuel
injection amount is small, gaseous fuel is injected only
from the second injection hole having a smaller diameter.
Since the second injection hole has a smaller diameter,
the flow resistance thereof is high. Therefore, by using
the second injection holes, the pressure difference
across the nozzle remains large even when the fuel
injection amount is small. Consequently, when gaseous
fuel is used, the sensitivity of the fuel injection
amount to the fluctuation of the pressure in the
combustion chamber becomes low, and combustion vibration
in the low fuel injection amount operation is effectively
suppressed.

Further, when liquid fuel is used, liquid fuel is
premixed with steam before it is injected into the
combustion chamber. This mixture of fuel and steam is
injected from the second injection hole having a smaller
diameter. Therefore, the velocity of the mixture passing
through the nozzle is kept high even when the fuel
injection amount becomes low. This maintains the
pressure difference across the nozzle sufficiently high
to suppress the combustion vibration when the fuel
injection amount is small. Further, since the velocity
of the mixture of liquid fuel and steam injected from the
second 1injection hole is high, good atomization of the
liquid fuel is obtained without using separate injection
of atomizing steam or water. Thus, the dual fuel nozzle
of the present invention does not require separate

atomizing holes for injecting atomizing steam or water,
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and thereby the construction of the nozzle becomes
largely simplified.

The dual fuel nozzle according to the present
invention may be used as pilot burner or a main burner
of a gas turbine combustor. If the dual fuel nozzle
according to the present invention 1s used as a pilot
burner for a premixed combustion type low NOyx gas
turbine combustor, the pilot fuel ratio can be largely
reduced and, thereby, the total amount of NO, produced
by the combustor can be sufficiently reduced.

According to a broad aspect of the present

invention there is provided a method of operating a

dual fuel nozzle to inject gaseocus fuel and/or liquid
fuel into a combustion chamber. A fuel nozzle 1is
provided with a first injection hole and a second
injection hole for injecting fuel therefrom. The
second i1njection hole has a diameter smaller that the
first injection hole wherein, when gaseous fuel 1is
used, the nozzle injects gaseous fuel from one of the
first and second 1injection holes or from both
injection holes simultaneously, to provide for three
different levels of gaseous fuel injection depending
upon the required amount of fuel 1njection and, when
liquid fuel 1s used, the nozzle injects a mixture of
liguid fuel and steam from the second injection hole.

BRIEF DESCRIPTION OF THE DRAWINGS

The present i1nvention will be better understood
from the description, as set forth hereinafter, with
reference to the accompanying drawings in which:

Fig. 1 shows a schematic longitudinal section view
of an embodiment of a dual fuel nozzle according to
the present invention;

Fig. 2 shows an end view of the nozzle viewing
from the direction II-II in Fig. 1;

Fig. 3 shows a schematic longitudinal section view
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of a conventional dual fuel nozzle:;

F1g. 4 shows an end view of the conventional dual

fuel nozzle viewing from the direction IV-IV in Fig.
3;

Fig. 5 1s a partial longitudinal section view of a
premixed combustion type combustor of a gas turbine
which uses the dual fuel nozzle in Fig. 1 as a pilot
burner;

Fig. 6 1s a longitudinal section view showing the
construction of the combustor in Fig. 5;

Fig. 7 1s a partial section view showing the
arrangement of the combustor in a gas turbilne;

Fig. 8 1s a partial longitudinal section view of a
diffusion combustion type combustor of a gas turbine
which uses the dual fuel nozzle in Fig. 1 as a main
burner; and

Fig. 9 1s a schematic drawing explaining a
changeover between gaseous fuel and liquid fuel of a

dual fuel nozzle.
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DESCRIPTION OF THE PREFERRED EMBODIMENT

Hereinafter, embodiments of the dual fuel nozzle
according to the present invention will be explained with
reference to Figs. 1 through 9.

Fig. 1 is a sectional view of an embodiment of a
dual fuel nozzle according to the present invention. 1In
Fig. 1, reference numeral the same as those in Figs. 3
and 4 designate similar elements.

In this embodiment, a dual fuel nozzle 3 is provided
with a plurality of first injection holes 4 having a
relatively large diameter and second injection holes 5
having a diameter smaller than that of the first
injection holes. Numeral 4a and 5a in Fig. 1 are first
fuel passages connected to the first injection holes and
second fuel passages connected to the second injection
holes, respectively. Fig. 2 is an end view of the dual
fuel nozzle in Fig. 1 viewing from the direction II-II in
Fig. 1. As shown in Fig. 2, the first injection holes 4
and the second injection holes 5 are arranged in
concentric manner on the end of the nozzle 3.

The first fuel passages 4a and the first injection
holes 4 in this embodiment are used exclusively for
gaseous fuel and the second fuel passages 5a and the
second injection holes 5 having smaller diameters are
used for either gaseous and liquid fuel depending upon
requirement.

Namely, when gaseous fuel is used, both of the first
and the second injection holes 4 and 5 are used for
injecting fuel if a large amount of fuel is to be
injected. On the other hand, if the required fuel
injection amount is small, only the second injection
holes 5 having smaller diameters are used for i1njecting
gaseous fuel. Further, when a medium amount of fuel is
to be injected, only the first injection holes having
larger diameters are used. By switching the injection
holes in accordance with the required fuel injection

amount, a total cross sectional area of the flow passage
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of fuel 1is set at an appropriate value in accordance with
the fuel injection amount. For example, when the fuel
injection amount is large, the total cross sectional area
of the fuel flow passage is set at a large value by using
both of the first and the second injection holes 4 and 5.
In this case, flow resistance through the fuel passage
does not become excessively high when a large amount of
fuel flows therethrough. Therefore, a sufficient amount
of fuel can be supplied to the combustor. Further, when
the fuel injection amount is small, the total cross
sectional area of the fuel flow passage is set at a small
value by using only the second injection holes 5.
Therefore, the pressure difference across the nozzle is
not lowered even when the fuel injection amount is low.
In this case, the fuel flow amount through the nozzle
(1.e., fuel injection amount) does not change largely
even when the pressure in the combustion chamber
fluctuates. Thus, combustion vibration in the low fuel
injection amount operation is effectively suppressed.
When liquid fuel is injected, liquid fuel is
premixed with steam and the mixture of fuel and steam is
supplied through the second fuel flow passages 5a and the
second injection holes 5 having smaller diameters.
Therefore, in this embodiment, the velocity of the
mixture flowing through the passage 5a and the injection
holes 5 becomes much higher than that in the case where
only liquid fuel is injected from the second injection
holes 5. Thus, when liquid fuel is used, the pressure
difference across the nozzle is always kept at a
sufficiently high value in order to suppress combustion
vibration in a low fuel injection amount operation.
Further, when liquid fuel is used, since ligquid fuel
1s premixed with steam before it is supplied to the
nozzle 3, the dual fuel nozzle in this embodiment does
not require separate atomizing holes (numeral 10 in
Figs. 3 and 4) for injecting atomizing steam or water.

Therefore, the construction of the dual fuel nozzle 3 is
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largely simplified according to the present embodiment.

The actual diameters of fuel passages 4a, 5a and
injection holes 4, 5 as well as the flow range for using
the respective injection holes and fuel passages are
determined, preferably by experiment, in such a manner
that a pressure difference across the nozzle becomes
sufficiently high for suppressing the combustion
vibration over the entire range of fuel injection
amounts.

Figs. 5 to 7 show an embodiment in which the present
invention is applied to a premixed combustion type gas
turbine combustor. Figs. 5 and 6 are longitudinal
section view of the gas turbine combustor. In Figs. 5 to
7, reference numerals the same as those in Fig. 1
designate similar elements.

In Fig. 5, the dual fuel nozzle 3 according to the
present invention is disposed along the center axis of a
cylindrical combustor 10 and acts as a pilot burner. 1In
the combustor 10, a plurality of main nozzles 13 are
disposed around the dual fuel nozzle 3 and a conical
shape cone 15 surrounding the nozzle 3 is disposed
between the dual fuel nozzle 3 and the main nozzles 13.
Fuel injected from the respective main nozzles 13 mixes
with combustion air passing through swirlers 13a of the
main nozzles and forms a mixture of fuel and air. This
premixed fuel and air is ignited by the flame 8 produced
by the pilot burner 3 in the inner tube 1.

Fig. 7 is a sectional view of a gas turbine which
shows the arrangement of the combustor within the gas
turbine. 1In Fig. 7, numeral 100 designates a gas turbine
as a whole, 101 designates an axial compressor of the gas
turbine and 103 designates turbines installed on a rotor
shaft 105 connected to the compressor 101. Ambient air
ls pressurized by the compressor 101 and flows into the
casing 107 of the gas turbine. The pressurized air in
the casing 107 is, then, supplied to the combustor 10 as
combustion air from the combustion air inlet port (not
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shown) disposed near one end of the combustor 10. As
shown 1in Figs. 6 and 7, the inner tube 1 of the .
combustor 10 is connected to a tail tube 17, and the
combustion gas produced in the inner tube 1 is supplied
to first stage stators 19 of turbines through the tail
tube 17. The combustion gas passes through the

stators 19 turns the turbine rotor 105 and, via the rotor
shaft 105, the compressor 101 and external load connected
to the rotor shaft 105.

Fig. 8 shows another embodiment in which the present
invention is applied to a diffusion combustion type
combustor of a gas turbine. 1In Fig. 8, reference
numerals the same as those in Fig. 1 designate similar
elements. In Fig. 8, the dual fuel nozzle 3 of the
present 1nvention acts as a main nozzle of the
combustor 10 and the diffusion combustion occurs in the
combustor 10. The inner tube 1 of the combustor 10 is
connected to the tail tube 17 and the combustion gas
produced by the main burner 3 is directed to the stators
(not shown) through the tail tube 17.

Fig. 9 schematically shows the fuel supply system
for supplying fuel to the dual fuel nozzle 3. 1In Fig. 9,
numeral 91 designates a gaseous fuel line connected to a
pressurized gaseous fuel source 92. 93 and 95 are branch
lines which connect the gaseous fuel line 91 to the fuel
passages 4a and 5a, respectively. On the lines 93 and
95, flow control valves 81 and 83 are disposed. Further,
on the branch line 95, a check valve 82 is disposed in
order to prevent the liquid fuel from entering into the
gaseous fuel line 91 when liquid fuel is supplied to the
second fuel passage 5a. .

The branch line 95 is further connected to a
pressurized liquid fuel source 94 via a liquid fuel
line 97 and to a steam source 96 via a steam line 99. On
the lines 97 and 99, flow control valves 85, 87 and check

valves 84 and 86, respectively, are disposed. The check
valves 84 and 86 prevents gaseous fuel from entering into
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the liquid fuel line 97 and the steam line 99 when
gaseous fuel 1s supplied to the second fuel passage 5a.
In the arrangement in Fig. 9, fuel can be switched
from gaseous fuel to liquid fuel, or vice versa, without
extinguishing the flame in the combustor 10. During the
switching of fuel, both gaseous fuel and liquid fuel are
supplied to dual fuel nozzle 3 at the same time by
adjusting the flow control valves 83 and/or 85 and flow
control valves 87 and 89 in accordance with the operating

condition of the gas turbine.
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CLAIMS:

1. A method of operating a dual fuel nozzle to
inject gaseous fuel and/or liquid fuel into a combustion
chamber, the fuel nozzle being provided with a first
injection hole and a second injection hole for injecting
fuel therefrom, the second injection hole having a
diameter smaller than the first injection hole, wherein,
when gaseous fuel 1s used, the nozzle injects gaseous
fuel from one of the first and the second injection holes
or from both injection holes simultaneously, to provide
for three different levels of gaseous fuel injection
depending upon the required amount of fuel injection and,
when liquid fuel 1s used, the nozzle injects a mixture of

liquid fuel and steam from the second injection hole.

2. The method as set forth in claim 1, wherein the
method comprises operating the nozzle as a pilot burner

of a gas turbine combustor.

3. The method as set forth in claim 1, wherein the
method comprises operating the nozzle as a malin burner of

a gas turbine combustor.

4. The method as set forth in claim 2, wherein the

method comprises operating the gas turbine combustor as a

premixed combustion type combustor.
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