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SAFETY DEVICE FOR A WASHING SYSTEM FOR LIQUID FUEL BURNERS
IN GAS TURBINES

ABSTRACT

A safety device for a washing system for liquid fuel burners in gas turbines, in which
these turbines are provided with separate injectors for the combustion of liquid fuel or
gaseous fuel, wherein the washing system comes into use when gaseous fuel 1s used
and comprises a feed pipe (28, 30) for washing gas, a manifold (14) from which liquid
fuel 1s distributed to the burners, and a drainage pipe (26) in order to discharge
deposits of liquid; on the feed pipe (28, 30) there i1s inserted a closed tank (20) 1n
which there are provided apertures both for an intake pipe (28) and for an outlet pipe

(30) for the washing gas, for the drainage pipe (26) and for at least two liquid level
sensors (32, 34).
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SAFETY DEVICE FOR A WASHING SYSTEM FOR LIQUID FUEL BURNERS
IN GAS TURBINES

The present invention relates to a safety device for a washing system for liquid fuel

Injectors 1n gas turbines.

As is known, gas turbines comprise a compressor in which air obtained from the

external environment 1s compressed.

This compressed air passes into a series of combustion chambers which contain one
or more burners, into each of which an injector feeds fuel which 1s mixed with the air

in order to form a mixture of air and fuel to be burmnt.

Subsequently the burnt gases are conveyed to the turbine, which transforms the
enthalpy of the gases burnt in the said combustion chamber into mechanical energy

which 1s available to a user.

In particular, there exist gas turbines which function with "dual fuel", 1.e. with two

types of fuel, in other words liquid or gaseous.

In this case the turbines are provided with separate injectors for combustion

respectively of the gaseous or liquid fuel.

When the turbine is functioning with gaseous fuel, the liquid fuel injector is not fed
and therefore it becomes necessary to wash the injectors which are not being used
with a flow of inert gas or air. This is in order to prevent intake of mixtures of air and
fuel or burnt gases in cases in which there is not a perfect seal upstream from the

injector.

In addition, the continuous washing has a beneficial effect of cooling the injectors and
eliminates any residual trace of liquid fuel which could cause problems. If in fact
liquid fuel remains inside the burner, it could become carbonised owing to the effect

of the high temperature and therefore block the injection holes of the injectors.
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Advantageously, the continuous washing of the burners can be carried out with the air
taken from the outlet of the axial compressor of the turbine, using the pressure
difference between the compressor outlet and the interior of the combustion chamber.

For this reason the washing is known as "passive", since use 1s made of the loss of

pressure in the combustion chamber.

Additionally, the system for this washing must be provided with a protection device,
so that when the burner is fed with the liquid fuel, the latter cannot flow back through

the washing air feed pipe into the compressor discharge box, with the nisk of self-

ignition and consequent serious structural damage to the turbine.

At present the system is produced using a stop valve on the air feed line, through

which a manifold which distributes the air to the various burners is fed.

Each pipe which connects the air manifold to the various burners 1s then provided
with a further stop valve, whereas at the lowest point of the manifold there 1s provided

a drainage valve which is connected to an external system for collection of the

drainage products.

When the turbine is functioning with gaseous fuel, the stop valve on the line for
feeding air to the manifold and the stop valves on the burners are open, thus
permitting washing of the burners. It will be appreciated that in this case the drainage

valve remains closed.

On the other hand when the burner is fed with the liquid fuel, the stop valve on the air
feed line, which for the sake of simplicity will also be called the feed valve, and the
other stop valves, are closed, thus guaranteeing physical separation of the washing air
obtained from the axial compressor, from the liquid fuel which is conveyed to the

injectors.

In this case the drainage valve is open. By this means any blow-by of liquid fuel
caused by breakage or imperfect sealing of a valve is collected in the manifold and
discharged from the drainage collection system. This system can also be provided

with a visual pilot lamp or other type of signal to indicate the leakage.
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However, 1f this type of system were subjected to substantial leakages of liquid fuel, it
would not be possible to guarantee adequate protection against the risk of dangerous

self-1gnition.

The object of the present invention is thus to eliminate the above-described
disadvantages and in particular to provide a safety device for a washing system for
l1quid fuel 1njectors in gas turbines, which makes it possible to indicate the presence

of leakages efficiently, directly on the control panel of the gas turbine.

Another object of the present invention is to provide a safety device for washing
system for liquid fuel injectors in gas turbines, which in particularly reliable, simple

and functional, and has relatively low costs.

This object and others according to the present invention are obtained by providing a
satety device for a washing system for liquid fuel injectors in gas turbines, in which
the said turbines are provided with separate injectors for the combustion of liquid fuel
or gaseous fuel. The said washing system coming into use when gaseous fuel is used
and comprising a feed pipe for washing gas, a manifold from which liquid fuel is
distributed to the burners, and a drainage pipe in order to discharge any deposits of
liquid. On the said feed pipe there is inserted a closed tank in which there are
provided apertures both for an intake pipe and for an outlet pipe for the washing gas,

for said drainage pipe and for at least two liquid level sensors.

Advantageously, this safety device for a washing system fuel injectors in gas turbines
guarantees the collection of leakages or condensation inside the latter, independently

from the characteristics of the system downstream.

The characteristics and advantages of a safety device according to the present
invention for a washing system for liquid fuel injectors in gas turbines will become
more apparent form the following description provided by way of non-limiting

example with reference to the attached schematic drawings, in which:
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figure 1 1s an operating diagram of a safety device according to the present invention,

for a washing system for liquid fuel injectors in gas turbines; and

figure 2 1s a view 1n cross-section of a tank contained in the safety device in figure 1.

The figures show a safety device for a washing system for liquid fuel injectors in gas

turbines, which is indicated as 10 as a whole.
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The device comprises a tank 20, which, in the non-limiting example illustrated in
figure 2, has a cylindrical shape, is disposed with its axis vertically, and 1s closed at

both ends by a lower curved surface 22 and an upper curved surface 24.
The lower surface 22 is provided with an aperture for a drainage pipe 26.

Laterally on the tank 20 there is provided an aperture for an intake pipe 28 for ar,
whereas on the upper surface 24 or laterally on the tank 20 there is provided an
aperture for an outlet pipe 30 for arr.

Again laterally on the tank 20 there are provided two apertures at different heights for
a lower level sensor 32 and for an upper level sensor 34, which are connected to a

control panel 18 for the turbine.

Inside the upper curved surface 24 of the tank 20 there is provided a flat divider baftle
36, which divides an upper area of the tank 20 into two.

The intake pipe 28 is engaged opposite the baffle 36, whereas the outlet pipe 30 is
engaged in an upper area of the tank 20, which, relative to the baffle 36, 1S In a

position opposite that in which the pipe 28 enters.

Advantageously, the upper sensor 34 is positioned just below a lower end of the
divider baffle 36.

As can be seen in figure 1, on the intake pipe 28, outside the tank 20, there 1s provided
a first stop valve 29 for washing air obtained from an axial compressor 12 of the gas
turbine, whereas on the outlet pipe 30, again outside the tank 20, there 1s provided a
second stop valve 31 for a manifold 14 which is connected to the liquid fuel injectors

of the gas turbine.

Finally, on the drainage pipe 26, outside the tank 20, there is provided a third valve 27

for a drainage collection system 16.
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The functioning of the safety device for a washing system according to the invention
for liquid fuel injectors in gas turbines i1s apparent from the foregoing description

provided with reference to the figures, and, briefly, 1s as follows.

Two stop valves 29 and 31 are disposed on the feed line for the washing air which

feeds the manifold 14 for washing of the liquid fuel injectors.

Between these two stop valves 29 and 31 there is provided a tank 20 to collect any

drainage products and discharge them into a collection system 16 by means of the

drainage valve 27.

Liquid can be collected from inside the tank 20 both in the case in which there is

blow-by of liquid fuel, and when there is gradual accumulation of condensation

caused by the humidity of the air.

The two level sensors 32 and 34, which are positioned on two different levels,

determine when liquid has gathered and transmit this fact to the turbine control panel
18.

During the washing of the burners, if the lower sensor 32 indicates the presence of
liquid, whether this is liquid fuel or condensation, the drainage valve 27 is opened by

a command from the control panel 18 for a suitable period of time, such as to empty
the tank 20.

If this event re-occurs within a predetermined period of time, this indicates that there
is a significant leakage of liquid fuel, such that the turbine is stopped by a command
from the control panel 18.

If on the other hand it is the upper sensor 34 which indicates the presence of liquid,
this indicates that the tank 20 is almost completely full, such that the control panel 18

commands an emergency stoppage of the turbine.

On the other hand if the washing is not active, i.e. if the stop valves 29 and 31 are

closed and the drainage valve 27 is open, the tank 20 is permanently connected to the
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drainage collection system 16. In this condition it is impossible for condensation or

liquid fuel to gather, unless there is a substantial leakage of fuel.

In order to protect the turbine if the latter case occurs, if when the washing 1s not
active one of the two sensors 32 and 34 indicates an increase in the level inside the

tank 20, the turbine 1s stopped immediately by a command from the control panel 18.

Finally, suitable design factors, such as the presence of the divider baffle 36 in the
tank 20 and the arrangement of the apertures for the intake 28 and outlet 30 pipes 1n
opposite positions relative to the said divider baffle 36, prevent the liquid fuel from

being able to rise in the intake pipe 28 by the effect of capillanty.

The description provided makes apparent the characteristics and corresponding
advantages of the safety device which is the subject of the present invention, for a

washing system for liquid fuel injectors in gas turbines.

In this respect it should be noted that the embodiment proposed provides protection
against any leakages of liquid fuel, both of a small extent, in which case the leakages
are discharged to the drainage collection system, and of a large extent, in which case

the fault is identified promptly by the control panel, and the turbine is stopped.

In addition, the design characteristics of the tank guarantee collection of leakages or
condensation inside the latter, irrespective of the characteristics of the washing system
downstream, which must simply be provided with a continuous slope towards the tank

itself.

Another advantage of the device is its capacity to be able to indicate the presence of
leakages automatically, directly to the turbine control panel, which will be able to

undertake the most appropriate corrective or preventative actions.

Finally, the arrangement of the two sensors on different levels also permits
implementation of control logic for the functioning of the sensors. For example, 1f
only the upper sensor indicates the presence of liquid, at least one of the two sensors

is not functioning correctly.
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Finally it is apparent that many modifications and variations, all of which come within
the scope of the invention, can be made to the safety device thus designed, for a
washing system for liquid fuel injectors in gas turbines; in addition all the details can
be replaced by technically equivalent elements. In practice, any materials, forms and

dimensions can be used, according to the technical requirements.

The scope of the invention is therefore delimited by the attached claims.
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CLAIMS

1. A safety device for a washing system for liquid fuel burners in a
gas turbine, wherein said turbine has separate injectors for the combustion of liquid
fuel or gaseous fuel, said washing system being enabled for use when gaseous fuel is
used and comprising: a feed pipe for washing gas, a manifold for distributing liquid
fuel to the burners, and a closed tank on said feed pipe having a drainage pipe to
discharge any deposits of liquid, said closed tank further having apertures for an
intake pipe and an outlet pipe for the washing gas, and first and second liquid level

SCISOTS.

2. A device according to claim 1, wherein the apertures of said
level sensors are positioned at different heights along said closed tank above the

aperture of the drainage pipe.

3. A device according to claim 1, wherein said tank is cylindrical, is
disposed with 1ts axis vertically, and is closed at both ends by a lower surface which
receives said dramnage pipe, and an upper surface, the apertures for said intake pipe
and for said outlet pipe being provided in the said upper surface or in the cylindrical
surface of the tank, the apertures for said level sensors being provided in the

cylindrical surface of the tank.

4, A device according to claim 1, including a first stop valve on
said 1ntake pipe and outside the tank, a second stop valve on said outlet pipe, outside
the tank, and a third stop valve on said drainage pipe, outside the tank, said valves
being actuated according to commands from a control panel for the gas turbine, and in

which information obtained from said level sensors is processed.

5. A device according to claim 1, including a flat divider baffle
inside the upper surface of the tank, said divider dividing an upper area of the tank

Into two parts.

0. A device according to claim 5, an inlet aperture of said intake
pipe lies opposite the baffle, an outlet aperture of said opposite outlet pipe lying in a
part of an upper area of said tank opposite that portion of the tank in which the
aperture of the inlet pipe 1s provided.
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7. A device according to claim 6, wherein said first level sensor is

positioned below a lower end of the divider baffle, said first level sensor being

above said second sensor.

8. A device according to claim 1, wherein said washing gas is an

Inert gas.

9. A device according to claim 1, wherein said washing gas is air

obtained from and axial compressor of the gas turbine.

10. A device according to claim 1, any said deposit of liquid 1is

comprised of condensation and/or liquid fuel.
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