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Fig. 1

(57) Abstract: Invention relates to a method of operating an internal combustion piston engine (20), wherein combustion air is pres -
surized to a first pressure, and gaseous fuel is maintained at a second pressure in a fuel mixing chamber (16) for introducing gaseous
fuel directly into the combustion chamber (26) of the engine (20). A first portion of the pressurized air is introduced into the com -
bustion chamber (26) of the engine (20), a second portion of the pressurized air is injected into the fuel mixing chamber (16), and
the second portion of the pressurized air injected into the fuel mixing chamber (16) is mixed with the gaseous fuel forming an air-
fuel mixture, which is admitted to the combustion chamber (26) of a cylinder (22) of the engine (20) while the piston (24) of the cyl -
inder (22) is at a region of the bottom dead center, and the gaseous fuel is ignited. The invention relates also to a charge admission
system (10) for a super-charged internal combustion piston engine (20).
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A method of operating an internal combustion piston engine by
combusting gaseous fuel in the engine and a charge admission

system for a supercharged internal combustion piston engine

Technical field

[001] The present invention relates to a method of operating an internal
combustion piston engine by combusting gaseous fuel in the engine ac-
cording to the preamble of claim 1.

[002] The present invention relates also to a charge admission system
for a supercharged internal combustion piston engine.

Background art

[003] Gas fired engines, e.g., natural gas fired engines, may use gas
admission valves to admit the natural gas into the intake channel in in-
ternal combustion engines. For that purpose in particular solenoid oper-
ated gas admission valves (SOGAVs) are used. A SOGAV may be an
electrically actuated, high response gas admission valve for in-manifold
or port fuel admission. The SOGAV may be designed for use on four-
cycle, turbocharged, natural gas or dual-fuel engines. Typically, one
SOGAV is required for each cylinder of the engine. Introduction of gase-
ous fuel into the intake channel brings certain advantages and some
challenges.

[004] Publication WO 2011/045026 A1 discloses a gas fuel admission
system for a gas fired engines. An engine gas inlet is configured to direct
gas into the at least one combustion chamber. An intake air inlet is con-
nected to the combustion chamber. The fuel admission system compris-
es a gas pressure relief device that is fluidly connected to the gas con-
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duit. The gas pressure relief device is configured to relieve overpressure

of the gas in the gas supply conduit.

[005] Publication US 2003/0140902 A1 relates to compressed natural
gas direct injection into the internal combustion engine. There is shown a
controllable device for injecting compressed natural gas. The natural gas
is injected between 210° and 90° crank angle before top dead center of
the piston. Air is introduced into the combustion chamber via an intake

channel when the intake valve is open.

[006] It is well known that compressed natural gas injection system for
gaseous fuel engines includes an electronic control unit controlling injec-
tion timing to inject compressed gas into cylinders as each piston near its

top dead center position.

[007] A problem which may arise in gas fired engines supplied with gas
fuel via a gas fuel admission system comprising a gas fuel admission
device arranged in connection with a combustion chamber of the engine
is that the gaseous fuel and air are not mixed well with each other in the

combustion chamber.

[008] An object of the invention is to provide a method of operating an
internal combustion piston engine wherein mixing of gaseous fuel and
combustion air in the combustion chamber is improved compared to the

prior art solutions.

Disclosure of the Invention

[009] An object of the invention is met by a method of operating an in-
ternal combustion piston engine by combusting gaseous fuel in the en-
gine, wherein

- combustion air is pressurized to a first pressure, which air is intro-

ducible into a combustion chamber of the engine,
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- gaseous fuel is maintained at a second pressure in a fuel mixing
chamber for introducing gaseous fuel directly into the combustion
chamber of the engine.

[0010] It is characteristic to the invention that

- afirst portion of the pressurized air is introduced into the combus-
tion chamber of the engine,

- asecond portion of the pressurized air is injected into the fuel mix-
ing chamber, and

- the second portion of the pressurized air injected into the fuel mix-
ing chamber is mixed with the gaseous fuel forming an air-fuel
mixture,

- the air-fuel mixture is admitted to the combustion chamber of a
cylinder of the engine while the piston of the cylinder is at a region
of the bottom dead center, and

- the gaseous fuel is ignited and combusted in the combustion

chamber of the engine.

[0011] This provides a method of operating an internal combustion piston
engine wherein mixing of gaseous fuel and combustion air in the com-
bustion chamber is improved compared to the prior art solutions. This
enhances the overall combustion process of the engine, reduces emis-
sions and enhances the safety. Advantageously, the total mass of the
injection of the air-fuel mixture is greater than the mass of the injection of
gaseous fuel in the prior art solutions. The greater mass generates more
turbulence and thus improves the mixing of the gaseous fuel with the air
in the combustion chamber compared to prior art solutions.

[0012] The crank angles (CA) referred to herein uses a reference point 0
degrees of CA at piston top dead center during intake stroke applied to a
four stoke engine. Thus, a crank angle 180 deg.CA corresponds to the
exact bottom dead center of the piston.

PCT/FI12015/050406
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[0013] According to an embodiment of the invention the region of the bot-
tom dead center is 45 - 315 deg. CA, and thus the air-fuel mixture is ad-
mitted to the combustion chamber of a cylinder of the engine while the
piston of the cylinder is at a position of 45 - 315 deg. CA.

[0014] According to an embodiment of the invention, the air-fuel mixture
is admitted to the combustion chamber of the cylinder of the engine after
an inlet valve of the cylinder has been closed and the piston of the cylin-
der is at a position of 45 - 315 deg. CA. In other words, the first portion of
air is introduced into the combustion chamber prior to the introduction of
air-fuel mixture. Particularly since the inlet valve has been closed early
before the bottom dead center the pressure in the cylinder decreases
and the circumstances for admission the air-fuel mixture into the com-

bustion chamber of a cylinder are favourable.

[0015] According to an advantageous embodiment of the invention, the
air-fuel mixture is admitted to the combustion chamber of the cylinder of
the engine after an inlet valve of the cylinder has been closed and the
piston of the cylinder is at a position of 45 - 315 deg. CA.

[0016] According to an embodiment of the invention, the pressure in the
cylinder is determined and the air-fuel mixture is admitted to the combus-
tion chamber of the cylinder during the determined pressure in the cylin-
der is lower than the second pressure of the gaseous fuel. This way the
pressure in the cylinder facilitates for admission of the air-fuel mixture
into the combustion chamber.

[0017] According to an embodiment of the invention, the pressure in the
cylinder is determined by measuring the pressure with one or more pres-

sure sensors.
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[0018] According to an embodiment of the invention, the pressure in the
cylinder is determined by estimation based on predetermined engine’s

control instructions.

[0019] According to an embodiment of the invention, the first pressure is
higher than the second pressure. In other words, the pressure in the air

receiver is higher than the pressure in the fuel mixing chamber.

[0020] According to an embodiment of the invention, the method com-
prises a step of controlling an injection of the second portion of the air

into the fuel mixing chamber with a valve element.

[0021] According to an embodiment of the invention, the valve element is
a check valve wherein back flow is prevented. In other words a flow from

the fuel mixing chamber into the air receiver is prevented.

[0022] According to an embodiment of the invention, the method com-
prises a step of controlling a mass ratio of the air and gaseous fuel in the
fuel mixing chamber to be in a range of 1:1 to 10:1.

[0023] According to an embodiment of the invention, the air-fuel mixture
is mixed with the first portion of the pressurized air in the combustion

chamber.

[0024] Another object of the invention is met by a charge admission sys-

tem for a supercharged internal combustion piston engine comprising

a. a charge air supply system, comprising
i.  asupercharger unit,
ii. an air receiver,
ii.  controlling means for controlling the operation of the super-
charger unit and thus the pressure in the air receiver, and
iv.  intake channels controllably connecting the air receiver with

each combustion chamber of the engine,
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b. a gaseous fuel supply system, comprising
i. at least one fuel mixing chamber being connected to at
least one cylinder of the engine,
i. means for controlling pressure in the fuel mixing chamber,
and
ii.  fuel injection means suitable for introducing a controlled
amount of gas from the fuel mixing chamber directly into

each combustion chamber of the engine.

[0025] It is characteristic to the invention that the charge air supply sys-
tem comprises a conduit for introducing a portion of the pressurized air
from the air receiver into the fuel mixing chamber so as to form an air-

fuel mixture in the fuel mixing chamber.

[0026] This provides a charge admission system which performance is
improved for mixing gaseous fuel and combustion air in the combustion
chamber compared to the prior art solutions. This enhances the overall
combustion process of the engine, reduces emissions and enhances the

safety.

[0027] According to an embodiment of the invention, the gaseous fuel
supply system comprises only one fuel mixing chamber being common
to all cylinders of the engine. Thus the fuel mixing chamber can be called

as a gaseous fuel rail.

[0028] According to an embodiment of the invention, each cylinder of the
engine is provided with a dedicated fuel mixing chamber. In other words,
each cylinder of the engine is provided with its own fuel mixing chamber.

Thus a number of fuel mixing chambers equals to a number of cylinders.

[0029] According to an embodiment of the invention, each cylinder of the
engine is provided with at least one fuel mixing chamber being common

to at least two cylinders of the engine.

PCT/FI12015/050406
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[0030] According to an embodiment of the invention, the charge admis-
sion system comprises a control unit, which control unit comprises in-
structions to introduce using a feeding means a portion of the pressur-
ized air from the air receiver via an intake channel into the combustion

chamber of the engine.

[0031] According to an embodiment of the invention, the charge admis-
sion system comprises the control unit, which control unit comprises in-
structions to admit the air-fuel mixture from the fuel mixing chamber into
the combustion chamber of a cylinder of the engine while a piston of the
cylinder is at a position of 45 — 315 deg. CA.

[0032] According to an embodiment of the invention, the control unit
comprises the instructions to admit the fuel-air mixture into the combus-
tion chamber of the cylinder of the engine after an inlet valve of the cylin-
der has been closed and when the piston of the engine is at a position of
45 — 315 deg. CA.

[0033] According to an embodiment of the invention, one or more pres-

sure sensors are arranged to measure pressure in the cylinder.

[0034] According to an embodiment of the invention, the control unit

comprises instructions to estimate prevailing pressure in the cylinder.

[0035] According to an embodiment of the invention, the control unit is
arranged to control a valve element for controlling an injection of fuel-air

mixture into the combustion chamber.

[0036] According to an embodiment of the invention, the conduit for in-
troducing a portion of the pressurized air from the air receiver into the
fuel mixing chamber is provided with a valve element for controlling the

introduction of the pressurized air into the fuel mixing chamber.
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[0037] According to an embodiment of the invention, the conduit for in-
troducing a portion of the pressurized air from the air receiver into the
fuel mixing chamber is provided with a valve wherein back flow is pre-

vented.

[0038] According to an embodiment of the invention, the conduit for in-
troducing a portion of the pressurized air from the air receiver into the
fuel mixing chamber is provided with a check valve wherein back flow is
prevented.

[0039] According to an embodiment of the invention, the control unit
comprises instructions to maintain pressure in the fuel mixing chamber
depending at least one of a charge pressure, a cylinder pressure or inlet
valve timing maps. Advantageously, the inlet valve maps are based on
the Miller cycle.

Brief Description of Drawings

[0040] In the following, the invention will be described with reference to
the accompanying exemplary, schematic drawings, in which

Figure 1 illustrates a charge admission system of a supercharged inter-
nal combustion piston engine according to an embodiment of the inven-
tion,

Figure 2 illustrates more in detail the charge admission system of a su-
percharged internal combustion piston engine according to an embodi-
ment of the invention, and

Figure 3 illustrates a method according to an embodiment of the inven-

tion.
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Detailed Description of Drawings

[0041] Figure 1 depicts schematically a charge admission system 10 of a
supercharged internal combustion piston engine 20. The engine 20 is a
gas fired engine and it may comprise one or more combustion chambers
26 supplied with air and combustible gas i.e. gaseous fuel, such as natu-

ral gas.

[0042] The charge admission system 10 comprises an air supply system
11, a gaseous fuel supply system 15 and a control unit 40. The charge
air supply system 11 comprises an air receiver 12, a supercharger unit
34 and intake channels 14. The gaseous fuel supply system 15 compris-
es a fuel mixing chamber 16 and means for controlling pressure 31 of the
gas in the fuel mixing chamber 16. The gaseous fuel supply system 15
comprises also fuel injection means, such as gas solenoid controlled in-
jectors (not shown) suitable for introducing a controlled amount of gas
from the fuel mixing chamber 16 directly into each combustion chamber
26 of the engine 20. The means 31 for controlling the pressure may be a
part of a gaseous fuel source 30. The fuel injection means may be a

needle valve, a disk valve or any suitable gas admission valve,

[0043] The control unit 40 is arranged to control the operation of the su-
percharger unit 34 and thus the pressure in the air receiver 12. A signal
line 47 depicts schematically an information transfer between the super-
charger unit 34 and the control unit 40. The super charger unit 34 is pro-
vided with a mechanical actuator system effecting on the performance of
the supercharger, known as such. Combustion air is pressurized to a first
pressure by means the super charger by controlling the operation of the
supercharger 34 accordingly. The intake channels 14 are arranged to
connect the air receiver 12 with the each combustion chamber 26 of the
engine 20 dependent on the positions of the intake valves. Thus, the
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pressurized air is introduced from the air receiver 12 into the combustion

chamber 26 of the engine 20.

[0044] According to an embodiment of the invention, the control unit 40
comprises instructions to introduce a first portion of the pressurized air
from the air receiver 12 into the combustion chamber 26 of the engine
20. Figure 1 depicts a signal line 42 for transferring a signal or signals
from the control unit 40 to the air receiver 12 for controlling the pressure
of the air in the receiver and thus the introduction of the air into the com-
bustion chambers 26 of the engine 20.

[0045] The fuel mixing chamber 16 is arranged in flow communication via
a conduit 36 with a gaseous fuel source 30 such as a gaseous fuel tank
arrangement facilitating the gas supply into the rail. The fuel rail 16 may
be a ductwork, or a manifold arranged to distribute the fuel into each cyl-

inder.

[0046] The control unit 40 comprises instructions to control a feed of
gaseous fuel from the gaseous fuel source 30 via the conduit 36 into the
fuel mixing chamber 16 such that a predetermined second pressure is
maintained in the fuel mixing chamber 16. Figure 1 depicts a signal line
43 for transferring a signal or signals from the control unit 40 to gaseous
fuel source 30 for feeding an adequate amount of fuel from the gaseous
fuel source 30 into the fuel mixing chamber 16.

[0047] There is a conduit 32 arranged extending between the air receiver
and the fuel mixing chamber 16. The air receiver 12 is controllably ar-
ranged 33 in flow communication via a conduit 32 with the fuel mixing
chamber 16 of the gaseous fuel supply system 15. Thus the conduit is
provided with a valve 33 for controlling the introduction of the air into the
gas in the rail 16. The valve 33 is according to an embodiment of the in-
vention an on/off valve and the flow rate control is accomplished be

pressure difference between the air receiver and the fuel mixing chamber
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16. According to another embodiment of the invention the valve 33 is a
check valve or alike which prevents a back flow from the fuel mixing
chamber 16 to the air receiver 12.

[0048] The conduit 32 is arranged to be suitable for introducing a portion
of the pressurized air from the air receiver 12 into the fuel mixing cham-
ber 16. Advantageously, the control unit 40 comprises instructions to in-
troduce the second portion of the air from the air receiver 12 into the fuel
mixing chamber 16. Thus, an air-fuel mixture is formed in the fuel mixing
chamber 16. The air-fuel mixture is maintained at a second pressure in

the fuel mixing chamber 16.

[0049] According to an embodiment of the invention a mass ratio of the
air and gaseous fuel in the fuel mixing chamber 16 is maintained in a
range of 1:1 to 10:1. The control unit 40 comprises instructions to main-
tain the air-fuel mixture at the second pressure in the fuel mixing cham-
ber 16. A signal line 46 from the gaseous fuel 16 to the control unit 40

indicates information transfer.

[0050] The fuel mixing chamber 16 is further controllably connected to
the combustion chambers 26 of each cylinder 22 via a conduit 18. Spe-
cifically, each cylinder 22 is provided with its own conduit 18 leading from
the combustion chamber 26 to the fuel mixing chamber 16. Thus gase-
ous fuel- air mixture is introducible from the fuel mixing chamber 16 di-
rectly into the combustion chamber 26 of the engine 20. The fuel mixing
chamber 16 is common to at least two cylinders 22 of the engine 20, but
illustrated here as being common to all the cylinders 22 of the engine.

[0051] The air-fuel mixture is admitted from the fuel mixing chamber 16
into the corresponding combustion chamber 26 of the cylinder 22 while a
piston 24 of the cylinder 22 is advantageously at a position range of 45 —
315 crank angle degree. A mass of an injection of air-fuel mixture is in-

creased and thus the mixing is efficient. The air-fuel mixture is mixed
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with the first portion of the pressurized air in the combustion chamber 26.
Then the gaseous fuel is ignited and combusted in the combustion
chamber 26 of the engine 20. The ignition of charge may be accom-
plished in many ways known as such. Air assists the introduction of the
gaseous fuel into the combustion chamber 26 and considerably improves
the gaseous fuel to mix with the first portion of the air in the combustion
chamber. This enhances the overall combustion process.

[0052] According to an embodiment of the invention, the pressure in the
fuel mixing chamber 16 is maintained at lower level than pressure in the
cylinder 22 at least when the inlet valve 28 is open and the piston is mov-

ing towards the top bottom center.

[0053] Figure 2 illustrates the charge air system 10 of the engine 20 ac-
cording to Figure 1 in more detailed manner. Same features are shown
with same reference characters. The conduit 32 between the air receiver
12 and the fuel mixing chamber 16 is provided with a valve element 33.
The control unit 40 is arranged to control the valve element 33. The valve
element 33 controls a flow of air from the air receiver 12 into the fuel mix-
ing chamber 16. According to an embodiment of the invention the valve
element 33 is an on-off valve by mean of which it is possible to open or
close the flow communication between the air receiver 12 and the fuel

mixing chamber 16.

[0054] According to another embodiment of the invention the conduit 32
is provided with a check valve 37 whereas the flow from the receiver to
the fuel rail is allowed but back flow is prevented. In other words, gase-
ous fuel or the air-fuel mixture from the fuel mixing chamber 16 is pre-
vented from flowing into the air receiver 16. Only air from the air receiver
12 is allowed to flow into the fuel mixing chamber 16. According to an
embodiment of the invention shown in Figure 2, the conduit 32 is provid-
ed with two valves: the on-off valve element 33 and the check valve

PCT/FI12015/050406
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37.According to another embodiment of the invention, the on-off valve
element 33 and the check valve 37 is designed as a single valve element
having these two functions (gas quantity control and unidirectional flow
for safety). Thus one valve element acts as an on-off valve and a check

valve.

[0055] Thus, an adequate pressure is maintained in the fuel mixing
chamber 16. In addition, the mass ratio of the air and gaseous fuel i.e.
the air-fuel mixture is maintained at an adequate level in the fuel mixing
chamber 16 by controlling the pressure ratios between the receiver, the
fuel rail and the combustion chamber. Advantageously, the fuel mixing
chamber 16 is pressurized to lower pressure than the air receiver 12
whereas the first pressure is higher than the second pressure. The con-
trol unit 40 comprises instructions to maintain pressure in the fuel mixing
chamber 16 to be lower than that in the air receiver 12. According to an
embodiment of the invention, the control unit 40 comprises instructions to
maintain pressure in the fuel mixing chamber 16 using a feedback of at
least one of a charge pressure, a cylinder pressure or inlet valve timing

maps stored or made available to the control unit 40.

[0056] According to an embodiment of the invention, the pressure in the
cylinder 22 is determined by means of one or more pressure sensors 50.
The control unit 40 comprises instructions to measure the pressure pre-
vailing in the cylinder 22 with the pressure sensor or pressure sensors
50. The pressure sensor 50 communicates with the control unit 40 via a
signal line 45. The air-mixture from the fuel mixing chamber 16 is admit-
ted into the combustion chamber 26 of the cylinder 22 during the deter-
mined pressure in the cylinder 22 is lower than the pressure of the gase-

ous fuel.

[0057] The intake channel 14 is provided with an inlet valve 28. The inlet
valve 28 controls an introduction of air into the combustion chamber 26.
The inlet valve 28 is in its closing position, in Figure 2, that is the air flow
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from the air receiver 12 to the combustion chamber 26 is prevented. The
control unit 40 is arranged to control an operation of the inlet valve 28 as
depicted with a line 48. When the inlet valve 28 is open, the first portion
of the pressurized air is introduced from the air receiver 12 into the com-
bustion chamber 26.

[0058] According to an embodiment of the invention, the control unit 40
comprises the instructions to admit the fuel-air mixture from the fuel mix-
ing chamber 16 into the combustion chamber 26 of the cylinder 22 of the
engine 20 after the inlet valve 28 of the cylinder 22 has been closed. Ad-
vantageously, the air-fuel mixture from the fuel mixing chamber 16 is
admitted into the combustion chamber 26 when the piston 24 of the en-
gine is at a position range of 45 — 315 deg. CA. The operation of the inlet
valve refers to a so-called Miller cycle. The Miller cycle is disclosed e.g.
in US Patent No. 2,670,595 A which is incorporated herein as a refer-
ence for operating the inlet valve. In the Miller cycle, the inlet valve 28 is
closed before the piston 24 reaches the bottom dead center after the in-
take stroke. Typically the closing may be activated as early as at 45
deg.CA. After closing the inlet valve 28, the charge or air in the cylinder
expands resulting in decreasing the pressure and the temperature or the
charge. Advantageously, the air-fuel mixture is fed into the combustion
chamber 26 during the Miller timing, i.e. after the inlet valve has been
closed and the piston is advancing towards the bottom dead center so as
to take advantage of the pressure difference. In other words, after the
inlet valve 28 is closed, the air-fuel mixture is introduced into the com-
bustion chamber 26. In the combustion chamber the air-fuel mixture and
the first portion of pressurized air is mixed. Then gaseous fuel is ignited

and combusted in the combustion chamber 26 of the engine 20.

[0059] According to an embodiment of the invention, the conduit 18 is
provided with a fuel injection meansi19 for injecting the air-fuel mixture

into the combustion chamber 26. According to an embodiment of the in-
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vention, the fuel injection means 19 is called as a gas admission valve.
According to an embodiment of the invention, the fuel injection means 19
is called as an injector. The fuel injection means 19 is arranged to the
cylinder head of the engine 20. According to an embodiment of the in-
vention, the fuel injection means 19 is provided with a valve element 38
S0 as to control an injection of air-fuel mixture into the combustion cham-
ber 26. According to an embodiment of the invention the valve element
38 is a disk valve. The control unit 40 is arranged to control the valve el-
ement 38 for controlling an injection of fuel-air mixture into the combus-

tion chamber 26.

[0060] Furthermore, Figure 2 illustrates the piston 24 which is arranged
to move in a reciprocating manner in the cylinder 22 of the engine 20.
The combustion chamber 26 is delimited by the piston 24, the cylinder 22
and a cylinder head 60. The control unit 40 comprises instructions to de-

tect a crank angle degree as depicted with a signal line 44.

[0061] Figure 2 also illustrates an embodiment of the invention according
to which each cylinder is provided with a dedicated air — fuel mixing
chamber 16. This way the fuel composition may be controlled more pre-
cisely or individually for each cylinder. In other words, each cylinder 22 of
the engine 20 is provided with its own fuel mixing chamber 16. Thus a
number of fuel mixing chambers 16 equals to a number of cylinders 22.
Figure 2 also illustrates an embodiment of the invention according to
which each fuel mixing chamber 16 is provided with a dedicated means
31 for controlling the pressure of the gas in the fuel mixing chamber 16.
A number of fuel mixing chambers 16 equals to a number of means 31
for controlling the pressure of the gas in the fuel mixing chamber 16.
Generally, it should be understood that one fuel mixing chamber may be

arranged to serve one or more cylinders of the engine.

[0062] Figure 3 illustrates schematically a method according to an em-
bodiment of the invention. In the figure 3 there is shown the crank angle
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in the horizontal axis and pressure in the vertical axis. The crank angles
(deg. CA) referred to herein uses a reference point 0 degrees of CA at
piston top dead center during intake stroke applied to a four stoke en-
gine. Thus, a crank angle 180 deg.CA corresponds to the exact bottom
dead center of the piston and 360 deg.CA relates naturally to the top
dead center after compression stroke in a four stroke engine. The curve
58 depicts the pressure in a combustion chamber of a cylinder. During
the intake stroke the pressure in the combustion chamber is mainly ruled
by the charge air pressure in the receiver 52. In the method at a certain
crank angle 54 before the bottom dead center, 180 deg.CA the inlet
valve is closed. Since the piston is still moving towards the bottom dead
center the pressure in the combustion chamber is decreased. Between
certain crank angle range 56 the pressure in the combustion chamber is
lower than the charge air pressure, area 55, and according to an embod-
iment the introduction of the mixture of gaseous fuel and air is introduced

to the combustion chamber during the crank angle range 56.

[0063] While the invention has been described herein by way of exam-
ples in connection 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 applica-
tions included within the scope of the invention, as defined in the ap-
pended claims. The details mentioned in connection with any embodi-
ment above may be used in connection with another embodiment when

such combination is technically feasible.

PCT/FI12015/050406
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Claims

1. Method of operating an internal combustion piston engine (20) by
5 combusting gaseous fuel in the engine (20), wherein

- combustion air is pressurized to a first pressure, which air is intro-

ducible into a combustion chamber (26) of the engine (20),

- gaseous fuel is maintained at a second pressure in a fuel mixing
chamber (16) for introducing gaseous fuel directly into the com-
10 bustion chamber (26) of the engine (20),

characterized in that

a first portion of the pressurized air is introduced into the combus-
tion chamber (26) of the engine (20),

- asecond portion of the pressurized air is injected into the fuel mix-
15 ing chamber (16), and

- the second portion of the pressurized air injected into the fuel mix-
ing chamber (16) is mixed with the gaseous fuel forming an air-

fuel mixture,

- the air-fuel mixture is admitted to the combustion chamber (26) of
20 a cylinder (22) of the engine (20) while the piston (24) of the cylin-

der (22) is at a region of the bottom dead center, and

- the gaseous fuel is ignited and combusted in the combustion
chamber (26) of the engine (20).

25 2. Method of operating an internal combustion piston engine (20) by
combusting gaseous fuel according to claim 1, characterized in that the
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air-fuel mixture is admitted to the combustion chamber (26) of the cylin-
der (22) of the engine (20) after an inlet valve (28) of the cylinder (22)
has been closed and the piston (24) of the cylinder (22) is at a position of
45 - 315 deg. CA.

3. Method of operating an internal combustion piston engine (20) by
combusting gaseous fuel according to claim 1, characterized in that the
pressure in the cylinder (22) is determined and the air-fuel mixture is
admitted to the combustion chamber (26) of the cylinder (22) during the
determined pressure in the cylinder is lower than the second pressure of
the gaseous fuel.

4. Method of operating an internal combustion piston engine (20) by
combusting gaseous fuel according to claim 3, characterized in that the
pressure in the cylinder (22) is determined by estimation based on pre-

determined engine’s control instructions.

5. Method of operating an internal combustion piston engine (20) by
combusting gaseous fuel according to anyone of claims 1-4, character-
ized in controlling an injection of the second portion of the air into the
fuel mixing chamber (16) with a valve element (33).

6. Method of operating an internal combustion piston engine (20) by
combusting gaseous fuel according anyone of claims 1-5, characterized
in that a back flow from the fuel mixing chamber (16) to the air receiver is
prevented (33,37).

7. Method of operating an internal combustion piston engine (20) by
combusting gaseous fuel according to anyone of claims 1-6, character-
ized in controlling a mass ratio of the air and gaseous fuel in the fuel
mixing chamber (16) to be in arange of 1:1 to 10:1.

PCT/FI12015/050406
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8. Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) comprising

a. a charge air supply system (11), comprising
i. a supercharger unit (34),
ii. an air receiver (12),

iii. controlling means for controlling the operation of the
supercharger unit (34) and thus the pressure in the

air receiver (12), and

iv. intake channels (14) controllably connecting the air
receiver (12) with each combustion chamber (26) of
the engine (20),

b. a gaseous fuel supply system (15), comprising

i. at least one fuel mixing chamber (16) being con-
nected to at least one cylinder (22) of the engine
(20),

ii. means for controlling pressure in the fuel mixing
chamber (16), and

iii. fuel injection means suitable for introducing a con-
trolled amount of gas from the fuel mixing chamber
(16) directly into each combustion chamber (26) of

the engine (20),

characterized in that the charge air supply system (11) comprises a
conduit (32) for introducing a portion of the pressurized air from the air
receiver (12) into the fuel mixing chamber (16) so as to form an air-fuel

mixture in the fuel mixing chamber (16).
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9. Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) according to claim 8, characterized in that the
gaseous fuel supply system (15) comprises only one fuel mixing cham-
ber (16) being common to all cylinders (22) of the engine (20).

10.  Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) according to claim 8, characterized in that the
charge admission system (10) comprises a control unit (40), which con-
trol unit (40) comprises instructions to introduce using a feeding means a
portion of the pressurized air from the air receiver (12) via the intake
channel (14) into the combustion chamber (26) of the engine (20).

11.  Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) according to anyone of claims 8-10, charac-
terized in that the charge admission system (10) comprises the control
unit (40), which control unit (40) comprises instructions to admit the air-
fuel mixture from the fuel mixing chamber (16) into the combustion
chamber (26) of a cylinder (22) of the engine (20) while a piston (24) of
the cylinder (22) is at a position of 45 — 315 deg. CA.

12.  Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) according to claim 11, characterized in that
the control unit (40) comprises the instructions to admit the fuel-air mix-
ture into the combustion chamber (26) of the cylinder (22) of the engine
(20) after an inlet valve (28) of the cylinder (22) has been closed and
when the piston (24) of the cylinder (22) is at a position of 45 — 315 deg.
CA.

13.  Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) according to anyone of claims 8-12, charac-
terized in that the conduit (32) for introducing a portion of the pressur-
ized air from the air receiver (12) into the fuel mixing chamber (16) is

PCT/FI12015/050406
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provided with a valve element (33) for controlling the introduction of the
pressurized air into the fuel mixing chamber (16).

14.  Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) according to anyone of claims 8-13, charac-
terized in the conduit (32) for introducing a portion of the pressurized air
from the air receiver into the fuel mixing chamber is provided with a valve

(33,37) wherein back flow is prevented.

15.  Charge admission system (10) for a supercharged internal com-
bustion piston engine (20) according to anyone of claims 8-14, charac-
terized in that the control unit (40) comprises instructions to maintain
pressure in the fuel mixing chamber (16) depending at least one of a

charge pressure, a cylinder pressure or inlet valve timing maps.

PCT/FI12015/050406
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