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(54) A FUEL VALVE AND METHOD FOR INJECTING GASEOUS FUEL INTO A COMBUSTION 
CHAMBER OF AN INTERNAL COMBUSTION ENGINE

(57) A fuel valve (50) for injecting gaseous fuel into
the combustion chamber of a compression-ignition inter-
nal combustion engine. The fuel valve (50) comprises an
elongated fuel valve housing (52) with a rear end and a
front end, a nozzle (54) with an elongated nozzle body
with a hollow interior that forms a chamber (55) connect-
ed to nozzle holes (56), the nozzle (54) being arranged
at the front end of the fuel valve housing (52), a gaseous
fuel inlet port (53) in the elongated fuel valve housing
(52) for connection to a source (60) of high pressure gas-
eous fuel, an ignition liquid inlet port (78,98) for connec-
tion to a source of ignition liquid (57), means
(61,69,53,58,61,69) for establishing a timed fluidic con-
nection between the gaseous fuel inlet port and the igni-
tion space (55), and means (61, 67, 69, 76, 79, 85, 98,
99) configured for a timed delivery of a finite volume of
ignition liquid to the chamber (55) for igniting the gaseous
fuel inside the chamber (55).
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a gaseous fuel
valve for a compression-ignition internal combustion en-
gine with a gaseous fuel supply system, in particular to
a gaseous fuel valve for a large low-speed uniflow tur-
bocharged two-stroke internal combustion engine with a
gaseous fuel supply system.

BACKGROUND ART

[0002] Large low-speed two-stroke compression-igni-
tion (Diesel) engines of the crosshead type are typically
used in propulsion systems of large ships or as prime
mover in power plants. Very often, these engines are
operated with heavy fuel oil or with fuel oil.
[0003] Recently, there has been a demand for large
two-stroke diesel engines to be able to handle alternative
types of fuel, such as gas, coal slurry, petroleum coke
and the like, in particular gas.
[0004] Gaseous fuels, such as natural gas are relative-
ly clean fuels that result in significantly lower levels of
sulfurous components, NOx and CO2 in the exhaust gas
when used as fuel for a large low-speed uniflow turbo-
charged two-stroke internal combustion engine when
compared with e.g. using heavy fuel oil as fuel.
[0005] However, there are problems associated with
using a gaseous fuel in a large low-speed uniflow turbo-
charged two-stroke internal combustion engine. One of
those problems is the willingness and predictability of
gas to self-ignite upon injection into the combustion
chamber and both are essential to have under control in
a compression-ignition engine. Therefore, existing large
low-speed uniflow turbocharged two-stroke internal com-
bustion engines use pilot injection of oil or other ignition
liquids simultaneously with the injection of the gaseous
fuel to ensure reliable and properly timed ignition of the
gaseous fuel.
[0006] Large low-speed uniflow turbocharged two-
stroke internal combustion engines are typically used for
the propulsion of large ocean going cargo ships and re-
liability is therefore of the utmost importance. Gaseous
fuel operation of these engines is still a relatively recent
development and reliability of the operation with gas has
not yet reached the level of conventional fuel. Therefore,
existing large low-speed two-stroke diesel engines are
all dual fuel engines with a fuel system for operation on
gaseous fuel and a fuel system for operation with fuel oil
so that they can be operated at full power running on the
fuel oil only.
[0007] Due to the large diameter of the combustion
chamber of these engines, they are typically provided
with three fuel injection valves in each cylinder cover of
a cylinder, separated by an angle of approximately 120°
around the central exhaust valve. Thus, with a dual fuel
system there will be three gaseous fuel valves per cylin-

der and three fuel oil valves per cylinder with one fuel oil
injection valve placed close to a respective gas injection
valve so as to ensure reliable ignition of the gaseous fuel
and thus, the top cover of the cylinder is a relatively
crowded place.
[0008] In the existing dual fuel engines the fuel oil
valves have been used to provide pilot oil injection during
operation with gaseous fuel. These fuel oil valves are
dimensioned so as to be able to deliver fuel oil in an
amount required for operating the engine at full load on
fuel oil only. However, the amount of oil injected in a pilot
injection should be as small as possible to obtain the
desired reduction in emissions. Dosage of such a small
amount with a full size fuel injection system that can also
deliver the large amount necessary for operation at full
load poses significant technical problems, and is in prac-
tice very difficult to achieve and therefore the pilot oil
dosage has in existing engines been with a larger quantity
per fuel injection event than desirable, especially at me-
dium and low load. The alternative of an additional small
injection system that can handle the small pilot amount
is a considerable complication and cost up. Further, ad-
ditional small pilot oil injection valves render the top cover
of the cylinder even more crowded.

DISCLOSURE OF THE INVENTION

[0009] On this background, it is an object of the present
application to provide a fuel valve for a compression-
ignition internal combustion engine that overcomes or at
least reduces the problems indicated above.
[0010] This object is according to one aspect achieved
by providing a fuel valve for injecting gaseous fuel into a
combustion chamber of a compression-ignition internal
combustion engine, the fuel valve comprising an elon-
gated fuel valve housing with a rear end and a front end,
a nozzle with an elongated nozzle body with a hollow
interior that forms a chamber connected to nozzle holes,
the nozzle being arranged at the front end of the fuel
valve housing, the chamber having an elongated shape
with one longitudinal end of the chamber forming an inlet
port for gaseous fuel and ignition liquid and the nozzle
holes connecting to the chamber near the other longitu-
dinal end of the chamber, a gaseous fuel inlet port in the
elongated fuel valve housing for connection to a source
of high pressure gaseous fuel, an ignition liquid inlet port
for connection to a source of ignition liquid, means for
establishing a timed fluidic connection between the gas-
eous fuel inlet port and the ignition space, and means
configured for a timed delivery of a finite volume of ignition
liquid to the chamber for igniting the gaseous fuel inside
the chamber.
[0011] By a delivery of a finite volume of ignition liquid
to chamber in the nozzle a reliable and controlled ignition
of the gaseous fuel inside the chamber in the nozzle can
be achieved, while using simple means for delivering the
ignition liquid and with small consumption of ignition liquid
thereby improving emission levels.
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[0012] In a first possible implementation of the first as-
pect the means configured for a timed delivery of a finite
volume of ignition liquid to the chamber is configured to
deliver a controlled volume of ignition liquid.
[0013] In a second possible implementation of the first
aspect the finite and controlled amount of ignition liquid
is significantly less than the volume of the chamber.
[0014] In a third possible implementation of the first
aspect the fuel valve is configured to deliver the finite
volume of ignition liquid to the chamber just ahead of the
gaseous fuel.
[0015] In a fourth possible implementation of the first
aspect the fuel valve is configured to deliver the finite
volume of ignition liquid to the chamber at the start of the
delivery of the gaseous fuel.
[0016] In a fifth possible implementation of the first as-
pect the finite volume of ignition liquid is added to the
gaseous fuel before admission of the gaseous fuel to the
chamber and wherein the gaseous fuel and the ignition
liquid enter the chamber via one and the same port.
[0017] In a sixth possible implementation of the first
aspect the finite volume of ignition liquid and the gaseous
fuel are delivered to the chamber via separate ports.
[0018] In a seventh possible implementation of the first
aspect the chamber has an elongated shape with one
longitudinal end forming an inlet port for gaseous fuel
and ignition liquid and the nozzle holes connect to the
chamber near the other longitudinal end of the chamber.
[0019] In an eight possible implementation of the first
aspect the nozzle is configured to be operated with a
temperature above 300°C.
[0020] In a ninth possible implementation of the first
aspect the nozzle comprises a base and an elongated
nozzle body, the nozzle being connected with its base to
the front end of the elongated valve housing and the noz-
zle having a closed tip with the nozzle holes arranged
close to the tip.
[0021] The object above is also achieved according to
a second aspect by providing a compression-ignition in-
ternal combustion engine with a plurality of cylinders, a
high pressure gaseous fuel supply system, a high pres-
sure ignition liquid supply system and one or more gas-
eous fuel valves according to any one of the first to ninth
implementations provided in the cylinder covers of the
engine and the gaseous fuel valves being connected to
the high pressure gaseous fuel supply system and to the
ignition liquid supply system.
[0022] In a first possible implementation of the second
aspect the engine is configured to compression-ignite
the injected gaseous fuel with the help of the ignition liquid
and without the use of other ignition equipment.
[0023] In a second possible implementation of the sec-
ond aspect the engine is configured to ignite the gaseous
fuel upon entry of the gaseous fuel in chamber inside a
nozzle.
[0024] In a third possible implementation of the second
aspect the source of gaseous fuel delivers the gaseous
fuel at high pressure to the fuel valves, and wherein the

source of ignition liquid is configured to deliver the ignition
liquid at a pressure that is higher than the pressure of
the source of gaseous fuel.
[0025] The object above is also achieved according to
a third aspect by providing a method for injecting and
igniting gaseous fuel in a self-igniting internal combustion
engine with a fuel valve with a fuel valve housing for in-
jecting gaseous fuel into the combustion chamber of the
self-igniting internal combustion engine, the fuel valve
comprising a nozzle with an elongated nozzle body with
a hollow interior that forms a chamber and nozzle holes
connecting to the chamber, the nozzle being arranged
at the front end of the fuel valve housing, and the chamber
having an elongated shape with one longitudinal end of
the chamber forming an inlet port for gaseous fuel and
ignition liquid and the nozzle holes connecting to the
chamber near the other longitudinal end of the chamber,
the method comprising delivering high pressure gaseous
fuel to the fuel valve, starting an injection event by timed
opening of the fuel valve (50) thereby allowing the gas-
eous fuel to flow to the combustion chamber via the
chamber in the nozzle, delivering injection liquid to the
chamber in the nozzle just before or during an injection
event thereby causing ignition of the gaseous fuel inside
the chamber, and ending an injection event by closing
the gas valve.
[0026] In a first possible implementation of the third
aspect the method further comprises delivering the gas-
eous fuel at a first high pressure to the fuel valve and
delivering the ignition fuel at a second high pressure to
the fuel valve, the second high pressure being higher
than the first high pressure.
[0027] In a second possible implementation of the third
aspect the method further comprises blending the gas-
eous fuel and the ignition liquid before the start of an
injection event and delivering the gaseous fuel and the
ignition liquid simultaneously to the chamber
[0028] In a third possible implementation of the third
aspect the method further comprises delivering the gas-
eous fuel and the ignition liquid separately to the cham-
ber.
[0029] The object above is also achieved according to
a fourth aspect by providing a method of operating a com-
pression-ignition internal combustion engine, the method
comprising supplying pressurized gaseous fuel at a first
high pressure to a fuel valve of the engine, the fuel valve
comprising a valve housing, the fuel valve having a hollow
nozzle with an elongated nozzle body with a plurality of
nozzle holes connecting a chamber in the nozzle to a
combustion chamber in a cylinder of the engine, the noz-
zle being arranged at the front end of the fuel valve hous-
ing, and the chamber having an elongated shape with
one longitudinal end of the chamber forming an inlet port
for gaseous fuel and ignition liquid and the nozzle holes
connecting to the chamber near the other longitudinal
end of the chamber, supplying ignition liquid at a second
high pressure to the fuel valve, the second high pressure
being higher than the first high pressure, controlling the
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injection of gaseous fuel with a moveable valve needle
that cooperates with a valve seat above the hollow noz-
zle, a fuel chamber being arranged above the valve seat,
pressuring the fuel chamber with the gaseous fuel, start-
ing a gaseous fuel injection event by lifting the axially
moveable valve needle from the valve seat, delivering a
small volume of ignition liquid to the chamber just before
or during an injection event, and ending the injection
event by moving the axially moveable valve needle back
to the valve seat.
[0030] In a first possible implementation of the fourth
aspect the gaseous fuel ignites inside the chamber with
the help of the ignition liquid.
[0031] In a second possible implementation of the
fourth aspect the nozzle is kept above 300°C throughout
the engine cycle.
[0032] The object above is also achieved by in accord-
ance with a fifth aspect by providing the use of vessel or
engine lubricating or fuel oil as ignition liquid in a method
for injecting and igniting gaseous fuel in a self-igniting
internal combustion engine with a fuel valve for injecting
gaseous fuel into the combustion chamber of the self-
igniting internal combustion engine, the fuel valve com-
prising a nozzle with a hollow interior that forms a cham-
ber and nozzle holes connecting to the chamber, the
method comprising: delivering high pressure gaseous fu-
el to the fuel valve, starting an injection event by timed
opening of the fuel valve thereby allowing the gaseous
fuel to flow to the combustion chamber via the chamber
in the nozzle, delivering injection liquid to the chamber
in the nozzle just before or during an injection event there-
by assisting controlled ignition of the gaseous fuel inside
the chamber, and ending an injection event by closing
the gas valve.
[0033] In a first implementation of the fifth aspect the
method further comprises delivering the gaseous fuel at
a first high pressure to the fuel valve and delivering the
ignition fuel at a second high pressure to the fuel valve,
the second high pressure being higher than the first high
pressure.
[0034] In a second implementation of the fifth aspect
the method further comprises blending the gaseous fuel
and the ignition liquid before the start of an injection event
and delivering the gaseous fuel and the ignition liquid
simultaneously to the chamber.
[0035] In a third implementation of the fifth aspect the
method further comprises delivering the gaseous fuel
and the ignition liquid separately to the chamber.
[0036] In a fourth implementation of the fifth aspect the
gaseous fuel ignites inside the chamber with the help of
the ignition liquid.
[0037] In a fifth implementation of the fifth aspect the
nozzle is kept above 300°C throughout the engine cycle.
[0038] In a sixth implementation of the fifth aspect the
ignition liquid has a viscosity in the range from 25 cSt to
750 cST, preferably between 75 cSt to 725 cSt, and most
preferably between 150 cSt to 700 cSt.
[0039] In a seventh implementation of the fifth aspect

the method further comprises ignition liquid has a flash
point above 30°C, preferably above 45°C, and most pref-
erably above 60°C.
[0040] Further objects, features, advantages and prop-
erties of the fuel valve, engine, methods, and use accord-
ing to the present disclosure will become apparent from
the detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] In the following detailed portion of the present
description, the invention will be explained in more detail
with reference to the exemplary embodiments shown in
the drawings, in which:

Fig. 1 is a front view of a large two-stroke diesel en-
gine according to an example embodiment,
Fig. 2 is a side view of the large two-stroke engine
of Fig. 1,
Fig. 3 is a diagrammatic representation the large two-
stroke engine according to Fig. 1, and
Fig. 4 is a sectional view in diagrammatic represen-
tation of an example embodiment of gaseous fuel
system of the engine of Fig. 1 of the upper part of a
cylinder,
Fig. 5 is a top view in diagrammatic representation
a cylinder and the gaseous fuel injection system of
the embodiment of Fig. 4, and
Fig. 6 is a sectional view of a gaseous fuel injection
valve for use in the engine shown in Fig. 1 according
to an example embodiment of the invention,
Fig. 7 is a detailed view of a section of Fig. 6,
Fig. 8 is a detailed sectional view of another example
embodiment of a gaseous fuel injection valve for use
in the engine shown in Fig. 1,
Fig. 9 is an elevated view of the fuel valve of Figs. 6
to 8,
Fig. 10 is a sectional view of a nozzle for use with a
fuel valve of Figs. 6 to 9,
Fig. 11 is a sectional view illustrating the position of
the fuel valve of Figs.6 to 9 in a cylinder cover,
Fig. 12 is a sectional view of a gaseous fuel injection
valve according to another embodiment,
Fig. 13 is a sectional view of a gaseous fuel injection
valve according to yet another embodiment,
Fig. 14 is a detailed view of a section of Fig. 13,
Fig. 15 is a detailed sectional view of another exam-
ple embodiment of a gaseous fuel injection valve for
use in the engine shown in Fig. 1.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0042] In the following detailed description, the com-
pression-ignition internal combustion engine will be de-
scribed with reference to a large two-stroke low-speed
turbocharged internal combustion (Diesel) engine in the
example embodiments. Figs. 1, 2 and 3 show a large

5 6 



EP 3 009 628 A1

5

5

10

15

20

25

30

35

40

45

50

55

low-speed turbocharged two-stroke diesel engine with a
crankshaft 42 and crossheads 43. Fig. 3 shows a dia-
grammatic representation of a large low-speed turbo-
charged two-stroke diesel engine with its intake and ex-
haust systems. In this example embodiment the engine
has four cylinders 1 in line. Large low-speed turbo-
charged two-stroke diesel engines have typically be-
tween four and fourteen cylinders in line, carried by an
engine frame 13. The engine may e.g. be used as the
main engine in an ocean going vessel or as a stationary
engine for operating a generator in a power station. The
total output of the engine may, for example, range from
1,000 to 110,000 kW.
[0043] The engine is in this example embodiment a
diesel engine of the two-stroke uniflow type with scav-
enge ports at the lower region of the cylinders 1 and a
central exhaust valve 4 at the top of the cylinders 1. The
scavenge air is passed from the scavenge air receiver 2
to the scavenge ports (not shown) of the individual cyl-
inders 1. A piston 41 in the cylinder 1 compresses the
scavenge air, fuel is injected from fuel injection valves in
the cylinder cover, combustion follows and exhaust gas
is generated. When an exhaust valve 4 is opened, the
exhaust gas flows through an exhaust duct associated
with the cylinder 1 into the exhaust gas receiver 3 and
onwards through a first exhaust conduit 18 to a turbine
6 of the turbocharger 5, from which the exhaust gas flows
away through a second exhaust conduit via an econo-
mizer 28 to an outlet 29 and into the atmosphere. Through
a shaft, the turbine 6 drives a compressor 9 supplied with
fresh air via an air inlet 10. The compressor 9 delivers
pressurized scavenge air to a scavenge air conduit 11
leading to the scavenge air receiver 2.
[0044] The scavenge air in conduit 11 passes an inter-
cooler 12 for cooling the scavenge air - that leaves the
compressor at approximately 200 °C - to a temperature
between 36 and 80 °C.
[0045] The cooled scavenge air passes via an auxiliary
blower 16 driven by an electric motor 17 that pressurizes
the scavenge air flow when the compressor 9 of the tur-
bocharger 5 does not deliver sufficient pressure for the
scavenge air receiver 2, i.e. in low or partial load condi-
tions of the engine. At higher engine loads the turbo-
charger compressor 9 delivers sufficient compressed
scavenge air and then the auxiliary blower 16 is bypassed
via a non-return valve 15.
[0046] Figs. 4 and 5 show the top of one of the plurality
of cylinders 1 according to an example embodiment. The
top cover 48 of the cylinders 1 is provided with three
gaseous fuel valves 50 for injecting a gaseous fuel from
an outlet of the fuel valves 50, such as a nozzle, into the
combustion chamber in the cylinder 1. This example em-
bodiment shows three gaseous fuel valves 50 per cylin-
der, but it should be understood that a single or two gas-
eous fuel valves may be sufficient, depending on the size
of the combustion chamber. The gaseous fuel valve 50
has an inlet 53 connected to a gaseous fuel supply con-
duit 62 that supplies highly pressurized gaseous fuel to

the gaseous fuel valve 50. One of the three gaseous fuel
valves 50 is supplied by supply conduit 62, the other two
gaseous fuel valves 50 are supplied by supply conduits
63. In this embodiment the supply conduits 62,63 are
drilled holes in the top cover 48 that connect to a gas
accumulator 60 associated with the cylinder 1. The gas
accumulator 60 receives high pressure gas from a gas
supply system (not shown) that includes gas tanks and
high pressure pumps.
[0047] In this disclosure "gaseous fuel" is broadly de-
fined as any combustible fuel that is in the gaseous phase
at atmospheric pressure and ambient temperature.
[0048] The gaseous fuel valve 50 also has an inlet con-
nected to a source of pressurized ignition liquid 57 and
is configured for delivering ignition liquid at high pressure
that is higher than the pressure of the gaseous fuel by a
more or less constant margin. The source of pressurized
ignition liquid 57 has a pressure that is at least slightly
above the pressure of the source of gaseous fuel 60. It
is an advantage of the invention that ordinary vessel lu-
bricating oils or fuel oils such as sealing oil, marine diesel,
biodiesel, lubricating oil, heavy fuel oil or dimethyl ether
(DME) may find additional use also as ignition liquid ac-
cording to the present invention.
[0049] Each cylinder 1 is in this example embodiment
provided with a gaseous fuel accumulator 60. The gas-
eous fuel accumulator 60 contains an amount of gaseous
fuel under high pressure (e.g. approximately 300 bar)
that is ready to be delivered to the fuel valves 50 of the
cylinder 1. The gaseous fuel supply conduits 62,63 ex-
tend between the gaseous fuel accumulator 60 and a
respective gaseous fuel valve 50 of the cylinder 1 con-
cerned.
[0050] A window valve 61 is arranged at the outlet of
the gaseous fuel accumulator 60 and the window valve
61 controls the flow of gaseous fuel from the gaseous
fuel accumulator 60 to the gaseous fuel supply conduits
62,63.
[0051] Three fuel oil valves 49 are provided in the top
cover 48 for operation of the engine on fuel oil. The fuel
oil valves are connected to a source of high pressure fuel
oil in a well-known manner. In an embodiment (not
shown) the engine is configured for operation on gaseous
fuel only and in this embodiment the engine does not
have fuel valves.
[0052] The engine is provided with an electronic control
unit ECU that controls the operation of the engine. Signal
lines connect the electronic control unit ECU to the gas-
eous fuel valves 50, to the fuel oil valves 49 and to the
window valves 61.
[0053] The electronic control unit ECU is configured to
time the injection events for the gaseous fuel valve cor-
rectly and to control the dosage of the gaseous fuel with
the gaseous fuel valves 50.
[0054] The electronic control unit ECU opens and clos-
es the window valve 61 so as to ensure that the supply
conduits 62,63 are filled with high pressure gaseous fuel
before the start of the gaseous fuel injection event con-
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trolled by the gaseous fuel valve 50.
[0055] Figs. 6,7 and 9 show a fuel valve 50 for injecting
gaseous fuel into the combustion chamber of a self-ig-
niting internal combustion engine and for delivering igni-
tion liquid. The fuel valve 50 has an elongated valve hous-
ing 52 with a rearmost end 88 and a nozzle 54 at the front
end. The rearmost end 88 is provided with a plurality of
ports, including a control port 72, an ignition liquid port
78 and gas leak detection port 86. The rearmost end 88
is enlarged to form a head and provided with bores 94 in
the head for receiving bolts (not shown) that secure the
fuel valve 50 in the cylinder cover 48. In the present em-
bodiment, the fuel valves are placed around the central
exhaust valve 4, i.e. relatively close to the walls of the
cylinder liner. The elongated valve housing 52 and the
other components of the fuel injection valve 50, as well
as the nozzle are in embodiment made of steel, such as
stainless steel.
[0056] The hollow nozzle 54 is provided with nozzle
holes 56 that are connected to the hollow interior 55
(chamber or sac volume) of the nozzle and the nozzle
holes 56 are distributed over the length and distributed
radially over the nozzle 54. The nozzles holes 56 are
axially close to the tip and the radial distribution is in the
present embodiment over a relatively narrow range of
approximately 50° and the radial orientation of the nozzle
holes is such that the nozzles are directed away from the
walls of the cylinder liner. Further, the nozzles are direct-
ed such that they are roughly in the same direction as
the direction of the swirl of the scavenge air in the com-
bustion chamber caused by the configuration of the scav-
enge ports.
[0057] The tip 59 of the nozzle 54 (Fig. 10) is in this
embodiment closed. The rear or base 51 of the nozzle
54 is connected to the front end of the housing 52 with a
chamber 55 in the nozzle 54 opening towards the housing
52. In an embodiment the chamber 55 is a longitudinal
bore extending from the closed tip to the base 51 and
opening to the rear of the nozzle so as to connect with
the opening/outlet port 68 in the front end of the elongated
valve the housing 52 below the valve seat 69.
[0058] An axially displaceable valve needle 61 is slid-
ably received with a precisely defined clearance in a lon-
gitudinal bore 77 in the elongated valve housing 52. The
valve needle 61 has a tip that is configured to enter in a
sealing engagement with a seat 69 that is formed in the
elongated valve housing 52. In an embodiment the seat
69 is arranged close to the front end of the elongated
valve housing 52. The elongated valve housing 52 is pro-
vided with a gaseous fuel inlet port 53 for connection to
a source 60 of pressurized gaseous fuel, for example via
the gaseous fuel supply conduits 62,63. The gaseous
fuel inlet port 53 connects to a fuel chamber 58 that is
located in the elongated valve housing 52 and the fuel
chamber 58 surrounds a portion of the valve needle 61.
The seat 69 is located between the fuel chamber 58 and
the chamber 55, so that the gaseous fuel can flow from
the fuel chamber 58 to the chamber 55 when the valve

needle 61 has lift. From the chamber 55 the gaseous fuel
is injected into the combustion chamber of the cylinder
1 via the nozzle holes 56.
[0059] The axially displaceable valve needle 61 has a
closed position and an open position. In the closed po-
sition the axially displaceable valve needle 61 rests on
the seat 69. In its closed position the axially displaceable
valve needle 61 thus prevents flow from the gaseous fuel
inlet port 53 to the nozzle 54. In its open position the
axially displaceable valve needle 61 has lift from the seat
69 thereby allowing flow from the gaseous fuel inlet port
53 to the nozzle 54.
[0060] A pre-tensioned helical spring 66 acts on the
axially displaceable valve needle 61 and biases the valve
needle 61 towards its closed position on the seat 69.
However, it is understood that other means, such as a
gas pressure or oil pressure can be provided to bias the
valve needle 61 towards its closed position. In an em-
bodiment, one end of the helical spring 66 engages the
rear end of the elongated valve housing 52 and the other
end of the helical spring 66 engages a widened section
or flange 83 at the rear end of the valve needle 61, where-
by the rear end of the valve needle 61 is formed by an
actuation piston 64.
[0061] The gaseous fuel valve 50 is provided with an
actuator system for controllably moving the axially dis-
placeable valve needle 61 between its closed position
and its open position. In this embodiment the actuator
system includes an axially displaceable actuation piston
64 that is slidably received in a cylindrical portion of the
elongated valve housing 52. The actuation piston 64 de-
fines together with the elongated valve housing 52 an
actuation chamber 74. In this embodiment the actuation
piston 64 is an integral and rearmost part of the axially
displaceable valve needle 61. However, it is understood
that the actuation piston 64 can be operably connected
to the valve needle 61 in various ways, such as by a
threaded connection, or by welding and preferably the
actuation piston moves 64 in unison with the valve needle
61, although this is not a prerequisite.
[0062] The actuation chamber 74 is fluidly connected
to a control oil port 72 via a control oil conduit 70. The
control oil port 72 is connected to an electronic control
oil valve 96 (Fig. 4) that is in turn connected to a source
of high-pressure control oil 97. The electronic control oil
valve 96 is preferably of the on/off type and receives an
electric control signal from the electronic control unit ECU
to control the injection events.
[0063] In other embodiments (not shown) the valve
needle can be actuated by other actuation means, such
as a solenoid or a linear electric motor.
[0064] The actuation piston 64 is provided with a pref-
erably concentric cylinder that opens towards the rear
end of the housing and a stationary piston 87 is slidably
received inside this cylinder. The actuation piston 64 is
displaceable relative to the stationary piston 87. The cyl-
inder inside the actuation piston 64 defines a chamber
80 together with the stationary piston 87 that provides

9 10 



EP 3 009 628 A1

7

5

10

15

20

25

30

35

40

45

50

55

space for actuation piston 64 to move axially.
[0065] The elongated valve housing 52 is provided with
an ignition liquid port 78 for connection to the source of
ignition liquid 57. An ignition liquid supply conduit 76 ex-
tends axially in the elongated valve housing and through
the stationary piston 87 and fluidly connects the ignition
liquid port 78 to the chamber 80.
[0066] A second portion of the ignition liquid delivery
conduit extends to coaxially in the valve needle as a bore
82. Radial channels 85 extend in the axially displaceable
valve needle 61 from the bore 82 to the outer surface of
the axially displaceable valve needle 61 from a port for
allowing ignition liquid to be supplied to the clearance
between the elongated valve housing 52 and the axially
movable valve needle 61 to thereby lubricate and seal
the valve needle 61, thus allowing the ignition liquid to
be used as sealing oil. The ignition liquid flows through
the clearance both upwards to the actuation chamber 74
and downwards to the fuel chamber 58. The portion of
the ignition liquid that flows to the actuation chamber 74
mixes with the control oil. This has no substantial effect
on the control oil. The portion of the ignition liquid that
flows to the fuel chamber 58 and accumulates at the bot-
tom of the fuel chamber 58 i.e. just above the valve seat
69 while the axially movable valve needle 61 rests on the
valve seat 69, as shown in Fig. 8.
[0067] The dimensions of the clearance are precisely
controlled and selected so that the appropriate amount
of ignition liquid is collected at the bottom of the fuel cham-
ber 58 in the time during an engine cycle where the axially
movable valve member 61 rests on the valve seat 69. An
appropriate amount of ignition oil is the amount that is
sufficient for creating a reliable and stable ignition, may
for example be in the range of 0,2 mg to 200 mg, de-
pending e.g. on the engine size and load. The dimensions
of the clearance are chosen such in relation to the prop-
erties of the ignition liquid, such as e.g. viscosity, that a
constant flow of ignition liquid of an appropriate magni-
tude is achieved when the source of ignition liquid has a
pressure that is a margin above the pressure of the
source of gaseous fuel.
[0068] A gas leak detection channel 84 in the elongat-
ed valve housing 52 leads to a gas leak detection port
86 for detection of gas leaks.
[0069] The injection event of the gaseous fuel is con-
trolled by the electronic control unit ECU through the
length of the opening time of the gaseous fuel valve 50,
i.e. the amount of gas injected in one injection event is
determined by the length of the opening time. Thus, upon
a signal from the electronic control unit ECU the control
oil pressure is raised in the actuation chamber 74 and
the valve needle 61 is lifted from the seat 69 in a move-
ment from its closed position to its open position. The
valve needle 61 will always performs the full stroke from
its closed position to its open position when the control
oil pressure is raised and the increased pressure in the
actuation chamber 74 urges the actuation piston 64
against the force of the helical spring 66 in axial direction

away from the nozzle 54 and the seat 69.
[0070] The ignition liquid accumulated at the bottom of
the fuel chamber 58 (Fig. 8) enters the chamber 55 in
the nozzle 54 first, followed by the gaseous fuel, i.e. the
gaseous fuel pushes the ignition liquid ahead and into
the chamber 55. Thus, the ignition liquid that was accu-
mulated in the combustion chamber 58 will enter the
chamber 55 in the nozzle 54 just ahead of the gaseous
fuel. At the moment just before the opening of the fuel
valve 50, the chamber 55 is filled with a mixture of com-
pressed hot air and residual unburned gaseous fuel, due
to the compression of the scavenging air in the combus-
tion chamber (the nozzle holes 56 allow flow of air from
the combustion chamber into the chamber 55). Thus,
shortly after the opening of the fuel valve 50 there is hot
compressed air, ignition liquid and gaseous fuel present
inside chamber 55. This leads to controlled and repeat-
able ignition of the gaseous fuel already inside the hollow
nozzle 54.
[0071] Fig. 12 shows another embodiment of the fuel
valve 50, that is essentially identical to the embodiment
of the previous Figs., except that the clearance 77 is such
in relation to the viscosity of the sealing oil that is provided
from a source of sealing via port 178 and conduit 176,
axial bore 182 and radial bores 185 that practically no
sealing oil leaks into the combustion chamber. Instead,
a separate combustion liquid channel 99 connects the
fuel chamber 58 to ignition liquid port 98. The combustion
liquid channel 99 includes a fixed restriction 100, for ex-
ample in the form of a fixed orifice restriction in order to
throttle and control the amount of ignition liquid that is
delivered to the fuel chamber 58 during the closed period
of the axially movable the valve needle 61.
[0072] Ignition liquid port 98 is connected to a source
of high pressure ignition liquid with a pressure that is a
margin above the pressure of the source of gaseous fuel.
The operation of the valve according to the embodiment
of Fig. 12 is essentially identical to the operation of the
fuel valve described with the previous Figs.
[0073] Figs. 13 and 14 illustrate another example em-
bodiment of a fuel valve. This embodiment is essentially
identical to the embodiment shown with reference to Figs.
6 to 8, except that a dedicated pump assembly is included
in the ignition fuel supply line.
[0074] Hereto, the cylinder inside the actuation piston
64 defines a pump chamber 80 together with the station-
ary piston 87. A non-return valve 79 is disposed between
the ignition liquid port 78 and the pump chamber 80 for
preventing flow from the pump chamber 80 to the ignition
liquid port 78.
[0075] An ignition liquid injection conduit 67 extends
axially inside the axially displaceable needle 61. The
pump chamber 80 has an inlet fluidly connected to the
ignition liquid port 78 via the ignition liquid supply conduit
76 and an outlet connected to a first end of the ignition
liquid injection conduit 67.
[0076] The second end of the ignition liquid injection
conduit 67 ends at the tip of the axially displaceable valve
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needle 61 and the second end of the ignition liquid injec-
tion conduit 67 is configured to inject ignition liquid into
the chamber55 inside the nozzle 54.
[0077] The pump chamber 80 contracts when the ax-
ially displaceable valve needle 61 is moved from the
closed position to the open position and thereby the ac-
tuation piston 64 is moved towards the rearmost end of
the housing 52.
[0078] The pump chamber 80 expands when the axi-
ally displaceable needle 61 is moved from the open po-
sition to the closed position because thereby the actua-
tion piston 64 is moved away from the rearmost end of
the housing 52.
[0079] A second end of the ignition liquid injection con-
duit 67 is fluidly connected to the nozzle 54 so that ignition
liquid is delivered to the nozzle 54 when the pump cham-
ber 80 contracts. When the pump 80 chamber expands
the pump chamber is replenished with ignition liquid from
the source of ignition liquid 57 via the ignition liquid supply
conduit 76.
[0080] The gaseous fuel valve 50 comprises a non-
return valve 65 disposed in the ignition liquid injection
conduit 67 for preventing flow in the ignition liquid injec-
tion conduit towards the pump chamber 80.
[0081] The ignition liquid supply conduit 76 extends in
the housing 52 and axially through the stationary piston
87 to fluidly connect the ignition liquid port 78 to the pump
chamber 80.
[0082] Radial sealing channels 85 extend in the axially
displaceable valve needle 61 from the ignition liquid in-
jection conduit 67 to the outer surface of the axially dis-
placeable valve needle 61 to allow ignition liquid to be
supplied to the gap between the housing 52 and the valve
needle to thereby lubricate and seal the valve needle 61,
thus allowing the ignition liquid to be used as sealing oil.
[0083] The injection event of the gaseous fuel is for all
embodiments controlled by the electronic control unit
ECU through the length of the opening time of the gas-
eous fuel valve 50. Thus, upon a signal from the elec-
tronic control unit ECU the control oil pressure is raised
in the actuation chamber 74 and the valve needle 61 is
lifted from the seat 69 in a movement from its closed
position to its open position. The valve needle 61 will
always performs the full stroke from its closed position
to its open position when the control oil pressure is raised
and the increased pressure in the actuation chamber 74
urges the actuation piston 64 against the force of the
helical spring 66 in axial direction away from the nozzle
54 and the seat 69.
[0084] During this movement the pump chamber 80
contracts and ignition liquid is pressed out of the pump
chamber 80 and through the ignition liquid injection con-
duit 67 ignition liquid is injected from the tip of the axially
displaceable valve needle 61 into the chamber 55. Thus,
in an embodiment the amount of ignition liquid per injec-
tion event is fixed, regardless of the engine load. The
stroke of the actuation piston 64 and the diameter of the
stationary pump piston 87 determine the amount of igni-

tion liquid delivered in each injection event. Thus, the
required volume of ignition liquid needed per injection
event is obtained by selecting the appropriate stroke of
the actuation piston 64 and the appropriate diameter of
the pump piston 87.
[0085] At the end of the injection event the ECU re-
moves the pressure from the actuation chamber and the
force of the helical spring 66 causes the valve needle 61
to return to the valve seat 69.
[0086] The embodiment shown in Fig. 15 is essentially
identical to the embodiment of Figs. 13 and 14, except
that the ignition liquid injection conduit 67 splits near the
tip of the valve needle 61 into two channels 67’ that both
end on the seat 69 so that the fluid connection between
the pump chamber 80 and the nozzle 54 is closed when
the axially displaceable valve needle 61 rests on the seat
69. Thus, this embodiment can do without the non-return
valve that prevents flow from the second end of the igni-
tion liquid injection conduit 67 towards the pump chamber
80.
[0087] In and embodiment (not shown) the actuation
means comprises a solenoid or linear electric motor and
a piston and control oil is not needed.
[0088] The self-igniting internal combustion engine is
operated by supplying pressurized gaseous fuel at a first
high pressure to a fuel valve 50 of the engine. The ignition
liquid is supplied at a second high pressure to the fuel
valve 50. The second high pressure is higher than the
first high pressure. The injection of gaseous fuel is con-
trolled with a moveable valve needle 61 that cooperates
with a valve seat 69 above the hollow nozzle 54. A fuel
chamber 58 is arranged above the valve seat 69. The
fuel chamber 58 is pressurized with gaseous fuel. A small
continuous flow of ignition liquid is delivered to the fuel
chamber 58 and the ignition liquid is accumulated above
the valve seat 69 during periods where the valve needle
61 rests on the valve seat 69. A gaseous fuel injection
event is started by lifting the axially movable valve needle
61 from the valve seat 69, thereby causing the accumu-
lated ignition liquid to enter the hollow injection nozzle
54 just ahead of the gaseous fuel. The gaseous fuel then
ignites inside the nozzle 54 with the help of the ignition
liquid, i.e. a controlled ignition.
[0089] The engine is configured to self-ignite the in-
jected gaseous fuel with the help of the ignition liquid and
without the use of other ignition equipment.
[0090] The engine is configured to ignite the gaseous
fuel upon entry of the gaseous fuel into a chamber inside
a nozzle.
[0091] In an embodiment the nozzle 54 is kept above
300°C throughout the engine cycle. In an embodiment
the temperature inside the hollow nozzle 54 is approxi-
mately 600 degrees C at the end of the compression
stroke.
[0092] It is an advantage of the invention that ordinary
vessel or engine lubricating or fuel oils such as sealing
oil, marine diesel, biodiesel, lubricating oil, heavy fuel oil
or dimethyl ether (DME) may find additional use also as
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ignition liquid according to the present invention.
[0093] Accordingly there is described in a fifth aspect
of the present invention the use of vessel or engine lu-
bricating or fuel oil as ignition liquid in a method for in-
jecting and igniting gaseous fuel in a self-igniting internal
combustion engine with a fuel valve 50 for injecting gas-
eous fuel into the combustion chamber of the self-igniting
internal combustion engine, the fuel valve comprising a
nozzle 52 with a hollow interior that forms a chamber 55
and nozzle holes 56 connecting to the chamber 55, the
method comprising: delivering high pressure gaseous fu-
el to the fuel valve 50, starting an injection event by timed
opening of the fuel valve 50 thereby allowing the gaseous
fuel to flow to the combustion chamber via the chamber
55 in the nozzle 52, delivering injection liquid to the cham-
ber 55 in the nozzle 52 just before or during an injection
event thereby assisting controlled ignition of the gaseous
fuel inside the chamber, and ending an injection event
by closing the gas valve 50.
[0094] In an embodiment of the fifth aspect there is
described a method according to the fifth aspect, further
comprising delivering the gaseous fuel at a first high pres-
sure to the fuel valve and delivering the ignition fuel at a
second high pressure to the fuel valve 50, the second
high pressure being higher than the first high pressure.
[0095] In an embodiment of the fifth aspect there is
described a method according to the fifth aspect, further
comprising blending the gaseous fuel and the ignition
liquid before the start of an injection event and delivering
the gaseous fuel and the ignition liquid simultaneously
to the chamber 55.
[0096] In an embodiment of the fifth aspect there is
described a method according to the fifth aspect, further
comprising delivering the gaseous fuel and the ignition
liquid separately to the chamber 55.
[0097] In an embodiment of the fifth aspect there is
described a method according to the fifth aspect, wherein
the gaseous fuel ignites inside the chamber 55 with the
help of the ignition liquid.
[0098] In an embodiment of the fifth aspect there is
described a method according to the fifth aspect, wherein
the nozzle 54 is kept above 300°C throughout the engine
cycle.
[0099] In an embodiment of the fifth aspect the ignition
liquid has a viscosity in the range from 25 cSt to 750 cST,
preferably between 75 cSt to 725 cSt, and most prefer-
ably between 150 cSt to 700 cSt.
[0100] In an embodiment of the fifth aspect the ignition
liquid has a flash point above 30°C, preferably above
45°C, and most preferably above 60°C.
[0101] The term "comprising" as used in the claims
does not exclude other elements or steps. The term "a"
or "an" as used in the claims does not exclude a plurality.
The electronic control unit may fulfill the functions of sev-
eral means recited in the claims.
[0102] The reference signs used in the claims shall not
be construed as limiting the scope.
[0103] Although the present invention has been de-

scribed in detail for purpose of illustration, it is understood
that such detail is solely for that purpose, and variations
can be made therein by those skilled in the art without
departing from the scope of the invention.

Claims

1. A fuel valve (50) for injecting gaseous fuel into a com-
bustion chamber of a compression-ignition internal
combustion engine, said fuel valve (50) comprising:

an elongated fuel valve housing (52) with a rear
end and a front end,
a nozzle (54) with an elongated nozzle body with
a hollow interior that forms a chamber (55) con-
nected to nozzle holes (56), said nozzle (54) be-
ing arranged at the front end of said fuel valve
housing (52), said chamber (55) having an elon-
gated shape with one longitudinal end of said
chamber (55) forming an inlet port for gaseous
fuel and ignition liquid and the nozzle holes (56)
connecting to said chamber (55) near the other
longitudinal end of the chamber (55),
a gaseous fuel inlet port (53) in said elongated
fuel valve housing (52) for connection to a
source (60) of high pressure gaseous fuel,
an ignition liquid inlet port (78,98) for connection
to a source of ignition liquid (57),
means (61,69,53,58) for establishing a timed flu-
idic connection between said gaseous fuel inlet
port and said ignition space (55), and
means (61, 67, 69, 76, 79, 85, 98, 99, 100) con-
figured for a timed delivery of a finite volume of
ignition liquid to said chamber (55) for igniting
said gaseous fuel inside said chamber (55).

2. A fuel valve according to claim 1, wherein said means
(61, 67, 76, 79, 85, 98, 99, 100) configured for a
timed delivery of a finite volume of ignition liquid to
said chamber (55) is configured to deliver a control-
led volume of ignition liquid.

3. A fuel valve according to claim 1, wherein said finite
and controlled amount of ignition liquid is significantly
less than the volume of said chamber (55).

4. A fuel valve according to any one of claims 1 to 3,
wherein said fuel valve (50) is configured to deliver
said finite volume of ignition liquid to said chamber
(55) just ahead of the gaseous fuel.

5. A fuel valve according to any one of claims 1 to 3,
wherein said fuel valve (50) is configured to deliver
said finite volume of ignition liquid to said chamber
(55) at the start of the delivery of the gaseous fuel.

6. A fuel valve according to any one of claims 1 to 5,
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wherein said finite volume of ignition liquid is added
to said gaseous fuel before admission of the gaseous
fuel to said chamber (55) and wherein the gaseous
fuel and the ignition liquid enter said chamber (55)
via one and the same port.

7. A fuel valve according to any one of claims 1 to 5,
wherein said finite volume of ignition liquid and said
gaseous fuel are delivered to said chamber via sep-
arate ports.

8. A fuel valve according to any one of claims 1 to 7,
wherein said nozzle is configured to be operated with
a temperature above 300°C.

9. A compression-ignition internal combustion engine
with a plurality of cylinders (1), a high pressure gas-
eous fuel supply system, a high pressure ignition liq-
uid supply system and one or more gaseous fuel
valves (50) according to any one of claims 1 to 8
provided in the cylinder covers of the cylinders of the
engine and said gaseous fuel valves (50) being con-
nected to said high pressure gaseous fuel supply
system and to said ignition liquid supply system.

10. An engine according to claim 9, wherein said engine
is configured to compression-ignite the injected gas-
eous fuel with the help of said ignition liquid and with-
out the use of other ignition equipment.

11. An engine according to claim 9 or 10, said engine
being configured to ignite said gaseous fuel upon
entry of the gaseous fuel in the chamber (55) inside
a nozzle (54).

12. An engine according to any one of claims 9 to 11,
wherein said source of gaseous fuel delivers said
gaseous fuel at high pressure to said fuel valves (50),
and wherein said source of ignition liquid is config-
ured to deliver said ignition liquid at a pressure that
is higher than the pressure of said source of gaseous
fuel.

13. A method for injecting and igniting gaseous fuel in a
compression-ignition internal combustion engine
with a fuel valve (50) with a fuel valve housing (52)
for injecting gaseous fuel into the combustion cham-
ber of said self-igniting internal combustion engine,
said fuel valve comprising a nozzle (52) with an elon-
gated nozzle body with a hollow interior that forms
a chamber (55) and nozzle holes (56) connecting to
said chamber (55), said nozzle (54) being arranged
at the front end of said fuel valve housing (52), and
said chamber (55) having an elongated shape with
one longitudinal end of said chamber (55) forming
an inlet port for gaseous fuel and ignition liquid and
the nozzle holes (56) connecting to said chamber
(55) near the other longitudinal end of the chamber

(55), said method comprising:

delivering high pressure gaseous fuel to said fu-
el valve (50),
starting an injection event by timed opening of
said fuel valve (50) thereby allowing said gase-
ous fuel to flow to said combustion chamber via
said chamber (55) in said nozzle (52),
delivering injection liquid to said chamber (55)
in said nozzle (52) just before or during an in-
jection event thereby causing ignition of said
gaseous fuel inside said chamber, and
ending an injection event by closing said gas
valve (50).

14. A method according to claim 13, further comprising
delivering said gaseous fuel at a first high pressure
to said fuel valve and delivering said ignition fuel at
a second high pressure to said fuel valve (50), said
second high pressure being higher than said first
high pressure.

15. A method according to claim 13 or 14, further com-
prising blending said gaseous fuel and said ignition
liquid before the start of an injection event and de-
livering the gaseous fuel and the ignition liquid si-
multaneously to said chamber (55)

16. A method according to claim 13 or 14, further com-
prising delivering the gaseous fuel and the ignition
liquid separately to said chamber (55).

17. A method of operating a compression-ignition inter-
nal combustion engine, said method comprising:

supplying pressurized gaseous fuel at a first high
pressure to a fuel valve (50) of said engine,
said fuel valve comprising a valve housing (52),
said fuel valve (50) having a hollow nozzle (54)
with an elongated nozzle body with a plurality of
nozzle holes (56) connecting a chamber (55) in
said nozzle (54) to a combustion chamber in a
cylinder (1) of said engine, said nozzle (54) be-
ing arranged at the front end of said fuel valve
housing (52), and said chamber (55) having an
elongated shape with one longitudinal end of
said chamber (55) forming an inlet port for gas-
eous fuel and ignition liquid and the nozzle holes
(56) connecting to said chamber (55) near the
other longitudinal end of the chamber (55),
supplying ignition liquid at a second high pres-
sure to said fuel valve (50), said second high
pressure being higher than said first high pres-
sure,
controlling the injection of gaseous fuel with a
moveable valve needle (61) that cooperates
with a valve seat (69) above said hollow nozzle
(54),
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a fuel chamber (58) being arranged above said
valve seat (69),
pressuring said fuel chamber (58) with said gas-
eous fuel,
starting a gaseous fuel injection event by lifting
said axially moveable valve needle (61) from
said valve seat (69),
delivering a small volume of ignition liquid to said
chamber (55) just before or during an injection
event, and
ending said injection event by moving said axi-
ally moveable valve needle (61) back to the
valve seat (69).

18. A method according to claim 17, wherein said gas-
eous fuel ignites inside said chamber (55) with the
help of said ignition liquid.

19. A method according to claim 17 or 18, wherein the
nozzle (54) is kept above 300°C throughout the en-
gine cycle.
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