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(57) Abstract: The invention relates to an internal combustion engine comprising a set of combustion chambers (2), each provided
with a first intake port (5), a first exhaust port (7) and a second exhaust port (9), the internal combustion engine (1) further comprising
an intake manifold (14) connected to the first intake port (5) of each combustion chamber, a main pressure booster (15) arranged
upstream said intake manifold (14), an exhaust discharge arrangement comprising a main exhaust manifold (17) connected to the first
exhaust port (7) of each combustion chamber, the exhaust discharge arrangement being connected to the second exhaust port (9) of
a first subset combustion chambers, and an exhaust recirculation manifold (19) connected to the second exhaust port (9) of a second
subset combustion chambers and connected to an upstream side of the main pressure booster (15). The internal combustion engine is
contigured to be driven in at least a high load mode (HL) and in a low load mode (LL), respectively, wherein, during the low load mode
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(LL), the internal combustion engine (1) is configured to evacuate at least 90% of the exhaust gas of the second subset combustion
chambers to the exhaust recirculation manifold (19) and configured to evacuate the exhaust gas of the first subset combustion chambers
to the exhaust discharge arrangement, and during the high load mode (HL), the internal combustion engine (1) is configured to evacuate
at least 90% of the exhaust gas of the second subset combustion chambers to the exhaust discharge arrangement and configured to
evacuate the exhaust gas of the first subset combustion chambers to the exhaust discharge arrangement. The invention further relates
to a method foroperating such an internal combustion engine. Publication picture: Figure 1.
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INTERNAL COMBUSTION ENGINE AND METHOD FOR CONTROLLING SUCH AN INTERNAL
COMBUSTION ENGINE

Technical field of the Invention

The present invention relates generally to the field of internal combustion engines suitable
for powering a vehicle, such as a car or a truck, a boat, etc., or a machine such as an electric
power generator or the like. Further, the present invention relates specifically to an internal
combustion engine suitable for a performance car, i.e. a car that is designed and constructed
specifically for speed.

The inventive internal combustion engine comprises a set of combustion chambers, each
combustion chamber being provided with, a first controllable intake valve configured for opening
and closing a first intake port, a first controllable exhaust valve configured for opening and closing
a first exhaust port, and a second controllable exhaust valve configured for opening and closing a
second exhaust port, wherein the internal combustion engine further comprises an intake
manifold connected to the first intake port of each combustion chamber of said set of combustion
chambers, a main pressure booster arranged upstream said intake manifold for providing gas to
the intake manifold, an exhaust discharge arrangement comprising a main exhaust manifold
connected to the first exhaust port of each combustion chamber of said set of combustion
chambers, the exhaust discharge arrangement being connected to the second exhaust port of
each combustion chamber of a first subset combustion chambers, and an exhaust recirculation
manifold connected to the second exhaust port of each combustion chamber of a second subset
combustion chambers and connected to an upstream side of the main pressure booster in
relation to said intake manifold.

The invention also relates to a method of operating such an internal combustion engine.

Background of the Invention

In internal combustion engines a mixture of air and fuel is provided into a combustion
chamber, i.e. cylinder. The air-fuel mixture is compressed and ignited, either by a spark plug or
spontaneously due to the compression. The heat and energy released by the burning of the air-
fuel mixture causes a further rise in pressure in the combustion chamber which is used to do work
against a movable wall of the combustion chamber, i.e. the piston, which work is converted into
movement by a crank shaft attached to the piston via a piston rod. The exhaust gas formed from
the burning of the air-fuel mixture is then evacuated from the combustion chamber and new air
and fuel | introduced.

With rising concerns of the environment and pollution caused by the exhaust gas from
internal combustion engines there is a need to lower harmful emissions from internal combustion
engines while at the same time maintaining or increasing the efficiency of conversion of the

chemical energy in the fuel to kinetic energy of the crankshaft.
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One known way to reduce emissions is to recirculate a part of the exhaust gas from the
internal combustion engine for mixing said recirculated exhaust gas with the fresh air introduced
into the internal combustion engine. However, the known proposed implementations of this
technique are limited and may not fulfil the performance requirements placed on an internal
combustion engine for use in a vehicle. Further, due to high dilution using a buffer gas, i.e. a large
amount of exhaust gas recirculation, the ignition of the air-fuel mixture (and exhaust gas

comprising hydrogen) may become unstable.

Object of the Invention

The present invention aims at obviating the aforementioned disadvantages and failings of
previously known internal combustion engines comprising a combustion chamber and wherein
part of the exhaust gas formed in the combustion chamber is recirculated and mixed with the
fresh air provided to the combustion chamber. A primary object of the present invention is to
provide an improved internal combustion engine of the initially defined type which is more
versatile.

It is another object of the present invention is to provide an improved internal combustion
engine generating less emission. It is yet another object of the invention is to provide an improved
internal combustion engine having a more stable ignition.

It is another object of the present invention to obtain thorough removal of the exhaust gas
form the combustion chambers, since this eliminates the risk that remaining exhaust gas in the
combustion chamber heats the new charge of air and fuel delivered into the combustion
chamber, and by reducing the heating of the new charge also reducing the risk of knocking.

It is another object of the present invention to use of a buffer gas (exhaust gas) in the gas
for combustion since this result in a cooler combustion, increased knock resistance and
consequently the possibility of increasing compression ratio, and a better thermal efficiency.

Recirculation also results in NOx reduction.

Summary of the Invention

According to the invention at least the primary object is attained by means of the initially
defined internal combustion engine and method having the features defined in the independent
claims. Preferred embodiments of the present invention are further defined in the dependent
claims.

According to a first aspect of the present invention, there is provided an internal
combustion engine of the initially defined type, which is configured to be driven in at least a high
load mode (HL) and in a low load mode (LL), respectively, wherein

i) during the low load mode (LL), the internal combustion engine is configured to evacuate

at least 90% of the exhaust gas of the second subset combustion chambers to the exhaust
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recirculation manifold and configured to evacuate the exhaust gas of the first subset combustion
chambers to the exhaust discharge arrangement, and

ii) during the high load mode (HL), the internal combustion engine is configured to evacuate
at least 90% of the exhaust gas of the second subset combustion chambers to the exhaust
discharge arrangement and configured to evacuate the exhaust gas of the first subset combustion
chambers to the exhaust discharge arrangement,

wherein the maximum output torque [Nm] of the internal combustion engine is dependent
on engine speed [rpm], and according to a preferred embodiment of the present invention,
during the high load mode (HL), the internal combustion engine is configured to evacuate at least
1% of the exhaust gas of the second subset combustion chambers to the exhaust recirculation
manifold when the output torque is greater than 70% of said maximum output torque.

According to a second aspect of the present invention, there is provided a method for
controlling such an internal combustion engine.

Thus the present invention is based on the insight that by having first and second
controllable exhausts valves serving each combustion chamber and having the second exhaust
port of a second subset combustion chambers connected to the inlet manifold in a simple and
efficient way, a large variety in the amount of recirculated exhaust gas, i.e. provided to the air for
combustion, is allowed. Thereto, the present invention is based on the insight that different
operational modes of the internal combustion engine require different amount of recirculated
exhaust gas, and at high performance levels of the internal combustion engine it is essential to
secure that the combustion chamber comprises no residual exhaust gases.

The maximum output torque [Nm] of the internal combustion engine is dependent on
engine speed [rpm], and according to a preferred embodiment of the present invention the
internal combustion engine is configured to shift from low load mode (LL) to high load mode (HL)
at a predetermined first torque level (T1) and configured to shift from high load mode (HL) to low
load mode (LL) at a predetermined second torque level (T2). Preferably, t the first torque level
(T1) is greater than the second torque level (T2), in order to obtain distinct changeover between
the high load mode (HL) and low load mode (LL).

According to a preferred embodiment of the present invention, the exhaust discharge
arrangement comprises a supplementary exhaust manifold connected to the second exhaust port
of each combustion chamber of the first subset combustion chambers. Thereby, the exhaust
gases of the first subset combustion chambers may bypass the main pressure booster when the
counter pressure of the main pressure booster is elevated.

According to a preferred embodiment of the present invention, the internal combustion
engine comprises a supplementary pressure booster connected to an upstream side of the main
pressure booster in relation to said intake manifold, wherein the supplementary exhaust manifold
is connected to an upstream side of the supplementary pressure booster in relation to the main

pressure booster. Thereby, the exhaust gases of the first subset combustion chambers may be
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directed to the supplementary pressure booster when the counter pressure of the main pressure
booster is elevated.

According to a preferred embodiment of the present invention, a supercharger is arranged
between the main turbocharger and the intake manifold. Thereby, a higher volumetric efficiency
may be obtained.

According to preferred embodiments of the present invention, the main pressure booster
and the supplementary pressure booster, respectively, are constituted by a turbocharger.

Further advantages with and features of the invention will be apparent from the other

dependent claims as well as from the following detailed description of preferred embodiments.

Brief description of the drawings

A more complete understanding of the abovementioned and other features and advantages
of the present invention will be apparent from the following detailed description of preferred

embodiments in conjunction with the appended drawings, wherein:

Fig. 1 is a schematic view from above of a first embodiment of an internal combustion
engine according to the present invention, and
Fig. 2 is a schematic view from above of a second embodiment of an internal combustion

engine according to the present invention.

Detailed description of preferred embodiments of the invention

The present invention relates generally to the field of internal combustion engines suitable
for powering a vehicle. The inventive internal combustion engine, generally designated 1,
comprises a set of combustion chambers 2. The set/plurality of combustion chambers 2 comprises
at least two separate combustion chambers, also known as cylinders. However, the internal
combustion engine 1 may comprise more combustion chambers, such as 3, 4, 6, 8, 10, 12 or 16.
Each combustion chamber is preferably cylindrical.

The internal combustion engine 1 may be constituted by a two-stroke engine having two
strokes, i.e. “compression” and “return” strokes, but is preferably constituted by a four-stroke
engine having four strokes, i.e. “intake” during which air/gas and fuel are delivered into the
combustion chamber 2, “compression” during which the air-fuel mixture in the combustion
chamber 2 is compressed, “expansion/combustion” during which the air-fuel mixture is ignited
and combusted, and “exhaust” during which the exhaust gas formed by the combustion of the air-
fuel mixture is evacuated, also known as scavenged, from the combustion chamber. Preferably
the internal combustion engine 1 is constituted by a spark-ignition engine, i.e. in which the air-
fuel mixture is ignited by a spark from a sparkplug, but may also be constituted by a compression-
ignition engine. The internal combustion engine 1 is preferably configured to be driven by

petrol/gasoline, but may alternatively be configured to be driven by diesel.
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Reference is now made to figure 1 disclosing a schematic view from above of a first
embodiment of the inventive internal combustion engine 1, configured for exhaust gas
recirculation.

The internal combustion engine 1 comprises an engine block 3 provided with four
combustion chambers or cylinders 2. Each combustion chamber 2 is defined radially by a
stationary cylinder wall, and is defined axially by a stationary cylinder head and a displaceable
piston, respectively. The cylinder head may be releasably connected to the engine block 3 or may
be integral with the engine block 3. The piston is configured to travel back and forth in the axial
direction within the combustion chamber 2 and is connected to a revolving crankshaft via a piston
rod, wherein the linear motion of the piston is converted into rotational motion of the crankshaft.
Thus, the volume of the combustion chamber 2 changes cyclically as the piston moves up and
down in the cylinder.

Each combustion chamber 2 is provided with a first controllable intake valve 4 configured
for opening and closing a first intake port 5, a first controllable exhaust valve 6 configured for
opening and closing a first exhaust port 7, and a second controllable exhaust valve 8 configured
for opening and closing a second exhaust port 9. According to the disclosed embodiment, each
combustion chamber 2 is further provided with a second controllable intake valve 10 configured
for opening and closing a second intake port 11. Thereto, the combustion chamber 2 is provided
with a spark plug 12. It shall be realized that the intake ports, exhaust ports and the spark plug are
arranged in the cylinder head.

The first intake valve 4, the second intake valve 10, the first exhaust valve 6 and the second
exhaust valve 8 are preferably of poppet valve type each having a valve stem and a valve disk
attached to the lower end of the valve stem. In the closed position the valve disk abuts the
material surrounding the corresponding port to prevent passage of gas through the port, whereas
in the open position the valve disc is displaced vertically down into the combustion chamber 2 in
order to uncover the port and allow gas to pass through the port and around the edge of the
valve disk.

Each of the first intake valve 4, the second intake valve 10, the first exhaust valve 6 and the
second exhaust valve 8, is preferably operated by means of a corresponding valve actuator 13.
Thus, in the context of the present invention a valve actuator 13 allows the corresponding valve
to be freely operated without the operation of the valve being slaved to the operation of the
internal combustion engine 1, in particular the angular position of the crankshaft of the internal
combustion engine, via a camshaft. A freely controllable valve actuator 13 is for example
described in the patent literature documents US2015184558, SE1350849 and SE537203. Thus, the
inventive internal combustion engine 1 comprises no camshaft, and is thus camshaft-free.

The internal combustion engine 1 comprises an intake manifold 14 and a main pressure
booster 15 arranged upstream said intake manifold 14 for providing gas to the intake manifold 14

from an air inlet 16. The gas provided to the intake manifold 14 has elevated pressure. The
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internal combustion engine 1 comprises an exhaust discharge arrangement for evacuating
exhaust gas from the internal combustion engine 1 to an exhaust outlet 18, the exhaust discharge
arrangement comprises at least a main exhaust manifold 17. The internal combustion engine 1
comprises further an exhaust recirculation manifold 19. Usually at least one muffler and/or at
least one catalytic converter are arranged adjacent the exhaust outlet 18, for decreasing the noise
of operating of the internal combustion engine and/or for treating the exhaust gas, before the
exhaust gas is eventually led off to the atmosphere.

Air/gas for combustion is supplied to the combustion chamber 2 from the intake manifold
14, and the intake manifold 14 is connected to the first intake port 5 of each combustion chamber
2 of said set of combustion chambers. Each combustion chamber 2 is provided with a first intake
pipe/runner 20 connecting said intake manifold 14 and said first intake port 5. According to the
disclosed embodiment the intake manifold 14 is also connected to the second intake port 11 of
each combustion chamber 2, via a second intake pipe/runner 21.

The main exhaust manifold 17 of the exhaust discharge arrangement is connected to the
first exhaust port 7 of each combustion chamber 2 of said set of combustion chambers, and
thereto the second exhaust port 9 of each combustion chamber 2 of a first subset combustion
chambers is also connected to the exhaust discharge arrangement. In the disclosed embodiment,
said first subset combustion chambers is constituted by the two left combustion chambers 2.
According to the disclosed embodiment the exhaust discharge arrangement comprises a
supplementary exhaust manifold 23 connected to the second exhaust port 9 of each combustion
chamber 2 of the first subset combustion chambers. The supplementary exhaust manifold 23
represents a bypass exhaust component in the disclosed embodiment.

Each combustion chamber 2 is provided with a first exhaust pipe/runner 22 connecting said
main exhaust manifold 17 and said first exhaust port 7. Thereto, each combustion chamber 2 is
provided with a second exhaust pipe/runner 24, extending from the second exhaust port 9.

The exhaust recirculation manifold 19 is connected to the second exhaust port 9 of each
combustion chamber 2 of a second subset combustion chambers. In the disclosed embodiment,
said second subset combustion chambers is constituted by the two right combustion chambers 2.
The exhaust recirculation manifold 19 is connected to an upstream side of the main pressure
booster 15 in relation to the intake manifold 14, in order to be able to recirculate the exhaust gas
generated in the combustion chambers 2 of the second subset combustion chambers to the
upstream side of the intake manifold 14 where the exhaust gas is mixed with fresh air. The
exhaust recirculation manifold 19 is connected to the upstream side of the main pressure booster
15 via an exhaust recirculation pipe 19’.

Preferably the number of combustion chambers 2 of the first subset combustion chambers
is equal to or more than the number of combustion chambers 2 of the second subset combustion

chamber. It shall be pointed out that the sum if the first subset combustion chambers and the
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second subset combustion chambers is equal to the number of combustion chambers of said set
of combustion chambers.

The main pressure booster 15 is preferably constituted by a turbocharger, i.e. a pressure
booster driven by exhaust gas. The main turbocharger 15 comprises a compressor 25 which is
powered by a turbine 26 driven by the exhaust gas from the main exhaust manifold 17. The
compressor 25 is connected to the intake manifold 14 via an intake pipe 14’, and the main
exhaust manifold 17 is connected to the turbine 26 via a main exhaust pipe 17’. According to the
disclosed embodiment, the supplementary exhaust manifold 23 is connected to the exhaust
outlet 18 bypassing the turbine 26 of the main turbocharger 15.

An intercooler and/or a supercharger 27 may be arranged between the main pressure
booster 15 and the intake manifold 14. A supercharger, in contrast to a turbocharger, is
mechanically or electrically driven. Thereto, an intercooler may be arranged at the exhaust
recirculation pipe 19’. Said intercoolers will decrease the temperature of the gas provided to the
intake manifold 14 resulting in a better filling of the combustion chambers 2.

The internal combustion engine 1 further comprises an electronic control unit (ECU) 28,
wherein the ECU 28 is configured to at least control the opening and closing of the first intake
valve 4, the second intake valve 10, the first exhaust valve 6 and the second exhaust valve 8, using
the corresponding actuators 13. In the disclosed embodiment, a fuel injector 29 is provided in the
second intake runner/pipe 21 for injecting fuel into the air flowing past the fuel injector 29 into
the combustion chamber 2 through the second intake port 11. In an alternative embodiment the
inventive internal combustion engine is provided with direct injection of the fuel into the
combustion chambers 2.

The internal combustion engine 1 may also comprise a main exhaust manifold sensor 30, a
supplementary exhaust manifold sensor 31 and an exhaust recirculation manifold sensor 32, for
determining at least one status of the exhaust gas in the corresponding manifolds, for instance
pressure or temperature. The internal combustion engine 1 comprises an RPM sensor 33 for
determining the speed of the internal combustion engine 1.

As is known to a person skilled in the art a four stroke internal combustion engine
conventionally proceeds through four strokes, namely (1) Intake — this stroke beginning with the
piston atit’s highest position, i.e. closest to the cylinder head, and comprising moving the piston
down while air is introduced into the combustion chamber 2 through the intake ports 5 and 11
and fuel is also introduced into the combustion chamber 2 using the fuel injector 29, (2)
Compression — this stroke comprising closing the intake valves 4 and 10 before moving the piston
up towards the cylinder head while compressing the air-fuel mixture, (3) Power — igniting the air-
fuel mixture wherein the resulting pressure caused by the combustion of the fuel will displace the
piston downwards and away from the cylinder head, and (4) Exhaust — opening the exhaust valves

6 and 8 for allowing the exhaust gas formed by the combustion of the air-fuel mixture to
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evacuate from the combustion chamber 2 while the piston once more returns to its highest
position.

The inventive internal combustion engine 1 is configured to be driven in at least a high load
mode (HL) and in a low load mode (LL), respectively. The maximum output torque [Nm] of the
internal combustion engine 1 is dependent on engine speed [rpm],and the output torque of the
internal combustion engine is in this context equivalent with driver/operator requested output
torque via an accelerator pedal.During high load mode (HL) the driver/operator requests elevated
output torque via the accelerator pedal, and during low load mode (LL) the driver/operator
request moderate output torque.

The ECU 28 is configured to adjust the filling rate of the combustion chambers 2 and fuel in
view of the engine speed and the requested output torque, i.e. the amount of air/gas going into a
combustion chamber 2 in relation to the volume of the combustion chamber.

According to the invention, during the low load mode (LL), the internal combustion engine 1
is configured to evacuate at least 90% of the exhaust gas of the second subset combustion
chambers to the exhaust recirculation manifold 19 and is configured to evacuate the exhaust gas
of the first subset combustion chambers to the exhaust discharge arrangement. Preferably, the
internal combustion engine 1 is configured to evacuate at least 95%, most preferably 100%, of the
exhaust gas of the second subset combustion chambers to the exhaust recirculation manifold 19.
Preferably, the most of the exhaust gas of the first subset combustion chambers is evacuated to
the main exhaust manifold 17.

According to the invention, during the high load mode (HL), the internal combustion engine
1is configured to evacuate at least 90% of the exhaust gas of the second subset combustion
chambers to the exhaust discharge arrangement and configured to evacuate the exhaust gas of
the first subset combustion chambers to the exhaust discharge arrangement. Preferably, the
internal combustion engine 1 is configured to evacuate at least 95% of the exhaust gas of the
second subset combustion chambers to the exhaust discharge arrangement.

According to the disclosed embodiment the at least 90% of the exhaust gas of the second
subset combustion chambers is evacuated to the main exhaust manifold 17, and preferably the
most of the exhaust gas of the first subset combustion chambers is evacuated to the main exhaust
manifold 17.

In the inventive internal combustion engine 1, the ECU 28 is configured to selectively, and
for each combustion chamber 2, open the first exhaust valve 6, the second exhaust valve 8, or
both exhaust valves, for providing a large number of different combinations resulting in a large
variety in the amount of exhaust gas that is recirculated to the intake manifold 14. Thus, in
contrast to the prior art internal combustion engines locked to a fixed ratio of fresh air and
exhaust gas, the inventive internal combustion engine 1 may go from 0% exhaust gas recirculation
to at least 75% exhaust gas recirculation as determined by the selective opening and closing of

the exhaust valves. The exhaust gas is rich in hydrogen gas, H2(g), and the provision of the
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exhaust gas to the air supplied to the combustion chambers 2 result in a cooler combustion and a
higher thermal efficiency.

Thus depending on the engine speed, as determined by the RPM sensor 33, and the at least
one status of the exhaust gas in the exhaust manifolds, said status for example being any one or
more of the temperature, the oxygen content, and the pressure, of the exhaust gas, the ECU 28 is
configured to obtain a suitable amount of exhaust gas recirculation, by varying the filling rate of
the different combustion chambers so that the air going into the intake manifold 14 may contain
for example 5%, 10%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, etc., exhaust gas as required at each
engine speed and load etc.

The ECU 28 may further be configured for varying the amount of fuel injected into each
combustion chamber to provide a suitable relationship, or lambda value, between air and fuel to
provide an exhaust gas suitable for recirculation.

During low load mode (LL) the ECU 28 can control the freely controllable actuators 13 for
opening the first intake valve 4 and the second intake valve 10, of the second subset combustion
chambers, for a short period during the intake stroke of the internal combustion engine 1 to
thereby decrease the amount of the air-fuel mixture, thereby reducing the filling rate of the
second subset combustion chambers operated to provide exhaust gas for recirculation. This
results in that the second subset combustion chambers now produce less exhaust gas which
subsequently results in less exhaust gas being recirculated to the intake manifold 14 and a higher
ratio of fresh air in the intake manifold 14.

Alternatively, during low load mode (LL) the ECU 28 can control the freely controllable
actuators 13 for opening the first intake valve 4 and the second intake valve 10, of the second
subset combustion chambers, for a longer period during the intake stroke of the internal
combustion engine 1 to thereby increase the amount of the air-fuel mixture, thereby increasing
the filling rate of the second subset combustion chambers operated to provide exhaust gas for
recirculation. This results in that the second subset combustion chambers now produce more
exhaust gas which subsequently results in more exhaust gas being recirculated to the intake
manifold 14 and a lower ratio of fresh air in the intake manifold 14.

The highest filling rate possible depends on the pressure of the air-fuel mixture going into
the combustion chamber, thus at atmospheric pressure of the air-fuel mixture the maximum
filling rate is limited to 100% of the volume of the combustion chamber. An internal combustion
engine 1 comprising a pressure booster delivering air to the intake manifold at superatmospheric
pressure, the filling rate may be above 100%.

The internal combustion engine 1 shown in fig. 1 provides a good balance between
performance and thermal efficiency. As only a second subset combustion chambers are fluidly
connected to the exhaust recirculation manifold 19 the variability of the amount of exhaust gas
that is recirculated is not 100%, but the provision of the main pressure booster 15 still increases

the power output.
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The internal combustion engine 1, during the high load mode (HL), is preferably configured
to evacuate at least 1%, more preferably at least 2%, of the exhaust gas of the second subset
combustion chambers to the exhaust recirculation manifold 19 when the output torque is greater
than 70%, more preferably 75%, of said maximum output torque. The second exhaust valves 8 of
the second subset combustion chambers are opened at the end of the evacuation stroke in order
to evacuate any remaining exhaust gas, and in addition to keeping the second exhaust valves 8 of
the second subset combustion chambers open during the end of the evacuation stroke, the ECU
28 may further be configured to flush exhaust gas from the second subset combustion chamber
by opening the first intake valve 4 simultaneously as the second exhaust valve 8, and for a short
time flush out any remaining exhaust gas through the second exhaust port 9.

The use of one first intake port 5 and one second intake port 11, and with the fuel injector
29 being provided as a port injector only in the second intake runner 21, is also advantageous as it
allows exhaust gas in the combustion chamber 2 to be flushed out through the second exhaust
port 9 using only air from the first intake port 5. Thus, by opening only the first intake valve 4
during the flushing out of exhaust gas there is no loss of fuel from fuel injector 29.

The internal combustion engine 1 is configured to shift from low load mode (LL) to high load
mode (HL) at a predetermined first torque level (T1) and configured to shift from high load mode
(HL) to low load mode (LL) at a predetermined second torque level (T2). Preferably, the first
torque level (T1) is greater than the second torque level (T2), and preferably the first torque level
(T1) is 50% of said maximum output torque, and preferably the second torque level (T2) is 45% of
the said maximum output torque. The internal combustion engine 1 is configured to shift from
the low load mode (LL) to the high load mode (HL) when the filling rate of all combustion
chambers is maximal and the internal combustion engine 1 is providing maximum performance in
the low load mode (LL).

It shall be pointed out that the internal combustion engine 1 may be temporarily placed in
Economy Mode, wherein the internal combustion engine 1 is prevented to shift to the high load
mode (HL) or the first torque level (T1) is increased. The increased first torque level (T1) in the
Economy Mode is for instance 80% of the maximum output torque. The second torque level (T2)
may also be increased in the Economy Mode, for instance to 70% of the maximum output torque.

It shall also be pointed out that the internal combustion engine 1 may be temporarily
placed in Sport Mode, wherein the internal combustion engine 1 is prevented to shift to the low
load mode (LL) or the first torque level (T1) and the second torque level (T2) are decreased. The
decreased first torque level (T1) in the Sport Mode is for instance 20% of the maximum output
torque, and the decreased second torque level (T2) in the Sport Mode is for instance 15% of the
maximum output torque.

A rich air-fuel mixture prevents knocking. In the internal combustion engine 1 the second
subset combustion chambers connected to the exhaust recirculation manifold 19 are preferably

run with a rich air-fuel mixture, i.e. with more fuel than needed for the air that is introduced.



10

15

20

25

30

35

WO 2018/169480 11 PCT/SE2018/050257

During the low load mode (LL) the internal combustion engine 1 is controlled such that an average
lambda value of the second subset combustion chambers is equal to or more than 0,6 and equal
to or less than 0,9. Preferably equal to or more than 0,7 and equal to and less than 0,8. During the
high load mode (HL) the internal combustion engine 1 is controlled such that an average lambda
value of the second subset combustion chambers is equal to or more than 0,8 and equal to or less
than 1. Preferably equal to or more than 0,85 and equal to and less than 0,95.

In the internal combustion engine 1 the first subset combustion chambers connected to the
exhaust discharge arrangement are run with a optimal air-fuel mixture, i.e. during the low load
mode (LL) the internal combustion engine 1 is controlled such that an average lambda value of
the first subset combustion chambers is equal to or more than 0,95 and equal to or less than 1,05.
Preferably equal to or more than 0,97 and equal to and less than 1,03. During the high load mode
(HL) the internal combustion engine 1 is controlled such that an average lambda value of the first
subset combustion chambers is equal to or more than 0,8 and equal to or less than 1, preferably
equal to or more than 0,85 and equal to and less than 0,95.

It shall be pointed out that the lambda values may be measured and/or calculated.

In the disclosed embodiment according to figure 1, the second exhaust ports 9 of the first
subset combustion chambers are connected to the supplementary exhaust manifold 23 of the
exhaust discharge arrangement, and the supplementary exhaust manifold 23 is bypassing the
main turbocharger 15. The ECU 28 may therefore be configured to reduce the risk of knocking by
being configured to open the second exhaust valves 8 of the first subset combustion chambers if
the pressure in the main exhaust manifold 17 and the main turbocharger 15 is higher than the
pressure of the intake manifold 14, i.e. supplied by the main turbocharger 15. This ensures that
the air entering the combustion chambers 2 from the intake manifold 14 has a higher pressure
than the exhaust gas leaving the combustion chamber 2, since opening of the second exhaust
valve 8 of the first subset combustion chambers allows exhaust gas to leave the combustion
chamber 2 to the atmosphere via the supplementary exhaust manifold 23. Thus, in a situation
where the pressure of the air from the main turbocharger 15 has a pressure of for example 1
barg, i.e. 1 bar above atmospheric pressure, and the pressure of exhaust gas in the first exhaust
ports 7 is for example 1.5 barg, the ECU 28 will open the second exhaust valve 8 of the first subset
combustion chambers during the initial part of the intake stroke to allow the air to flush out or
displace the exhaust gas from the combustion chamber 2 through the second exhaust port 8
which is fluidly connected to the atmosphere having a pressure of 0 barg via the supplementary
exhaust manifold 23. By ensuring that all exhaust gas is removed from the combustion chamber
the temperature in the combustion chamber is lowered and the exhaust gas cannot heat the new
charge of air and fuel delivered into the combustion chamber 2 during the intake stroke.

Reference is now made to figure 2 disclosing a second embodiment of an internal
combustion engine 1 according to the present invention. Features and relationships alike the first

embodiment is not described.
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The internal combustion engine according to figure 2 differs from the internal combustion
engine according to figure 1 especially in that the supplementary exhaust manifold 23 is
connected to a supplementary pressure booster 34 via a supplementary exhaust pipe 23’. The
supplementary pressure booster 34 is connected to an upstream side of the main pressure
booster 15 in relation to the intake manifold 14, and the supplementary exhaust manifold 23 is
connected to an upstream side of the supplementary pressure booster 34 in relation to the main
pressure booster 15.

The supplementary pressure booster 34 is preferably constituted by a turbocharger, i.e. a
pressure booster driven by exhaust gas. The supplementary turbocharger 34 comprises a
compressor 35 which is powered by a turbine 36 driven by the exhaust gas from the
supplementary exhaust manifold 23. The compressor 35 of the supplementary turbocharger 34 is
connected to the compressor 25 of the main turbocharger 15 via an intermediate compressor
pipe 37, and the exhaust recirculation manifold 19 is connected to the upstream side of the
turbine 36 of the supplementary turbocharger 34 via the exhaust recirculation pipe 19, to be
mixed with the fresh air. The supplementary turbocharger 34 takes in air via the air inlet 16, and
compresses the air to a low pressure, for example 1 barg as compared to 0 barg atmospheric
pressure of the air at the air inlet 16. The air compressed in the supplementary turbocharger 34 is
not supplied directly to the intake manifold 14, but is rather a modified air intake of the main
turbocharger 15. The main turbocharger 15 then further compresses the air to a pressure of
about 2-3 barg, which is then supplied to the intake manifold 14, preferably via an intercooler
located at the intake pipe 14".

The internal combustion engine disclosed in figure 2 has a number of advantages. At low
engine speed, where the amount of exhaust gas produced per time unit is low, the exhaust gas of
the first subset combustion chambers is directed to the main turbocharger 15 of the exhaust
discharge arrangement. When the ECU 28 determines that the pressure of the air delivered into
the first subset combustion chamber is lower than the pressure of the exhaust gas in the main
exhaust manifold 17, the ECU 28 opens the second exhaust valve 8 of the first subset combustion
chambers for leading off at least part of the exhaust gas to the supplementary turbocharger 34.
As the supplementary turbocharger 34 is not continuously supplied with exhaust gas, or only
supplied with a low amount of exhaust gas, the resistance to passage of exhaust gas through the
exhaust turbine 35 to the atmosphere is low.

At high load mode (HL), as the main turbocharger 15 has entered an area of optimum
efficiency, the ECU 28 deliver more and more exhaust gas to the supplementary turbocharger 34
through the second exhaust port 9 of the first subset combustion chambers. The increased
amounts of exhaust gas delivered to the supplementary turbocharger 34 on one hand increases
the resistance to flow of the exhaust gas through the supplementary turbocharger 34, however
the supplementary turbocharger 34 now, with increasing speed of the exhaust turbine 35,

provides air to the main turbocharger 15 with an increasing pressure. This allows the main
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turbocharger 15 to further increase the pressure of the air supplied to the intake manifold 14
which once more ensures that the pressure of the air delivered into the combustion chambers 2 is
sufficiently high to flush out the exhaust gases.

The ECU 28 or similar computer readable medium having stored thereon a computer
program product comprising instructions to cause the inventive internal combustion engine 1 to

execute the steps of the inventive method.

Feasible modifications of the Invention

The invention is not limited only to the embodiments described above and shown in the
drawings, which primarily have an illustrative and exemplifying purpose. This patent application is
intended to cover all adjustments and variants of the preferred embodiments described herein,
thus the present invention is defined by the wording of the appended claims and thus, the
equipment may be modified in all kinds of ways within the scope of the appended claims.

It shall be pointed out that controlling the opening is also to be understood as controlling
the closing. Controlling the opening is further to be understood as controlling any of the valve lift,
the duration of opening, and when in the operation/cycle of the internal combustion engine the
valve is opened.

The ECU may be configured for flushing out exhaust gas from the combustion chambers
during both part of an intake stroke and part of an exhaust stroke.

It shall also be pointed out that all information about/concerning terms such as above,
under, upper, lower, etc., shall be interpreted/read having the equipment oriented according to
the figures, having the drawings oriented such that the references can be properly read. Thus,
such terms only indicates mutual relations in the shown embodiments, which relations may be
changed if the inventive equipment is provided with another structure/design.

It shall also be pointed out that even though it is not explicitly stated that features from a
specific embodiment may be combined with features from another embodiment, the

combination shall be considered obvious, if the combination is possible.
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Claims

1. An internal combustion engine (1) comprising a set of combustion chambers (2), each
combustion chamber (2) being provided with:

- a first controllable intake valve (4) configured for opening and closing a first intake port (5),

- a first controllable exhaust valve (6) configured for opening and closing a first exhaust port (7),
and

- a second controllable exhaust valve (8) configured for opening and closing a second exhaust
port (9),

the internal combustion engine (1) further comprising:

- an intake manifold (14) connected to the first intake port (5) of each combustion chamber of
said set of combustion chambers (2),

- a main pressure booster (15) arranged upstream said intake manifold (14) for providing gas to
the intake manifold (14),

- an exhaust discharge arrangement comprising a main exhaust manifold (17) connected to the
first exhaust port (7) of each combustion chamber of said set of combustion chambers (2), the
exhaust discharge arrangement being connected to the second exhaust port (9) of each
combustion chamber of a first subset combustion chambers, and

- an exhaust recirculation manifold (19) connected to the second exhaust port (9) of each
combustion chamber of a second subset combustion chambers and connected to an upstream
side of the main pressure booster (15) in relation to said intake manifold (14),

characterized in that the internal combustion engine (1) is configured to be driven in at least a

high load mode (HL) and in a low load mode (LL), respectively, wherein

i) during the low load mode (LL), the internal combustion engine (1) is configured to evacuate at
least 90% of the exhaust gas of the second subset combustion chambers to the exhaust
recirculation manifold (19) and configured to evacuate the exhaust gas of the first subset
combustion chambers to the exhaust discharge arrangement, and

ii) during the high load mode (HL), the internal combustion engine (1) is configured to evacuate
at least 90% of the exhaust gas of the second subset combustion chambers to the exhaust
discharge arrangement and configured to evacuate the exhaust gas of the first subset
combustion chambers to the exhaust discharge arrangement,

wherein the maximum output torque [Nm] of the internal combustion engine (1) is dependent on

engine speed [rpm], and during the high load mode (HL), the internal combustion engine (1) is

configured to evacuate at least 1% of the exhaust gas of the second subset combustion chambers

to the exhaust recirculation manifold (19) when the output torque is greater than 70% of said

maximum output torque.

2. The internal combustion engine according to claim 1, wherein the maximum output torque

[Nm] of the internal combustion engine (1) is dependent on engine speed [rpm], wherein the
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internal combustion engine (1) is configured to shift from low load mode (LL) to high load mode
(HL) at a predetermined first torque level (T1) and configured to shift from high load mode (HL) to

low load mode (LL) at a predetermined second torque level (T2).

3. The internal combustion engine according to any preceding claim, wherein the number of
combustion chambers of the first subset combustion chambers is equal to or more than the

number of combustion chambers of the second subset combustion chamber.

4. The internal combustion engine according to any preceding claim, wherein the exhaust
discharge arrangement comprises a supplementary exhaust manifold (23) connected to the

second exhaust port (9) of each combustion chamber of the first subset combustion chambers.

5. The internal combustion engine according to claim 4, wherein the internal combustion engine
comprises a supplementary pressure booster (34) connected to an upstream side of the main
pressure booster (15) in relation to said intake manifold (14), and wherein the supplementary
exhaust manifold (23) is connected to an upstream side of the supplementary pressure booster

(34) in relation to the main pressure booster (15).

6. The internal combustion engine according to claim 5, wherein the supplementary pressure

booster (34) is constituted by a turbocharger.

7. The internal combustion engine according to any preceding claim, wherein a supercharger (27)

is arranged between the main pressure booster (15) and the intake manifold (14).

8. The internal combustion engine according to any preceding claim, wherein the main pressure

booster (15) is constituted by a turbocharger.

9. A method for controlling an internal combustion engine (1) comprising a set of combustion
chambers (2), each combustion chamber (2) being provided with:
- a first controllable intake valve (4) configured for opening and closing a first intake port (5),
- a first controllable exhaust valve (6) configured for opening and closing a first exhaust port (7),
and
- a second controllable exhaust valve (8) configured for opening and closing a second exhaust
port (9),
the internal combustion engine (1) further comprising:
- an intake manifold (14) connected to the first intake port (5) of each combustion chamber of

said set of combustion chambers (2),
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- a main pressure booster (15) arranged upstream said intake manifold (14) for providing gas to
the intake manifold (14),

- an exhaust discharge arrangement comprising a main exhaust manifold (17) connected to the
first exhaust port (7) of each combustion chamber of said set of combustion chambers (2), the
exhaust discharge arrangement being connected to the second exhaust port (9) of each
combustion chamber of a first subset combustion chambers, and

- an exhaust recirculation manifold (19) connected to the second exhaust port (9) of each
combustion chamber of a second subset combustion chambers and connected to an upstream
side of the main pressure booster (15) in relation to said intake manifold (14),

the method being characterized by the step of:

operating the internal combustion engine (1) alternately in at least a high load mode (HL) and in a

low load mode (LL), respectively, wherein

i) during the low load mode (LL), the internal combustion engine (1) evacuates at least 90% of
the exhaust gas of the second subset combustion chambers to the exhaust recirculation
manifold (19) and evacuates the exhaust gas of the first subset combustion chambers to the
exhaust discharge arrangement, and

ii) during the high load mode (HL), the internal combustion engine () evacuates at least 90% of
the exhaust gas of the second subset combustion chambers to the exhaust discharge
arrangement and evacuates the exhaust gas of the first subset combustion chambers to the
exhaust discharge arrangement,

wherein the maximum output torque [Nm] of the internal combustion engine (1) is dependent on

engine speed [rpm], and during the high load mode (HL), the internal combustion engine (1)

evacuates at least 1% of the exhaust gas of the second subset combustion chambers to the

exhaust recirculation manifold (19) when the output torque is greater than 70% of the maximum

output torque.

10. The method according to claim 9, wherein the maximum output torque [Nm] of the internal
combustion engine (1) is dependent on engine speed [rpm], wherein the internal combustion
engine (1) shift from low load mode (LL) to high load mode (HL) at a predetermined first torque
level (T1) and shift from high load mode (HL) to low load mode (LL) at a predetermined second

torque level (T2).

11. The method according to claim 10, wherein the first torque level (T1) is greater than the

second torque level (T2).

12. The method according to claim 10 or 11, wherein the first torque level (T1) is 50% of said

maximum output torque.
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13. The method according to any of claims 10-12, wherein the second torque level (T2) is 45% of

the said maximum output torque.

14. The method according to any of claims 9-13, wherein the internal combustion engine (1)
during the low load mode (LL) is controlled such that an average lambda value of the second

subset combustion chambers is equal to or more than 0,6 and equal to or less than 0,9.

15. The method according to any of claims 9-14, wherein the internal combustion engine (1)
during the high load mode (HL) is controlled such that an average lambda value of the second

subset combustion chambers is equal to or more than 0,8 and equal to or less than 1.

16. The method according to any of claims 9-15, wherein the internal combustion engine (1)
during the low load mode (LL) is controlled such that an average lambda value of the first subset

combustion chambers is equal to or more than 0,95 and equal to or less than 1,05.

17. The method according to any of claims 9-16, wherein the internal combustion engine (1)
during the high load mode (HL) is controlled such that an average lambda value of the first subset

combustion chambers is equal to or more than 0,8 and equal to or less than 1.

18. A computer program product comprising instructions to cause the internal combustion engine

according to claim 1 to execute the steps of the method according to claim 9.



WO 2018/169480

18

1

PCT/SE2018/050257

15

26

23

174~

25

16

b~

19°

14~

17 4+—1—

87\/\

+



0000000000000

ey

00000000000000000

DE”

D@

DE”

D@

DE

DO




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2018/050257

A CLASSIFICATION OF SUBJECT MATTER

IPC: see extra sheet

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC: F02B, F02D, FO2M

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

SE, DK, FI, NO classes as above

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, PAJ, WPI data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 20140190458 A1 (GINGRICH JESS W ET AL), 10 July 1-18
2014 (2014-07-10); abstract; paragraphs [0012], [0017]-
[0018], [0027]-[0029]; figures 1-2
A US 20140238363 A1 (KEATING EDWARD J ET AL), 28 1-18
August 2014 (2014-08-28); paragraphs [0016]-[0021]; figures
1-2
A US 20160237928 A1 (LANA CARLOS ALCIDES ET AL), 18 1-18
August 2016 (2016-08-18); abstract; paragraph [0064]; figures
14A-14B

& Further documents are listed in the continuation of Box C.

& See patent family annex.

* Special categories of cited documents:

«pA” document defining the general state of the art which is not
considered to be of particular relevance

“E”  earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T”  later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

22-05-2018

Date of mailing of the international search report

22-05-2018

Name and mailing address of the ISA/SE
Patent- och registreringsverket

Box 5055

S$-102 42 STOCKHOLM

Facsimile No. + 46 8 666 02 86

Authorized officer
Marianne Dickman

Telephone No. + 46 8 782 28 00

Form PCT/ISA/210 (second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT International application No.

PCT/SE2018/050257

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

2014 (2014-05-22); abstract; paragraphs [0016], [0021]-[0022],
[0030], [0034]; figures 1-2

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 20160215736 A1 (MILLWARD PHILIP C), 28 July 2016 1-18
(2016-07-28); abstract; paragraph [0026]

A US 20140142833 A1 (GINGRICH JESS W ET AL), 22 May 1-18

Form PCT/ISA/210 (continuation of second sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

PCT/SE2018/050257

Continuation of: second sheet
International Patent Classification (IPC)

FO02M 26/43 (2016.01)
F02B 37/013 (2006.01)
F02D 13/02 (2006.01)
F02M 26/07 (2016.01)

Form PCT/ISA/210 (extra sheet) (January 2015)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/SE2018/050257
us 20140190458 A1 10/07/2014 US 9650949 B2  16/05/2017
us 20140238363 A1 28/08/2014 CN 104005884 A 27/08/2014
i BE 102014101938 A1 28/08/2014
us 20160237928 A1 18/08/2016 CN 105683542 A 15/06/2016
WO 2015066671 A3 ___12/11/2015 _
us 20160215736 A1 28/07/2016 CA 2922577 A1 05/03/2015
CN 105492752 A 13/04/2016
EP 3039279 A4  01/03/2017
JP 2016534279 A 04/11/2016
RU 2016107925 A 03/10/2017
WO 2015027335 A1 05/03/2015
us 20140142833 A1 22/05/2014 US 8996281 B2  31/03/2015

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report

