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A fuel injector unit, a fuel feeding arrangement and an internal combustion

piston engine

Technical field

[001] The present invention relates to a fuel injector unit for assembly to a cylinder
head of an internal combustion piston engine and for injecting first and second fuel
to a cylinder of the internal combustion piston engine according to the preamble of

claim 1.

[002] The present invention relates also a fuel feeding arrangement and to an in-

ternal combustion piston engine comprising a fuel injector unit.

Background art

[003] Internal combustion engines are generally provided with fuel injection sys-
tems in which the provision of pressurize the fuel and the control of injection are
functionally separated from each other. Fuel is fed by means of at least one high
pressure fuel pump into a pressure accumulator, i.e. rail, from which the fuel is led
through separate conduits into the injector or injection valve of each cylinder. These

systems are commonly known as common rail fuel injection systems.

[004] The pressure, timing of the injection, duration of the injection and quantity of
the fuel supplied into the nozzle of the injector has also an impact on the quantity
and quality of the combustion gases (pollutants, emissions...) generated by the
combustion process. In practice, the operation of a fuel injector is electronically con-
trolled, for example, by means of a hydraulic control system with a solenoid or pie-

zoelectric valve, in order to obtain a sufficiently short and accurate injection.

[005] In common rail fuel injection systems, the control of the injection valve, or
specifically the injection needle valve, is typically accomplished by making use of
the fuel pressure acting against surface of the needle valve in a direction of opening
and/or closing the needle valve, depending on the case. In typical common rail sys-
tems, the injection pressure reaches high pressure level almost immediately when
the needle valve starts moving (rising) away from its closed position in the injector

nozzle.
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[006] Itis also known in prior art to operate a piston engine 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 as pilot fuel so as to
ignite the mixture of air and gaseous fuel present in the combustion chamber of the

engine.

[007] EP 0778410 A1 discloses an injection valve arrangement for an internal
combustion engine. The arrangement comprises first valve means in the form of at
least two needle valves for injecting gaseous fuel directly into a cylinder of the en-
gine. The arrangement further comprises second valve means in the form of a nee-
dle valve for injecting pilot fuel into the cylinder so as 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 electronic control. The valve needles of
the gas needle valves are mechanically connected to each other so that the move-

ments thereof occur concurrently.

[008] WO 2014/167166 A1 discloses 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 comprises a first fuel feeding section, a second
fuel feeding section, a pressure accumulator in the first fuel feeding section and a
flow fuse valve arranged in the first fuel feeding section between the pressure ac-
cumulator and a fuel injection valve of the first fuel feeding section. The fuel injection
valve comprises a fuel handling section and control section wherein the control sec-

tion is a hydraulic control section fluidly separated from the fuel handling section.

[009] WO 2015090494 A1 discloses a dual fuel injector for a fuel injection device.
The dual fuel injector comprises a liquid fuel injector unit with a nozzle needle as-
signed to a liquid fuel nozzle arrangement of the dual fuel injector and which is stroke
controllable via a first control chamber. The dual fuel injector further comprises a
gas injector unit with a gas nozzle needle assigned to a gas nozzle arrangement of
the dual fuel injector and which is stroke controllable via a second control chamber.
Each of the first and second control chambers can be impinged with a control fluid
in order to control the stroke of the respective nozzle needle. Furthermore, the con-
trol fluid from both the first and the second control chambers can be discharged.
The dual fuel injector has a control fluid reservoir in which discharged control fluid

from the first control chamber can be introduced. The dual fuel injector is configured
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to impinge the second control chamber with control fluid from the control fluid res-

ervoir for the stroke of the gas nozzle needle.

[0010] US 2013319373 A1 discloses a dual fuel injector in a dual common rail fuel
system. The dual fuel injector includes an injector body defining a liquid fuel supply
passage to a liquid fuel nozzle outlet and a gaseous fuel supply passage to a gas-
eous fuel nozzle outlet. A liquid fuel needle check is movable within the injector body
and has an opening hydraulic surface exposed to a fuel pressure of a liquid fuel
common rail. A gaseous fuel needle check is positioned side by side with the liquid
fuel needle check and has an opening hydraulic surface exposed to the fuel pres-

sure of the liquid fuel common rail.

[0011] An object of the invention is to provide a fuel injector unit in which the per-

formance is considerably improved compared to the prior art solutions.

Disclosure of the Invention

[0012] The objects of the invention can be met substantially as is disclosed in the
independent claim and in the other claims describing more details of different em-

bodiments of the invention.

[0013] According to an embodiment of the invention a fuel injector unit for assembly
to a cylinder head of an internal combustion piston engine and for injecting first and

second fuel to the internal combustion piston engine comprises:

- Afirst fuel feeding section comprising at least one first fuel injection valve for
controlling injection of first fuel to the engine when assembled to the engine,
wherein the first fuel injection valve is provided with a first fuel gallery and a
first control section arranged opposite ends of the first fuel injection valve,
wherein the first control section is a hydraulic control section, and wherein
the first fuel gallery is connected to a first fuel inlet in the fuel injector unit
and wherein the first fuel gallery is provided with injection orifice or orifices
opened in response to a position of the first fuel injection valve, and wherein
the first fuel feeding section is further provided with a main flow fuse valve
arranged between the first fuel inlet in the injector unit and the first fuel in-

jection valve,
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- A second fuel feeding section comprising a second fuel injection valve for
controlling injection of second fuel to the engine when assembled to the en-
gine, wherein the second fuel injection valve is connected to a second fuel

inlet in the fuel injector unit.

[0014] There is a sealing fluid chamber arranged between the first control section
and the first fuel gallery of the first fuel injection valve, and that the sealing fluid
chamber is arranged in flow communication with the second fuel feeding section
such that the second fuel is arranged to act as sealing fluid minimizing the first fuel

to flow from the first fuel gallery to the first control section.

[0015] This provides a fuel injector unit for an internal combustion piston engine
which performance is considerably improved. Particularly, it is possible to use a
unigue mixture of multiple fuels with one concept such as fuels with ultra-low vis-
cosities, liquid gases, liquid alcohols (e.g. methanol, MeOH) or light fuel oil (LFO).
Invention gives benefits for all liquefied gases, toxic fuels or easily evaporating fuels
which are not desirable to leak out from the fuel injector or more specifically from
the first fuel injection valve. This sealing strategy provides more reliable sealing of
toxic and harmful fuel in emergency shutdowns. By the term “ultra-low viscosity fuel”
we mean fuels which have kinematic viscosity in the range of 0,1:10°¢ — 1-10° m?/s

or less.

[0016] Particularly, the invention is feasible in using methanol. Depending on tem-
perature (0-100 °C) the viscosity of methanol (0-100°C) is 0,29:10 — 1-10° m?/s

[0017] According to an embodiment of the invention, the sealing fluid chamber is
arranged in flow communication with the second fuel feeding section via a pressure
control valve. According to an embodiment of the invention sealing fluid pressure is
reduced to close to the first fuel pressure with the pressure control valve i.e. a pres-

sure reduction valve to avoid excess leakage to first fuel side.

[0018] According to an embodiment of the invention, the pressure control valve is
adapted maintain a pressure in the sealing fluid chamber in response to the pres-

sure of the first fuel.

[0019] According to an embodiment of the invention, the second fuel feeding sec-
tion comprises a second fuel injection valve, a second fuel gallery and a second

control section wherein position of the second injection valve is effected by a pres-
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sure of the second fuel in the second control section, and that the second fuel feed-
ing section is provided with a flow fuse valve arranged between the second fuel inlet

and the second fuel injection valve.

[0020] According to an embodiment of the invention, the second injection valve is
provided with an injector needle which controls an injection of second fuel to the
combustion chamber. The position of the injector needle of the second injection
valve is effected by a pressure of the second fuel in the second control section so
that the pressurized second fuel urges the injector needle of the second fuel injec-
tion valve towards its closed position and by reducing the pressure the fuel injector
needle of the second fuel injection valve is allowed to move away from its closed

position.

[0021] According to an embodiment of the invention, the flow fuse valve is arranged
to open and close flow communication from the second fuel inlet via a second fuel

channel to the sealing chamber of the first fuel feeding section.

[0022] According to an embodiment of the invention, the first control section of the
first fuel feeding section is a hydraulic control section fluidly separated from the first
fuel gallery and provided with a control oil inlet. The term “fluidly separated” means
that the first fuel in the first fuel gallery and the control fluid in the first control section

are not substantially or intentionally mixed with each other.

[0023] According to an embodiment of the invention, the sealing fluid chamber is
provided with a discharge conduit for allowing a discharge of the second fuel there-

from so as to maintaining adequate pressure in the sealing fluid chamber.

[0024] According to an embodiment of the invention, the first fuel feeding section is
provided with a first pressure accumulator arranged upstream the main flow fuse

valve in the injector unit.

[0025] According to an embodiment of the invention, the second fuel feeding sec-

tion is provided with a second fuel accumulator in the injector unit.

[0026] According to an embodiment of the invention, the pressure control valve is
provided with a pressure detecting channel leading from the first fuel channel to the

pressure control valve.
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[0027] According to an embodiment of the invention, the pressure control valve is
provided with a pressure detecting channel leading from a third branch downstream

of the pressure control valve to the pressure control valve.

[0028] Another object of the invention is met by a fuel feeding arrangement com-
prising a first fuel system with at least one high pressure fuel pump which is arranged
to pressurize the first fuel to the injection pressure, and a second fuel system with
at least one pump which is arranged to pressurize the second fuel to the injection
pressure. It is characteristic to the invention that the arrangement comprises a fuel
injector unit according to anyone of claims 1-10 wherein the second fuel pressurized
by the at least one pump is arranged as sealing fluid to the sealing fluid chamber of
the first fuel feeding section so as to minimize the first fuel to flow from the first fuel

gallery to the first control section.

[0029] This fuel feeding arrangement and the fuel injector unit provide several ad-

vantages:
- Better shot to shot accuracy and repeatability for the second fuel (e.g. pilot)

- Less engine oil to combustion through orifices which reduces carbon (clog-

ging of the orifices)

- Lower and more accurate second fuel (e.g. pilot) quantity which results in

lower emissions on a wider load range

- No first fuel (e.g. ultra-low viscosity fuel) leakage or no continuous first fuel

re-liquefying which lead to lower parasitic losses.

[0030] According to an embodiment of the invention, the first control section is pro-
vided with a flow channel arranged to extend from an external control fluid source
to the control chamber, which flow channel is provided with a valve so as to open or
close flow communication from the external control fluid source to the control cham-

ber.

[0031] Another object of the invention is met by an internal combustion piston en-

gine comprising a fuel injector unit according to anyone of claims 1-12.

[0032] The fuel pressure in the second fuel system pressure must be maintained
higher than the fuel pressure in the first fuel system to have the sealing fluid system
to operate as intended. The pressure difference may be for example 5 MPa —
20MPa.
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[0033]

[0034] The exemplary embodiments of the invention presented in this patent appli-
cation are not to be interpreted to pose limitations to the applicability of the ap-
pended claims. The verb "to comprise” is used in this patent application as an open
limitation that does not exclude the existence of also unrecited features. The ex-
pressions referring to order or sequence, such as a first fuel feeding section and
second fuel feeding section do not mean a certain order in the operation unless
specifically stated. The features recited in depending claims are mutually freely com-
binable unless otherwise explicitly stated. The novel features which are considered

as characteristic of the invention are set forth in particular in the appended claims.

Brief Description of Drawings

[0035] In the following, the invention will be described with reference to the accom-

panying exemplary, schematic drawings, in which

Figure 1 illustrates a fuel feeding arrangement of an internal combustion piston en-

gine according to the first embodiment of the invention,

Figure 2 illustrates a fuel feeding arrangement of an internal combustion piston en-
gine according to another embodiment of the invention, and

Figure 3 illustrates a fuel feeding arrangement of an internal combustion piston en-

gine according to still another embodiment of the invention.

Detailed Description of Drawings

[0036] Figure 1 depicts schematically a fuel feeding arrangement 10 in an internal
combustion piston engine 100, which engine 100 is depicted only by a schematic
partial presentation of a cylinder 110 and a cylinder head 120. The fuel feeding ar-
rangement 10 comprises a first fuel system 400 with at least one high pressure fuel
pump 405 which is arranged to pressurize the first fuel to the injection pressure, and
a second fuel system 600 with at least one pump 605 which is arranged to pressur-
ize the second fuel to the injection pressure. Figure 1 illustrates a first fuel source
402 arranged in flow communication with the pump 405. Figure 1 illustrates also a

second fuel source 602 arranged in flow communication with the pump 605.

RECTIFIED SHEET (RULE 91) ISA/EP

PCT/FI12016/050181
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[0037] The fuel feeding arrangement 10 further comprises a fuel injector unit 20 for
assembly to the cylinder head 120 of the internal combustion piston engine 100 and
for injecting first and second fuel to the internal combustion piston engine 100. The
fuel injector unit 20 comprises a body 25 which can be removably assembled to the
cylinder head 120 of the internal combustion piston engine 100. In Figure 1, phan-
tom line illustrates a border of the fuel injector unit 20. Thus the fuel injector unit 20
can be easily retrofitted to the engine 100. The fuel injector unit 20 comprises two
fuel feeding sections: a first fuel feeding section 410 and a second fuel feeding sec-
tion 610. The first fuel feeding section 410 is coupled to the first fuel system 400 of
the engine 100. The second fuel feeding section 610 is coupled to the second fuel
system 600 of the engine 100. The first fuel system 400 is arranged to feed liquefied
gaseous fuel and the second fuel system is arranged to feed liquid fuel. According
to an embodiment of the invention, the first fuel system 400 feeds alcoholic based
fuel such as methanol or other ultra-low viscosity or liquid gas fuel, and the second
fuel system 600 feeds pilot fuel, such as diesel fuel, i.e. ignition fuel for compression
ignition purposes. Thus, according to an embodiment of the invention, the first fuel
is called as a main fuel and the second fuel as a pilot fuel. Both fuels are injected to
the combustion chamber e.g. cylinder 112 of the engine 100 via the same fuel in-

jector unit 20.

[0038] The first fuel feeding section 410 comprises at least one first fuel injection
valve 442 for controlling injection of first fuel to the combustion chamber 110 of the
engine 100 when assembled to the engine 100. The at least one first fuel injection
valve 442 is arranged at a first end of the fuel injector unit 20, which is assembled
to open into the combustion chamber i.e. cylinder 112 of the engine 100. In an em-
bodiment of the invention, shown in Figure 1, three first fuel injection valves 442 are
shown and the combustion chamber 110 is the cylinder 112 of the engine 100. The
number of the first fuel injection valves 442 is not restricted to three by no means
and the number of the first fuel injection valves 442 depends on the application or

fuel. There may be only one of the first fuel injection valves 442.

[0039] Each of the first fuel injection valves 442 is provided with a control needle
450 and a first fuel gallery 444. The first fuel feeding section 410 is further provided
with a first control section 480 arranged opposite end of the first fuel injection valve
442. The first control section 480 is a hydraulic control section and arranged to con-

trol the operation i.e. position of the control needle 450. The control section 480 is
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arranged to operate in hydraulic manner the first fuel feeding section 410 with a
control fluid which is separate from the fuel in the first fuel feeding section 410. The

operation of the first control section 480 will be described more in detail below.

[0040] Figure 1 further illustrates that the first control section 480 is fluidly separated
from the first fuel gallery 444. The term “fluidly separated” means that the first fuel
in the first fuel gallery 444 and the control fluid in the first control section 480 are not
substantially or intentionally mixed with each other. The first fuel gallery 444 is con-
nected to a first fuel inlet 12 in the fuel injector unit 20. The first fuel gallery 444 is
also provided with injection orifice or orifices 112 opened in response to a position

of the first fuel injection valve 442.

[0041] The first control section 480 is provided with a control chamber 484 wherein
a control piston 486 is arranged. The control piston 486 is operated in a spring
loaded manner as will be illustrated below. There is a gap between the control piston
486 and an inner wall of the control chamber 484. An end portion 486’ of the control
piston 486 extends to an operational connection with the control needle 450 so as
to control opening and closing of the control needle 450. The control piston 486,
specifically the end portion 486’, is mechanically connected to the control needle
450. Thus movements occur concurrently with the control piston 486 and control
needle 450.

[0042] The control chamber 484 is divided into two portions: a first end portion 484.1
and a second end portion 484.2 arranged opposite to each other. The first end por-
tion 484.1 of the control chamber 484 of the first control section 480 is connected in
flow communication with a passage 482 arranged in the fuel injector unit 20. Spe-
cifically, the first control section 480 is provided with a control oil inlet 481 wherein
the control oil inlet 481 is arranged in flow communication with an external control
fluid source 800 via the passage 482. The passage 482 is further arranged in flow
communication with an external channel 16, which external channel 16 is in flow
communication with the external control fluid source 800. The external channel 16
is provided with a valve element 182 arranged upstream the fuel injector unit 20. In
other words, the fuel feeding arrangement 10 comprises the first control section 480
which is provided with a flow channel comprising the passage 482 and the external
channel 16 which flow channel extends from the external control fluid source 800 to

the control chamber 484. Furthermore, this flow channel is provided with the valve
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element 182 so as to open or close flow communication from the external control

fluid source to the control chamber 484.

[0043] Advantageously, the valve element 182 is an electronically operated valve,
a so-called electronic relief valve. The valve element 182 has two position: a first
position and a second position. When the valve element 182 is arranged at the first
position, the external channel 16 guides a control fluid or oil to flow from the external
control fluid source 800 into the first end portion 484.1 of the control chamber 484
s0 as to control the operation of the control needle 450. The second end portion
484.2 of the control chamber 484 is connected via a passage 488 in the injector unit
20 and via an external discharge channel 18 to a low pressure reservoir 180. Spe-
cifically, a volume in the first end portion 484.1 increases when the control fluid is
allowed to flow therein while a volume in the second end portion 484.2 decreases.
A portion of the control fluid or oil flowing to the first end portion displaces corre-
sponding portion from the second end portion. Then, a portion of the control fluid or
oil from the second end portion 484.2 is guided via the passage 488 and via the
external discharge channel 18 to the low pressure reservoir 180. Thus, when the
control piston 486 moves towards the second end portion 484.2, it opens with the
control needle 450 the flow communication from the first fuel gallery 444 to the cyl-
inder 110 of the engine 100. In other words, the control fluid is acting on the control
piston 486 so that it is lift upwards and the control needle 450 lifts up against a
spring’s force when pressurized. A spring force keeps the control piston 486 in its
closing position (the first fuel injection valve 442 is also its closing position) when
the control section 480 is not pressurized. The passage 488 is also arranged to
collect small amount control oil leakage from the bottom of the control oil piston 486
and connects it to the passage 488. This will make sure that control oil and sealing

fluid will not mix together.

[0044] When the valve element 182 is arranged at the second position (shown in
Figure 1), the control fluid or oil flows from the first end portion 484.1 of the control
chamber 484 to the low pressure reservoir 180 via an external discharge conduit
19. When the valve element 182 is arranged at the second position, the control
needle moves towards its closing position and it closes the flow communication from
the first fuel gallery 444 to the cylinder 110 of the engine 100. When the valve ele-
ment 182 is arranged at the second position, the control section 480 is depressur-

ized. Thus the flow communication from the first fuel gallery 444 to the combustion
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chamberi.e. cylinder 112 closes. The external discharge conduit 19 is provided with
a valve 184 arranged to be operated in response by a pressure in the discharge
conduit 19.

[0045] In an embodiment shown in Figure 1, the fuel injector unit 20, and more
specifically, the first fuel feeding section 410 thereof, comprises a first pressure ac-
cumulator 430 integrated within the body 25 of the fuel injector unit 20. The first
pressure accumulator 430 is arranged in flow communication with the first fuel in-
jection valves 442 via a first fuel channel 24. Specifically, the first pressure accumu-
lator 430 is arranged in flow communication with the first fuel gallery 444 via the first

fuel channel 24. The first fuel channel 24 opens into the first fuel gallery 444.

[0046] The first fuel feeding section 410, more specifically the first fuel channel 24,
is further provided with a main flow fuse valve 460 arranged between the first fuel
inlet 12 in the injector unit 20 and the first fuel injection valve 442. In Figure 1, the
main flow fuse valve 460 is arranged between the first pressure accumulator 430
and the first fuel gallery 444 of the first fuel injection valve 442. In other words, the
first fuel feeding section 410 is provided with the first pressure accumulator 430
arranged upstream the main flow fuse valve 460 in the injector unit 20. The main
flow fuse valve 460 is a device allowing only a predetermined amount of fluid to flow
at one instance. The main flow fuse valve 460 is integrated within the body 25 of the
fuel injector unit 20, in close proximity of the first fuel gallery 444 of the first fuel

injection valve 442.

[0047] The second fuel feeding section 610 comprises a second fuel injection valve
642 for controlling injection of second fuel to the combustion chamber 110 the en-
gine 100 when assembled to the engine 100. The second fuel injection valve 642 is
arranged at the first end of the fuel injector unit 20, which is assembled to open into
the combustion chamber i.e. cylinder 112 of the engine 100. The second fuel injec-
tion valve 642 comprises a first end arranged in a vicinity of second fuel injection
spray orifices 114 and a second end opposite the first end. The combustion chamber
110 is in this embodiment the cylinder of the engine 100. The second fuel injection

valve 642 is connected to a second fuel inlet 14 in the fuel injector unit 20.

[0048] The second fuel injection valve 642 comprises an injector needle 650 ar-
ranged therein. The second fuel injection valve 642 is provided with a second fuel

gallery 644 and a second control section 680. The second control section 680 is
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arranged at a distance from the orifices 114 (i.e. in Figure 1 at an upper portion of
the injector needle 650). The injector needle 650 is arranged to prevent or allow an
injection of the second fuel to flow from the second fuel gallery 644 into the com-
bustion chamber e.g. cylinder 112 of the engine 100 by closing or opening a flow
connection between the second fuel injection spray orifices and the second fuel gal-
lery 644.

[0049] The second control section 680 is provided with a control space 648 ar-
ranged opposite end of the second fuel gallery 644. The control space 648 is bor-
dered by a collar part 670 into which the second end of the injector needle 650 of
the second fuel injection valve 642 extends and an upper portion of the second end
of the second fuel injection valve 642. The collar part 670 has a cylindrical inner
space and the second end of the injector needle 650 of the second fuel injection
valve 642 has a cylindrical outer surface and they have a common central and lon-
gitudinal axis. Thus and more specifically, the position of the injector needle 650 of
the second injection valve 642 is effected by pressure of the second fuel in the con-
trol space 648. The pressurized second fuel urges the injector needle 650 towards
its closed position and by reducing the pressure the injector needle 650 is allowed

to move away from its closed position.

[0050] According to an embodiment illustrated in Figure 1, the second fuel system
400 is provided with a second accumulator space 630 arranged within the body 25
of the fuel injector unit 20. The second accumulator 630 is arranged in flow commu-
nication with the second fuel gallery 644 via a second fuel channel 26. The second
fuel channel 26 opens into the second fuel gallery 644. The second fuel feeding
section 610, more specifically the second fuel channel 26, is provided with a flow
fuse valve 660 arranged between the second fuel inlet 14 and the second fuel in-
jection valve 642. The flow fuse valve 660 is arranged to open and close flow com-
munication from the second fuel inlet 14 via the second fuel channel 26 to a sealing

fluid chamber 448 of the first fuel feeding section 410.

[0051] The sealing fluid chamber 448 comprises advantageously a ring volume 448’
around the main needle guiding surface(s), which is located farther from the main
needle(s) than the first fuel gallery 444. Higher pressure in sealing fluid chamber
prevents the main fuel from flowing along the needle guide(s), but some of the seal-
ing fuel can flow towards the first fuel gallery 444. This is acceptable because the

sealing fluid is combustible and it will burn along with the main fuel.
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[0052] The clearance around the control needle(s) 450 is very small and thus it
keeps the sealing fluid flow on a very small level, and also the pressure in the sealing
fluid chamber 448 and the ring volume 448’ high enough. On top of the control nee-
dle 450 the sealing fluid chamber 448 forms a gallery which collects all sealing
fluid(s) from all main needle(s). Then it is directed out of the injector through a ded-

icated outlet and conduit.

[0053] Specifically, the flow fuse valve 660 is arranged to allow only a limited
amount of second fuel to flow blocking the second fuel to flow, for instance, in case
of malfunction of the second fuel system 600. The second fuel injection valve 642
comprises a valve plate 652 arranged at the upper portion of the injector needle 650
or more specifically at an upper portion of the second fuel injection valve 642. The

valve plate 652 borders the upper part of the second fuel injection valve 642.

[0054] The valve plate 652 is provided with a connection channel 654 which con-
nects the second fuel channel 26 to the control space 648 inside the collar part 670.
The connection channel 654 is provided with a first constriction 656. The valve plate
652 is provided also with a discharge channel 658 which opens into the control
space 648 inside the collar part 670. The discharge channel 658 is provided with a
second constriction 655 through which the discharge channel 658 connects to a
valve member 664. The valve member 664 is preferably an on-off solenoid valve
and it separates connectably a high pressure part and low pressure part from each
other. The discharge channel 658 is connected to an external discharge chamber

700. The discharge channel 658 is provided with a valve element 668.

[0055] When the valve member 664 opens a flow communication between dis-
charge channel 658 and the low pressure part i.e. the external discharge chamber
700, the pressure in the control space 648 inside the collar part 670 and above the
injector needle 650 decreases rapidly. This is due to the fact that the first constriction
656 has a first area for fuel flow that is smaller than a second area of the second
constriction 655 in the discharge channel 658. Decreasing the pressure in the con-
trol space 648 inside the collar part 670 and above the injector needle 650, while
the pressure in the second fuel gallery 644 is maintained in practical circumstance
unchanged, changes the balance of forces acting against the injector needle 650 in
the direction of its longitudinal axis causing it to move towards the valve plate 652
and opening a flow communication between the orifices 114 for fuel injection and

the fuel gallery 642.
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[0056] As illustrated in Figure 1, the collar part 670 is pressed against the valve
plate 664 by a needle spring 646 which is supported between the collar part 670
and the injector needle 650 of the second fuel feeding section 610. The needle
spring 646 assists in holding the collar static and pressure tight against the valve
plate 652. It should be noted that there can be a clearance 675 between the collar
part 670 and the injector needle 650 so as to allow some fuel to flow or leak from
the second fuel gallery 644 to the control space 648, which assists lubrication be-

tween the reciprocating injector needle 650 and the stationary collar part 670.

[0057] The fuel injector unit 20 further comprises the sealing fluid chamber 448 ar-
ranged between the first control section 480 and the first fuel gallery 444 of the first
fuel injection valve 442. The sealing fluid chamber is arranged to circumscribe a
stem part of the first fuel injection valve 442. For example, there may arrange a
radial groove or alike 448’ arranged into the cylinder section where the stem is ar-

ranged and the 26.3 is connected to the groove or alike.

[0058] The sealing fluid chamber 448 is arranged in flow communication with the
second fuel feeding section 610 such that the second fuel is arranged to act as
sealing fluid minimizing the first fuel to flow or leak out from the first fuel gallery 444
to the first control section 480. Therefore, the first fuel injection valve 442 is partic-
ularly suitable for injecting methanol and other toxic fuels, or other ultra-low viscosity

or liquid gas fuels.

[0059] The second fuel channel 26 has three branches a first branch 26.1 is con-
nected to the second fuel gallery 644, a second branch 26.2 is connected to the
valve plate 652 and a third branch 26.3 is arranged in flow communication with the
sealing fluid chamber 448 of the first fuel feeding section 410. It should be noted,
however, that the first branch 26.1 can be integrated to the valve plate 652 even
though not illustrated. The flow fuse valve 660 of the second fuel feeding section
610 is arranged to control a second fuel feeding into the sealing fluid chamber 448.
Thus the flow fuse valve 660 of the second fuel feeding section 610 can open or
close the flow communication from the second fuel inlet 14 in the injector unit 20 to

the sealing fluid chamber 448 of the first fuel feeding section 410.

[0060] The third branch 26.3 of the second fuel channel 26 is provided with a pres-
sure control valve 694. The third branch 26.3 is further provided with a check valve

697 and an orifice 699. The check valve 697 prevents the pressure from line 26.3
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to escape if the flow fuse closes the fuel path or if the fuel pump 605 stops operating.
The pressure control valve 694 is arranged to be operated in response of the pres-
sure prevailing in the first fuel channel 24 and the pressure prevailing downstream
the pressure control valve 694 in the third branch 26.3 that is between the pressure
control valve 694 and the first fuel injection valve 448. Thus, the pressure control
valve 694 effects on the feeding of second fuel into the sealing fluid chamber 448 in
addition to the flow fuse valve 660 of the second fuel feeding section 610. However,
if there is a malfunction in the second injection valve 642 and the flow fuse valve
660 closes then the sealing fluid does not flow into the sealing fluid chamber 448.
The pressure control valve 694 is provided with a first connection line 696 acting as
a pressure detecting channel leading from the first fuel channel 24 to the pressure
control valve 694. The pressure control valve 694 is provided with a second con-
nection line 695 acting as a pressure detecting channel leading from a location in
the third branch 26.3 downstream of the pressure control valve 694 to the pressure

control valve 694.

[0061] In the pressure control valve 694 the pressure of the first fuel channel 24
and the pressure in the third branch 26.3 downstream of the pressure control valve
694 are arranged to urge the pressure control valve 694 to opposite positions, such
that the balance pressures determine together with a bias spring 693 the actual
position of the valve. The spring force should be selected so that the pressure in
third branch line 26.3 is about 5 - 20 kPa higher than the pressure in the connection
line 696. If pressure in line 26.3 is higher than the set value, valve 694 will close

until pressure in line 26.3 drops again.

[0062] The connection line 696 between the valve element 694 and the first fuel
channel 24 is provided with a constriction 698 so as to control operation of the valve
element 694. Thus, the sealing fluid chamber 448 is arranged in flow communication
with the second fuel feeding section 610 via a pressure control valve 694. The pres-
sure control valve i.e. the valve element 694 is adapted maintain a pressure in the
sealing fluid chamber 448 in response to the pressure of the first fuel. Specifically,
sealing fluid pressure can be reduced close to the first fuel pressure with the pres-
sure control valve 694 so as to avoid excess leakage of the sealing fluid to the first

fuel side.
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[0063] The sealing chamber 448 is provided with a discharge conduit 458 which
guides the sealing fluid to flow from the sealing chamber 448 to the external dis-
charge chamber 700 similarly as is the control space 648 of the second fuel injection
valve 642. Thus the discharge chamber 700 is common for the discharge conduit
458 of the first fuel feeding section 410 and the discharge channel 658 of the second
fuel feeding section 610. In operation, the discharge conduit 458 continuously dis-
charges portions of the second fuel therefrom, in practical circumstances, so as to

maintaining adequate pressure in the sealing fluid chamber 448.

[0064] Figure 2 illustrates a fuel injection arrangement 10 according to an embodi-
ment of the invention wherein the second accumulator space 630 and the flow fuse
valve 660 are arranged outside of the fuel injector unit 20. In other words, the second
accumulator space 630 and the flow fuse valve 660 do not belong to the body 25 of
the fuel injector unit 20. Note that the second fuel inlet 14 is arranged in this embod-
iment between the second injection valve 642 and the flow fuse valve 660. In other
words, the second fuel inlet 14 is downstream the flow fuse valve 660. More specif-
ically, the fuel inlet 14 is arranged at a wall portion of the fuel injector 20. All the

same features in Figures 1 and 2 are indicated by the same reference numbers.

[0065] In the Figure 3 there is shown a fuel injection arrangement 10 according to
another embodiment of the invention wherein the first fuel injection valve 420 com-
prises only one control needle 450 and its fuel gallery 444. This implies that accord-
ing to the invention the amount of the control needles 450 is selected case by case

depending of the required injection quantity during one injection.

[0066] Additionally, there is shown another feature, which however is usable in con-
nection with any number of the control needles 452 in the injector unit 20. In the
feature the third branch 26.3 of the second fuel channel 26 is arranged in flow com-
munication between the sealing fluid chamber 448 of the first fuel feeding section
410 and the second fuel channel 26 upstream the flow fuse valve 660. In this em-
bodiment the sealing fluid may be introduced to the sealing fluid chamber 448 irre-

spectively of the operational status of the flow fuse valve 660.

[0067] The third branch 26.3 of the second fuel channel 26 is provided with a pres-
sure control valve 694 which operates and servers the same function as in the figure
1. The third branch 26.3 is further provided with a check valve 697 and an orifice

699. The check valve 697 prevents the pressure from line 26.3 to escape if the flow
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fuse closes the fuel path or if the fuel pump 605 stops operating. Remaining pres-

sure in line 26.3 will drop slowly giving additional time to cope with the disturbance.

[0068] Here the pressure control valve 694, check valve 697 and orifice 699 are

arranged outside the injector unit 20.

[0069] Even though Figures 1 2, and 3 illustrate that the combustion chamber is a
cylinder of the engine, according to an embodiment of the invention, the combustion
chamber 110 may a prechamber arranged conventionally in an upper portion of the

cylinder, to the cylinder head.

[0070] While the invention has been described herein by way of examples in con-
nection with what are, at present, considered to be the most preferred embodiments,
it is to be understood that the invention is not limited to the disclosed embodiments,
but is intended to cover various combinations or modifications of its features, and
several other applications included within the scope of the invention, as defined in
the appended claims. The details mentioned in connection with any embodiment
above may be used in connection with another embodiment when such combination

is technically feasible.
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Claims

1.

A fuel injector unit (20) for assembly to a cylinder head (120) of an internal

combustion piston engine (100) and for injecting first and second fuel to the internal

combustion piston engine (100), the fuel injector unit (20) comprising:

A first fuel feeding section (410) comprising at least one first fuel injection
valve (442) for controlling injection of first fuel to the engine (100) when as-
sembled to the engine (100), wherein the first fuel injection valve (442) is
provided with a first fuel gallery (444) and a first control section (480) ar-
ranged opposite ends of the first fuel injection valve (442), wherein the first
control section (480) is a hydraulic control section, and wherein the first fuel
gallery (444) is connected to a first fuel inlet (12) in the fuel injector unit (20)
and wherein the first fuel gallery (444) is provided with injection orifice or
orifices (112) opened in response to a position of the first fuel injection valve
(442), and wherein the first fuel feeding section (410) is further provided with
a main flow fuse valve (460) arranged between the first fuel inlet (12) in the

injector unit (20) and the first fuel injection valve (442),

A second fuel feeding section (610) comprising a second fuel injection valve
(642) for controlling injection of second fuel to the engine (100) when as-
sembled to the engine (100), wherein the second fuel injection valve (642)

is connected to a second fuel inlet (14) in the fuel injector unit (20),

characterized in that a sealing fluid chamber (448) is arranged between the first

control section (480) and the first fuel gallery (444) of the first fuel injection valve

(442), and that the sealing fluid chamber (448) is arranged in flow communication

with the second fuel feeding section (610) such that the second fuel is arranged to

act as sealing fluid minimizing the first fuel to flow from the first fuel gallery (444) to

2.

the first control section (480).

A fuel injector unit (20) according to claim 1, characterized in that the seal-

ing fluid chamber (448) is arranged in flow communication with the second fuel feed-

ing section (610) via a pressure control valve (694).
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3. A fuel injector unit (20) according to claim 2, characterized in that the pres-
sure control valve (694) is adapted maintain pressure in the sealing fluid chamber

(448) higher than the pressure of the first fuel.

4. A fuel injector unit (20) according to claim 1, characterized in that the sec-
ond fuel feeding section (610) comprises a second fuel injection valve (642), a sec-
ond fuel gallery (644) and a second control section (680) wherein position of the
second injection valve (642) is effected by a pressure of the second fuel in the sec-
ond control section (680), and that the second fuel feeding section (610) is provided
with a flow fuse valve (660) arranged between the second fuel inlet (14) and the

second fuel injection valve (642).

5. A fuel injector unit (20) according to claim 4, characterized in that the flow
fuse valve (660) is arranged to open and close flow communication from the second
fuel inlet (14) via a second fuel channel (26) to the sealing fluid chamber (448) of

the first fuel feeding section (410).

6. A fuel injector unit (20) according to anyone of claims 1-3, characterized in
that the first control section (480) of the first fuel feeding section (410) is a hydraulic
control section fluidly separated from the first fuel gallery (444) and provided with a

control oil inlet (481).

7. A fuel injector unit (20) according to anyone of claims 1-6, characterized in
that the sealing fluid chamber (448) is provided with a discharge conduit (458) for
allowing a discharge of the second fuel therefrom so as to maintaining adequate

pressure in the sealing fluid chamber (448).

8. A fuel injector unit (20) according to anyone of claims 1-7, characterized in
that the first fuel feeding section (410) is provided with a first pressure accumulator

(430) arranged upstream the main flow fuse valve (460) in the injector unit (20).

9. A fuel injector unit (20) according to anyone of claims 1-8, characterized in
that the second fuel feeding section (610) is provided with a second fuel accumulator
(630) in the injector unit (20).

10. A fuel injector unit (20) according to claim 2, characterized in that the pres-
sure control valve is provided with a pressure detecting channel leading from the

first fuel channel (24) to the pressure control valve (694).
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11. A fuel injector unit (20) according to claim 2, characterized in that the pres-
sure control valve is provided with a pressure detecting channel leading from a third
branch (26.3) downstream of the pressure control valve (694) to the pressure control
valve (694).

12. A fuel feeding arrangement (10) comprising a first fuel system (400) with at
least one high pressure fuel pump (405) which is arranged to pressurize the first fuel
to the injection pressure, and a second fuel system (600) with at least one pump
(605) which is arranged to pressurize the second fuel to the injection pressure, char-
acterized in that the arrangement (10) comprises a fuel injector unit (20) according
to anyone of claims 1-10 wherein the second fuel pressurized by the at least one
pump (605) is arranged as sealing fluid to the sealing fluid chamber (448) of the first
fuel feeding section (410) so as to minimize the first fuel to flow from the first fuel

gallery (444) to the first control section (480).

13. A fuel feeding arrangement (10) according to claim 12, characterized in that
the first control section (480) is provided with a flow channel (16, 482) arranged to
extend from an external control fluid source (800) to the control chamber (484),
which flow channel (16, 482) is provided with a valve (182) so as to open or close
flow communication from the external control fluid source (800) to the control cham-
ber (484).

14. An internal combustion piston engine (100) comprising a fuel injector unit

(20) according to anyone of claims 1-11.
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