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A DUAL FUEL INJECTION UNIT AND DUAL FUEL FEEDING ARRANGEMENT

Technical field

[0001] The present invention relates to a fuel injection unit in accordance with the
preamble of claim 1. The present invention relates also to a fuel feeding

arrangement in accordance with the preamble of claim 9.

Background art

[0002] A so called "common rail injection” or "common pressure injection" is
known as such for injecting fuel into a combustion chamber of internal combustion
piston engines. In such a system the provision of pressurize the fuel and controlling
the injection of fuel are functionally separated from each other. Fuel is fed by
means of at least one high pressure fuel pump into a pressure supply, i.e. rail, from
which it is led through separate pipes into the injector or injection valve of each
cylinder. In practice, the operation of an injector is electronically controlled, for
instance by means of a solenoid or piezoelectric valve, in order to obtain a

sufficiently short and precise injection.

[0003] A number of the most obvious problem areas of traditional fuel feeding
systems have been solved by the use of a high pressure (up to about 2200 bar)
fuel supply, and electronically controlled fuel injection valves by means of which it
is, for instance, possible to inject fuel into an engine cylinder several times during
the same combustion stroke. In other words, the timing of the injection, the duration
of the injection and the quantity of injected fuel is in clearly better control than with
the fuel injection pumps of prior art, whereby also the emission levels in normal

operating conditions of a piston engine have been drastically reduced.

[0004] Itis known in prior art to arrange a piston engine operate by making use of
two different fuels. Typically a gaseous fuel, such as natural gas is used as the
main fuel and a liquid fuel, such as LFO or diesel fuel oil, is used to ignite the

mixture of air and gaseous fuel present in the combustion chamber of the engine.
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[0005] As an example of a fuel injection system for dual fuel, particularly gaseous
and liquid fuels, EP 0778410 B1 discloses an injection valve arrangement for an
internal combustion engine, especially a large so called gas diesel engine. The
arrangement comprises an engine cylinder head, first valve means in the form of at
least two needle valves or the like for injecting gaseous fuel directly into a cylinder
of the engine. There is also a second valve means in the form of a needle valve or
the like, for injecting so called pilot fuel into the cylinder in order to enrich the
mixture therein for ignition. Control of the operation of the gas needle valves is
arranged by means of a common control valve preferably under electrical control.
In addition, the valve needles of the gas needle valves are mechanically connected

to each other so that the movements thereof occur concurrently.

[0006] A piston engine operating as prime mover to run a generator for
producing electricity may be adapted to use various different fuels. There is a need
to provide fuel injection system for a large engine capable of using methane as

primary fuel.

[0007] An object of the present invention is to provide a fuel injection unit and
arrangement using the unit which provides improved performance in dual fuel

piston engine particularly using liquid alcohol, such as methanol as its fuel.

Disclosure of the Invention

[0008] In this specification the term "large engine" refers to such internal
combustion engines in which more than 150kW power per cylinder may be
generated. Typically, this kind of large engines are used, for example, as main
propulsion engines or auxiliary engines in marine vessels or in power plants for the
production of heat and/or electricity. Additionally LFO, MDO, diesel fuel oil or alike

are commonly called as LFO in this context.

[0009] Objects of the invention are met by a fuel injection unit for assembly to a
cylinder head and for injecting first and second fuel to a cylinder of an internal
combustion piston engine, the fuel injection unit comprising a first fuel feeding
section, a second fuel feeding section, a pressure accumulator in the first fuel
feeding section, a flow fuse arranged in the first fuel feeding section between the

pressure accumulator and a fuel injection valve of the first fuel feeding section.
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It is characteristic to the invention that the fuel injection valve comprises a fuel
handling section and control section, and the control section is a hydraulic control

section fluidly separated from the fuel handling section.

[0010] According to an embodiment of the invention the fuel handling section is
arranged to handle the introduction and metering the liquid alcohol fuel into the

combustion chamber by at least one control needle in the fuel injection valve.

[0011] According to an embodiment of the invention the second fuel feeding
section is arranged to a pilot i.e. ignition fuel for compression ignition purposes. The
amount of pilot fuel injected may be 1 to 5% of the LFO specific fuel oil

consumption in diesel mode at maximum load of the engine.

[0012] The second fuel feeding section is may also be used alone as backup

system in diesel mode.

[0013] According to an embodiment of the invention the fuel injection unit is
provided with a flow channel for the control fluid separated from the first fuel section

connected to a control valve external to the fuel injection unit.

[0014] According to an embodiment of the invention the pressure of the control
fluid is arranged to determine the operational status of the injection valve when in

use.

[0015] According to an embodiment of the invention the unit comprises at least
two successive parts and the first fuel section extends from the first part to the
second part and that the crossover location comprises a first sealing system and
that the first sealing is surrounded by a sealing chamber connectable to a source of

sealing liquid when in use.

[0016] According to an embodiment of the invention the first fuel section between
the flow fuse and the fuel injection valve is arranged to cause a pressure loss of

less than 200 bar in all operational circumstances of the valve unit.
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[0017] According to an embodiment of the invention the control section is
provided with a control valve, which is arranged to apply the pressure of control
fluid system to the control section of the valve which causes closing of the at least
one control needle, and to depressurize the control section, which causes the

opening of the at least one control needle.

[0018] Objects of the invention are met by a fuel feeding arrangement comprising
a first fuel system with at least one high pressure fuel pump which is arranged to
pressurize the fuel to the injection pressure, and a second fuel system with at least
one high pressure fuel pump which is arranged to pressurize the fuel to the
injection pressure. The arrangement comprises a fuel injection unit according
anyone of the claims 1 - 8, and the control section is provided with a control valve,
which is arranged to apply the pressure of control fluid system to the control section
of the valve which causes closing of the at least one control needle, and to
depressurize the control section, which causes the opening of the control needle

and that the control valve is arranged externally to the valve unit.

[0019] According to an embodiment of the invention the control section is

connected with the control valve by an external pipe.

[0020] According to an embodiment of the invention the valve unit comprises at
least two successive parts and that the first fuel section extends from the first part
to the second part and that the crossover location comprises a first sealing system
and that the first sealing is surrounded by a sealing chamber connectible to a
source of sealing liquid when in use, wherein the sealing chamber is connected to

an external source of sealing liquid.

[0021] According to an embodiment of the invention the first fuel system
comprises a secondary pressure accumulator dedicated for the first fuel feeding

section of the fuel injection unit.

[0022] According to an embodiment of the invention the total volume of the
integrated accumulator and the secondary accumulator is designed so that their

capacity is of 20 to 60 times the injection quantity during one combustion stage.
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Brief Description of Drawing
[0023] In the following the invention will be described with the reference to the
accompanying schematic drawing, in which Figure 1 illustrates an embodiment of

fuel feeding arrangement according to the invention.

Detailed Description of Drawing

[0024] Figure 1 describes a fuel feeding arrangement 10 in an internal
combustion engine 12, which engine is depicted only by a schematic partial
presentation of a cylinder and a cylinder head. The fuel feeding arrangement
comprises a fuel injection unit 14, which is suitable for assembly to the cylinder
head of an engine, and, in the figure 1 being assembled in such a cylinder head.
Further the fuel feeding arrangement 10 comprises a first fuel system 16 with at
least one high pressure fuel pump 18 which is arranged to pressurize the first fuel
to the injection pressure, and a second fuel system 20 with at least one high
pressure fuel pump 22 which is arranged to pressurize the second fuel to the
injection pressure. The first fuel system is arranged to feed liquid alcohol, such as

methanol and the second fuel system is arranged to feed LFO.

[0025] The fuel injection unit 14 comprises two separate fuel feeding sections 30,
40 for separate fuels. The fuel injection unit 14 is provided with communication

ports 309, 310, 311,312 via which the unit is coupled to the external system.

[0026] The second fuel feeding section 40 in all the embodiment of the invention
may be any fuel injection system apparent to a skilled person in the art suitable for
injection LFO as a pilot i.e. ignition fuel for compression ignition purposes. The
second fuel feeding section 40 comprises an injection needle 401 which may be
used for injecting pilot fuel when the engine is operating in dual fuel mode or main
fuel when the engine is operating in diesel mode. In the figure the injection needle

is controlled by fuel pressure against a spring force.

[0027] The first fuel feeding section 30 is coupled to the first fuel system 16 of
the engine, and the second fuel feeding section 40 is coupled to the second fuel
system 20. The first fuel feeding system 16 and the fuel feeding section 30 of the
unit are adapted to handle liquid alcohol, such as methanol, and the second fuel
injection system 20 and the fuel feeding section 40 of the fuel injection unit 10 are

adapted to handling LFO. The second fuel system 20 and the second fuel feeding
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section 40 of the injection unit 14 are used as pilot system by means of which a
small amount of LFO may be injected into the combustion chamber to ignite the
combustible mixture therein when the unit is used in dual fuel mode. Thus the valve
unit is a dual fuel injection unit arranged to inject two separate fuels in successive
order at least once during each combustion stage of a cylinder in the engine. Both
fuels are injected via the same unit 10 directly into a combustion chamber of the
engine. The second fuel system 20 and the second fuel feeding section 40 of the
injection unit 14 may also be used alone for injecting main fuel e.g. as a backup

system when the engine is operated in diesel mode.

[0028] The first fuel feeding section 30 of the fuel injection unit 10 comprises a
first fuel injection valve 301 arranged at a first end of the injection unit 10, which is
assembled to open in the combustion chamber. The fuel injection valve 301
comprises a fuel handling section 302 and control section 303. The fuel handling
section 302 is arranged to handle the introduction and metering of the liquid alcohol
fuel into the combustion chamber by a control needle 306 in the valve 301. In the
figure 1 there is shown only one control needle 306, but the number of control
needles 306 as well as injection valves 301 may be different in different

applications.

[0029] In such an embodiment in which there are more than one fuel injection
valve 301 the injection needle 401 of the second fuel feeding section 40 is arranged
to the middle area of the valve unit 14 and the fuel injection valves 301 of the first
fuel feeding section 30 are placed symmetrically around the injection needle 401 of
the second fuel feeding section 40. Also in such embodiment the first fuel feeding
section 30 may comprises several injection valves 301 including the control section
303 and the fuel handling section 302. Alternatively the control section 303 of the
injection valve 301may be arranged to control several fuel handling sections 302. In
such a case the control needles 306 of several fuel handling sections 302 are

mechanically connected to a single actuation piston of the control section 303.

[0030] The control section 303 is a hydraulic control section arranged control the
operation i.e. position of the control needle 306. In the fuel injection valve 201 the
fuel handling section and the control section are separated from each other in such
a manner that the first fuel and the control fluid are not substantially or intentionally
mixed with each other. The control section is arranged to operate in hydraulic

manner the fuel section with a control fluid which is separate from the fuel in the
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fuel section. In other words the control section is a hydraulic control section fluidly
separated from the fuel handling section. In practise there is a sealing arrangement
between the sections. Such a sealing arrangement may be sealing arrangement
apparent to a skilled person in the art. The fuel injection valve 301 is this way
adapted to operate with and inject methanol. The control section 303 is connected
to a control fluid system 304 which is arranged to produce pressurized control fluid

for the control section 303.

[0031] The control section 303 is provided with a control valve 305, which is
arranged to apply the pressure of control fluid system 304 to the control section 303
of the valve 301 which causes closing of the control needle 306, and to
depressurize the control section 303, which cases opening of the control needle
306. The control section comprises for example an arrangement in which the
control fluid is acting on a piston being capable to lift the piston and the control
needle 306 up against a spring's force when pressurised. The piston is
mechanically connected to the control needle 306 and to the free end of the spring

that keeps it down when the control section 303 is not pressurised.

[0032] The control valve 305 is arranged externally to the valve unit 10 connected
to a communication port 309 in the fuel injection unit 14 operating as an inlet of the
control section 303 for the fuel injection unit 10. The control valve 305 is arranged
into an external pipe 332 which is provided with a pump 334. This way a more
efficient use of the space under a rocker cover cap of the engine is achieved. In the
figure 1 the control valve 305 is an electronically operated 3/2- way valve. In some
applications of the invention it may be feasible to combine the source of sealing
liquid and control fluid system. In some cases it may be feasible to use a common
pump as well. According to an embodiment of the invention lubrication oil is used
for both the source of sealing liquid 318 and the control fluid system 304, whether

being separate or combined system.

[0033] In the embodiment of figure 1 the fuel injection unit 10, and more
specifically the first fuel feeding section 30 thereof, comprises a pressure
accumulator 307 integrated within the fuel injection body of the injection unit 10.
Additionally the first fuel system 16 comprises a secondary pressure accumulator
24 dedicated for the first fuel feeding section 30 of the fuel injection unit 10. The
total volume of the integrated accumulator 307 and the secondary accumulator 24

is designed so that the capacity is of 20 to 60 times the injection quantity during
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one combustion stage. The total volume is shared between the internal
accumulator 307 and the secondary pressure accumulator 24 case by case as
necessary. The first fuel feeding section 30 is designed so that not more than 200
bar pressure drop between the accumulator 307 and the injection valve 301 may

emerge during one injection.

[0034] In the first fuel feeding section 30 of the fuel injection unit 10 there is a flow
fuse valve 308 arranged between the accumulator 307 and the injection valve 301.
Flow fuse valve is a device allowing only a predetermined amount of fluid flow at
one instance and is design is apparent to a skilled person in the art. The flow fuse
valve 308 is integrated within the body of fuel injection unit 10, in close proximity of
a gallery of the fuel injection valve 301. This arrangement allows only minimal
amounts of residual methanol leakage in case of a failure in the needle valve

functionality.

[0035] The fuel injection unit 14 comprises at least two parts 14.1, 14.2. The first
fuel section 30 extends from the first part 14.1 to the second part 14.2. The
crossover location of the first fuel feeding section 30 at the boundary between the
parts 14.1, 14.2 comprises a first sealing system 314 circumscribing the conduit. In
the figure there is shown a view A along the plane of the boundary at the crossover
location. There additionally a chamber 316 is arranged surrounding the sealing
system 314. The chamber is here annular but the form may be of different form.
The chamber is formed e.g. by providing grooves to the parts of the unit facing
each other. The chamber 316 is connected to an external source of sealing liquid
318, preferably oil via an external communication line 320 of pressurised sealing
oil. With this arrangement it is ensured that the connections of the fuel channels
between different parts 14.1, 14.2 of the fuel injection unit 14 are free from
potentially hazardous leakages of liquid alcohol used as the fuel in the first fuel
feeding section 30. This kind of sealing chamber and its auxiliaries are provided

preferably in each corresponding crossover location.

[0036] Even if in the figure there is shown the secondary accumulator 24 in the
first fuel feeding system 16, there may be special cases when the pressure
accumulator 307 which is integrated within the fuel injection body of the injection
unit 10 constitutes the total accumulator volume for the injection unit 14. Also in this

embodiment the accumulator 307 is designed so that the capacity is of 20 to 60
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times the injection quantity during one combustion stage, and the first fuel feeding
section 30 is designed so that not more than 200 bar pressure drop between the

accumulator 307 and the injection valve 301 may emerge during one injection.

[0037] In figure there is shown also an additional feature relating to the sealing of
the crossover of the first fuel section which extends from the first part 14.1 to the
second part 14.2. The communication line is provided with a pressurizing means,
such as a pump 322 and a pressure monitoring and control system 324, 326. This
may be operated so that the chamber 316 is pressurized to a pressure which is
higher than the pressure of the fuel in the first fuel feeding section 30 at least at the
location of the crossover. The pressure is monitored by the pressure monitoring
system 324,326 and maintained at desired level by the pump 322 Since the
pressure of the sealing oil 318 is higher than the pressure of the fuel in the feeding
section 30 the sealing oil may escape to the fuel feeding section 30 and is
combusted in the engine. The pressure monitoring system comprises a pressure
sensor connected to a process controller 326.

[0038] According to an embodiment of the invention, in case a leak is detected
e.g. by detecting superfluous operation time of the pump, the process controller will
force the engine to immediately switch its mode of operation from methanol mode
to diesel mode, while at the same time the sealing oil pressure would be still
maintained at its normal set level. With this arrangement it is ensured that the
connections of the fuel channels between different parts 14.1, 14.2 of the fuel
injection unit 14 are free from potentially hazardous leakages of liquid alcohol used
as the fuel in the first fuel feeding section 30.

[0039] In figure 1 there is also shown an embodiment in which the sealing
functionality of the sealing fluid is extended to the needle guide, preventing any
liquid alcohol from leaking upwards past the needle gallery. This is represented in
the figure by a communication line 330 which connects the sealing oil groove or the
chamber 316 to the fuel handling section 302 of the fuel injection valve 301. The
sealing fluid to the needle guide may be led also by a dedicated line (not shown)
from the external communication line 320. This provides an advantageous system
for preventing alcohol base fuel leakage to the control fluid.

[0040] It is to be noted that only a few most advantageous embodiments of the

invention have been described in the above. Thus, it is clear that the invention is
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not limited to the above-described embodiments, but may be applied in many ways
within the scope of the appended claims. The features disclosed in connection with
various embodiments can also be used in connection with other embodiments
within the inventive scope and/or different assemblies can be combined from the

5 disclosed features, should it be desired and should it be technically feasible.
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CLAIMS

1. A fuel injection unit (14) for assembly to a cylinder head and for injecting
first and second fuel to a cylinder of an internal combustion piston engine, the fuel
injection unit (14) comprising:

- a first fuel feeding section (30),

- a second fuel feeding section (40),

- a pressure accumulator (307) in the first fuel feeding section (30),

- a flow fuse (308) arranged in the first fuel feeding section (30) between the
pressure accumulator and a fuel injection valve (301) of the first fuel feeding
section (30), characterized in that the fuel injection valve (301) comprises a fuel
handling section (302) and control section (303), and that the control section is a

hydraulic control section fluidly separated from the fuel handling section.

2. A fuel injection unit (14) according to claim 1, characterized in that the
fuel handling section (302) is arranged to handle the introduction and metering the
liquid alcohol fuel into the combustion chamber by at least one control needle (306)

in the fuel injection valve (301).

3. A fuel injection unit (14) according to claim 1, characterized in that the
second fuel feeding section (40) is arranged to a pilot i.e. ignition fuel for

compression ignition purposes.

4. A fuel injection unit (14) according to claim 1, characterized in that the
fuel injection unit (14) is provided with a flow channel (328) for the control fluid
separated from the first fuel section (30) and connectable to a control valve (305)

external to the fuel injection unit (14).

5. A fuel injection unit (14) according to claim 1, characterized in that the
pressure of the control fluid is arranged to determine the operational status of the

injection valve (301) when in use.

6. A fuel injection unit (14) according to claim 1, characterized in that the
unit (14) comprises at least two successive parts (14.1, 14.2) and that the first fuel
section (30) extends from the first part (14.1) to the second part (14.2) and that the
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crossover location comprises a first sealing system (314) and that the first sealing
is surrounded by a sealing chamber (316) connectable to a source of sealing liquid

when in use.

7. A fuel injection unit (14) according to claim 1, characterized in that the
first fuel section (30) between the flow fuse (308) and the fuel injection valve (301)
is arranged to cause a pressure loss of less than 200 bar in all operational

circumstances of the valve unit (14).

8. A fuel injection unit (14) according to claim 1, characterized in that the
control section (303) is provided with a control valve (305), which is arranged to
apply the pressure of control fluid system to the control section (303) of the valve
(301) which causes closing of the at least one control needle (306), and to
depressurize the control section (303), which causes the opening of the at least

one control needle (306).

9. A fuel feeding arrangement (10) comprising a first fuel system (16) with at
least one high pressure fuel pump (18) which is arranged to pressurize the fuel to
the injection pressure, and a second fuel system (20) with at least one high
pressure fuel pump (22) which is arranged to pressurize the fuel to the injection
pressure, characterized in that the arrangement comprises a fuel injection unit (14)
according anyone of the preceding claims, and that the control section (303) is
provided with a control valve (305), which is arranged to apply the pressure of
control fluid system to the control section (303) of the valve (301) which causes
closing of at least one control needle (306), and to depressurize the control section
(303), which causes the opening of at least one control needle (306), and that the

control valve (305) is arranged externally to the valve unit (14).

10. A fuel feeding arrangement (10) according to claim 9, characterized in
that the control section (303) is connected with the control valve (305) by an

external pipe (328’).

11. A fuel feeding arrangement (10) according to claim 9, characterized in
that the valve unit (14) comprises at least two successive parts (14.1, 14.2) and
that the first fuel section (30) extends from the first part (14.1) to the second part

(14.2) and that the crossover location comprises a first sealing system (314) and
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that the first sealing is surrounded by a sealing chamber (316) connectible to a
source of sealing liquid when in use, wherein the sealing chamber (316) is

connected to an external source of sealing liquid (318).

12. A fuel feeding arrangement (10) according to claim 9, characterized in
that the first fuel system comprises a secondary pressure accumulator (24)

dedicated for the first fuel feeding section (30) of the fuel injection unit (10).

13. A fuel feeding arrangement (10) according to claim 11, characterized in
that the total volume of the integrated accumulator (307) and the secondary
accumulator (24) is designed so that the capacity is of 20 to 60 times the injection

quantity during one combustion stage.
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