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(54) INTERNAL COMBUSTION ENGINE

(67)  Thepresentinvention relates to an internal com-

bustion engine (10). The internal combustion engine (10) 10 14 15

is a large vessel engine or a stationary engine, which is 16a \ \

operable a least in a gas mode. The internal combustion romseesenmssnnoane T

engine (10) comprises at least one cylinder (11) having 12 e

an inner diameter (12) of at least 200mm. The cylinder g — ~17a
(11) comprises a scavenge air inlet (13) and an exhaust |~ 11
outlet (14) comprising an exhaust valve (15). The internal : 23— / 19
combustion engine (10) comprises a first pressure meas-

uring unit (16a) with at least one first sensor (17a) for 176 \g :”__ 16b
providing a signal representative of a pressure within at Pl pemmeme e M

least one cylinder (10). The internal combustion engine 13 b

(10) comprises a second pressure measuring unit (16b) B

with at least one second sensor (17b) for providing a E‘\ \ 22
signal representative of the scavenging pressure of the 18 21 ﬂ

same cylinder (10). The internal combustion engine (10) 20

comprises a control unit (18) which is configured to per-
form a blowback control, wherein the control unit (18) is
configured to receive the signal of the first pressure
measuring unit (16a) and to receive the signal of the sec-
ond pressure measuring unit (16b), to determine a value
representative for the blowback margin on basis of the
signals, to compare the value representative for the blow-
back margin with a predetermined blowback margin val-
ue or a predetermined blowback margin interval and to
adapt the exhaust valve opening angle, if the value rep-
resentative for the blowback margin is below or above
the predetermined blowback margin value or the prede-
termined blowback margin interval.
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Description

[0001] The present invention relates to an internal
combustion engine, to a method for operating an internal
combustion engine, to a computer program and to a com-
puter program product.

[0002] The present invention preferably relates to an
internal combustion engine like a large marine or ship
engine or a stationary engine whose cylinders have an
inner diameter of at least 200 mm. The engine preferably
is a two-stroke engine or a two-stroke cross head engine.
The engine typically comprises crossheads.

[0003] The engine can be a diesel or gas engine, a
dual fuel or a multi fuel engine. Burning of gaseous fuel
or of liquid and/or gaseous fuels in such engines is pos-
sible as well as self-igniting or forced igniting.

[0004] The term internal combustion engine refers to
large engines which can be operated not only in diesel
mode, which is characterized by the self-ignition of the
fuel, but also in Otto mode, which is characterized by the
positive ignition of the fuel, or in mixtures of the two, for
example by a spark ignition. Furthermore, the term inter-
nal combustion engine includes in particular dual-fuel en-
gines and large engines in which the self-ignition of the
fuel is used for the positive ignition of another fuel.
[0005] The engine has at least one cylinder having a
piston therein. The piston is connected to a crankshaft.
The piston reciprocates between atop dead center (TDC)
and a bottom dead center (BDC) during operation of the
engine.

[0006] Within this application the term "cycle" relates
to the duration of one revolution of the crank shaft, during
which cylinder scavenging, compression, heat re-
lease/combustion, an expansion/working stroke occurs.
[0007] A point of time during a cycle generally is given
by the crank angle, which is the angle of rotation of the
crankshaft measured fromthe position in which the piston
is atits highest point known as the top dead center (TDC).
[0008] The cylinder typically has an air inlet comprising
at least one air passage opening for intake, wherein the
air inlet is arranged in the liner of the cylinder, preferably
close to the bottom dead center. Preferably, the air inlet
is in fluid connection with a scavenging air receiver.
[0009] The cylinder typically has an air outlet compris-
ing at least one air passage opening for exhaust with a
respective valve, The exhaust outlet is arranged in the
cover of the cylinder.

[0010] The internal combustion engine can be a longi-
tudinally flushed two-stroke engine.

[0011] Engine speed is preferably below 800 RPM (4-
stroke) and more preferably below 200 RPM (2-stroke)
which indicates the designation of low speed engines.
[0012] Fuel canbe diesel or marine diesel oils or heavy
fuel oils or emulsions or slurries or methanol or ethanol
as well as gases like liquid natural gas (LNG), liquid petrol
gas (LPG) and so on.

[0013] Further possible fuels which might be added on
request are: LBG (Liquified Biogas), biological fuels (e.
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g. Algae fuel or Seaweed Qil), hydrogen, synthetic fuels
from CO2 (e. g. made by Power-To-Gas or Power-To-
Liquid).

[0014] Large ships, in particular vessels for transport
of goods, usually are powered by internal combustion
engines, in particular diesel and/or gas engines, mostly
two-stroke, cross head engines.

[0015] Modern engines of this type are fully electroni-
cally controlled, i.e. both the fuel admission/injection and
the opening and closing of the exhaust valve can be ad-
justed by an electronic control system during engine op-
eration, to ensure that the engine operates optimally un-
der the given operating conditions. Typically, the timing
of the exhaust valve opening is tabulated against engine
speed and load (only speed for diesel operation mode).
These tables are calibrated during engine tuning from
the factory.

[0016] The engine is calibrated, to ensure that the en-
gine fulfills all performance requirements such as e.g.
power, fuel efficiency, emissions, noise/vibration level
and reliability.

[0017] Wear and tear over time or a switch from a con-
ventional fuel to an alternative fuel or vice versa cause
the engine, or at least cylinders thereof, to deviate from
the factory specification and a recalibration might be re-
quired.

[0018] DK180717B1 discloses a large low speed two-
stroke uniflow scavenged turbocharged internal combus-
tion engine. The engine has a plurality of cylinders, each
having an exhaust valve and a pressure sensor for gen-
erating a cylinder-specific pressure signal representative
of a pressure in the cylinder concerned.

[0019] DK180717B1 discloses a method comprising
closed loop controlling fuel quantity, timing of start of fuel
admission/injection, and/or timing of exhaust valve clos-
ing, of the cylinders individually based on the cylinder-
specific pressure signal, and on common setpoints for
all cylinders, or on individual cylinder specific setpoints
that are individual cylinder-specific adjustments of the
common setpoints.

[0020] JP2006183480 discloses an uniflow two-stroke
internal combustion engine having a scavenging port ar-
ranged in a cylinder block with an opening in the vicinity
of a piston bottom dead center position, and an exhaust
valve arranged on a cylinder head. The internal combus-
tion engine has a phase variable mechanism for advanc-
ing and delaying a phase of a central angle of a lift of the
exhaust valve for avoiding that exhaust gas flows back-
ward to the scavenging port.

[0021] Itis an object of the present invention to avoid
the drawbacks of the prior art and in particular to provide
an internal combustion engine and a method of operating
an internal combustion engine which allow a fast optimi-
zation of the exhaust valve opening.

[0022] According to the invention the internal combus-
tion engineis alarge vessel engine or a stationary engine
which is operable at least in a gas mode.

[0023] The internal combustion engine comprises at
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least one cylinder having an inner diameter of at least
200 mm.

[0024] Theengine may comprise afuel delivery system
for delivering a quantity of first fuel to the cylinder.
[0025] The cylinder comprises a scavenge airinletand
an exhaust outlet comprising an exhaust valve.

[0026] The engine may be a uniflow engine, where
scavenge air inlet and exhaust outlet are arranged on
opposite ends of the cylinder. Typically, fresh charge air
enters through piston-controlled ports of the scavenge
airinlet near the bottom of the cylinder and flows upward,
pushing the exhaust gases out through exhaust valves
of the exhaust outlet located in the cylinder head.
[0027] The internal combustion engine may comprise
a scavenge air receiver from which fresh air and recircu-
lated exhaust gas may be guided to openings arranged
in the lower part of the cylinder.

[0028] The engine may comprise an exhaust valve ac-
tuation system for actuating the exhaust valve and in par-
ticular for setting the exhaust valve opening, preferably
for each cylinder individually.

[0029] The internal combustion engine comprises a
first pressure measuring unit with at least one first sensor
for providing a signal that is representative of a pressure
within at least one cylinder.

[0030] Preferably the first pressure measuring unit
comprises at least one first sensor for each cylinder. The
sensor may be a pressure sensor.

[0031] The internal combustion engine comprises a
second pressure measuring unit with at least one second
sensor for providing a signal representative of the scav-
enging pressure of the same cylinder. Preferably the sec-
ond pressure measuring unit comprises at least one sec-
ond sensor for each cylinder. The second sensor may
be a pressure sensor.

[0032] The internal combustion engine comprises a
control unit which is configured to perform a blowback
control, wherein the control unit is configured to receive
the signal of the first pressure measuring unit and to re-
ceive the signal of the second pressure measuring unit
and to determine a value which is representative for the
blowback margin on basis of the signals.

[0033] The blowback margin is the difference between
the crank angle when the pressure within the cylinder
equalizes the scavenge pressure during the expansion
phase (blowback cut angle) and the inlet ports opening
angle (IPO angle), that is the crank angle at which the
piston reaches the top of the inlet ports during the de-
scending phase. As the blowback cut angle is reached
before the IPO angle, the blowback margin usually has
a negative sign.

[0034] The value which is representative for the blow
back margin may be the blow back margin of the respec-
tive revolution.

[0035] The crank angle where pressure equality is
achieved (blowback cut angle) may be determined com-
paring the pressure measured in the cylinder with the
pressure measured in the scavenge air receiver. The first
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position where pressures at the two locations are equal
is the blowback cut angle.

[0036] The IPO angle may be determined for each en-
gine. The IPO angle depends on the geometrical dimen-
sions of the engine, in particular of the cylinder liner, the
piston, the crankshaft, the connecting rods, the number
and dimensions of shims and/or an eventually selected
variable compression ratio.

[0037] The controlunitis further configured to compare
the value which is representative for the blowback margin
with a predetermined blowback margin value or a prede-
termined blowback margin interval, for example the in-
terval of -4°CA to -2°CA.

[0038] The control unit is further configured to adapt
the exhaust valve opening (EVO) angle if the value which
is representative for the blowback margin is below or
above the predetermined blowback margin value or the
predetermined blowback margin interval.

[0039] The EVO angle is the crank angle where the
exhaust valve starts to open.

[0040] Pressure equality should be achieved when the
piston is close to the scavenging ports but sufficiently far
away to avoid blow back.

[0041] Generally, earlier opening of the exhaust valve
increases the amount of the blow back margin since an
earlier opening angle results in an earlier pressure equal-
ity.

[0042] A too big blowback margin causes poor engine
efficiency because the cylinder lengths is not sufficiently
used.

[0043] Onthe otherhand, a too small blowback margin
can cause exhaust gas blowback into the piston under-
side. Hence, if the blowback margin is too small, there is
the risk, that exhaust gas might escape through the inlet
ports.

[0044] During engine operation the exhaust valve
opening angle is set depending on the blow back margin.
[0045] Asthe exhaustvalve opening angle has a direct
influence on the blowback margin, the blowback control
is a closed loop control. If the adaption of the exhaust
valve opening angle leads to an inappropriate blowback
margin during the next cycle, the result can be immedi-
ately corrected.

[0046] The crank angle when pressure equality is
achieved may fluctuate slightly from cycle to cycle due
to differences in combustion within an acceptable range.
This is even more visible for engines running with gas or
fuels other than Diesel.

[0047] It may thus be favourable not to adapt the ex-
haust valve opening angle immediately, that is by a fast
control, but in a slow control.

[0048] A filter may be applied to compensate for the
cycle-to-cycle variations to the measured crank angle
used for determining the value which is representative
for the blow back margin.

[0049] The crank angle where pressure equality is
achieved may be averaged for determining the value
which is representative for the blow black margin over a
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predetermined number of cycles. A low predetermined
number corresponds to a fast control, a higher predeter-
mined number corresponds to a slow control.

[0050] The value which is representative for the blow
back margin may be based on filtered or averaged crank
angles where pressure equality is achieved or on filtered
or averaged blow back margins.

[0051] The value which is representative for the blow
back margin may thus take into account not only the
present blowback margin but also the blow back margins
of previous revolutions.

[0052] As long as the inlet ports opening (IPO) angle
remains constant, alternatively, the blowback cut angle
may be determined and may be compared with a prede-
termined reference value.

[0053] However, usually the blowback cut angle alone
is not sufficiently meaningful for the risk of counterflow
into the receiver, as generally the IPO angle may change
when for example the compression ratio is adapted.
[0054] The blowback control speeds up tuning. A
closed loop control of blowback margin changing the
EVO angle dynamically during engine operation may
achieve optimal control of engine efficiency and ensure
optimised trade-off between safe and efficientengine op-
eration.

[0055] During blowback control, the exhaust valve
closing angle will not be varied at all. Generally, while
the exhaust valve opening angle may be affected by the
exhaust valve closing angle, the exhaust valve closing
angle is independent of the exhaust valve opening angle.
[0056] The internal combustion engine may comprise
at least two cylinders.

[0057] The EVO angle may be set for all cylinders bas-
ing on a measurement in only a part of the cylinders,
preferably in only one cylinder.

[0058] Theblowback margin maybe measuredineach
cylinder. It may be selectable if the engine average or
the specific cylinder is used to correct the blowback mar-
gin of each cylinder.

[0059] The internal combustion engine may comprise
a first pressure measuring unit and a second pressure
measuring unit for each cylinder and the control unit may
be configured to perform a blowback control for each
cylinder individually.

[0060] Alternatively, each cylinder may comprise an
individual control unit for controlling the exhaust valve
opening angle. This way, the exhaust valve may be
opened at the optimal time for each cylinder.

[0061] The control unit may be adapted to decrease
the exhaust valve opening angle if the value represent-
ative for the blowback margin is bigger than (thatis closer
to zero than) the predetermined blowback margin value
or than the predetermined blowback margin interval.
[0062] The control unitmay be adapted to increase the
exhaust valve opening angle if the value representative
for the blowback margin is below the predetermined
blowback margin value or the predetermined blowback
margin interval.
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[0063] If the value representative for the blow back
margin is bigger than a upper limit of a predetermined
blowback margin interval, for example bigger than-2°CA,
the exhaust valve opening angle shall be decreased.
[0064] If the value representative for the blow back
margin is smaller than the lower limit of a predetermined
blowback margin interval, for example smaller than
-4°CA, the exhaust valve shall be opened later.

[0065] The step size for decreasing and increasing
may the EVO angle be predetermined or may depend on
the difference between the measurement value and the
predetermined value.

[0066] The control unit may be adapted to set an in-
creasing step and/or a decreasing step, preferably de-
pendent on the difference between the value represent-
ative for the blowback margin and the predetermined
blowback margin.

[0067] The step size may depend on the measured
difference to the target blowback margin. It may range
from 0.1 to 0.5 degrees of crank angle.

[0068] The predetermined blowback margin value or
the predetermined blowback margin interval may be se-
lected by a user and the control unit may be adapted to
receive respective predetermined values.

[0069] The control unit may be adapted to select the
predetermined blowback margin value or the predeter-
mined blowback margin interval, for example from a
stored table, preferably depending on at least one of the
fuels or a combination of fuels to be used, the engine
load, the speed of the engine or a further operation mode.
[0070] The control unit may be adapted to receive the
conditions for selecting the predetermined values.
[0071] Forexample, liquid fuel may be burned together
with gas, wherein the share can be selected by an oper-
ator. The predetermined blowback margin value or the
predetermined blowback margin interval may be depend-
ent on the selected share.

[0072] The internal combustion engine may be driven
with or without exhaust gas recirculation. The predeter-
mined blowback margin value or the predetermined blow-
back margin interval may be dependent on whether ex-
haust gas is recirculated.

[0073] Generally, predetermined blowback margin val-
ue or the predetermined blowback margin interval may
be based on the engine load, the different possible com-
binations of Otto and Diesel cycles, the operating mode,
that is for example operation with or without recirculation
of exhaust gas, steady state operation or transfer oper-
ation.

[0074] The control unit may be adapted to adapt the
exhaust valve opening angle only as long as the exhaust
valve opening angle remains within a range of 40°CA
after top center (aTDC) to 150°CA aTDC.

[0075] Ifthelimits are achieved and the blow back mar-
gin still is not in the desired range, a control unit may
raise an alarm and/ the EVO may stay at the limiting
value.

[0076] The alarm may be raised for each cylinder or
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foragroup of cylinders. Beneficially, the possible reasons
and countermeasures may be indicated, so that an op-
erator can take corrective actions.

[0077] The control unit may be adapted to deactivate
the blowback control, preferably under predetermined
conditions.

[0078] As long as the blowback control is deactivated
at least the exhaust valve opening angle is not adapted.
Preferably, if the signals of the first pressure measuring
unit or the second pressure measuring unit are not re-
ceived, a value representative for the blowback margin
is not determined and compared with a predetermined
blowback margin value or a predetermined blowback
margin interval.

[0079] Cylinders may be organized in a master/slave
arrangement. Initially a first cylinder may be used as a
master cylinder. If the measurement from the master cyl-
inder is not available, the next available "slave" cylinder
may be used as master.

[0080] Alternatively, if any cylinder is not available, the
rest of the cylinders may not be affected.

[0081] The blowback controlmay be deactivated when
the loadis below a predetermined load value, forexample
when the load is below 20-25% of a maximal load, when
the engine is running on specific fuels, such as a fuel
gas, during a transient operation, when the load is
changed, or during an emergency, when operation con-
ditions are changed and/or when operation conditions
have to be changed very quickly.

[0082] Preferably, there may be no load restriction.
[0083] Preferably, the control unit is adapted to work
continuously and to control the blowback margin for each
working cycle.

[0084] Alternatively, the control unit may perform the
steps of the blowback control as described above at least
on a regular basis.

[0085] The internal combustion engine may further
comprise a crank angle measuring unit with at least one
sensor for providing a signal that is representative of the
crank angle of a piston of at least one cylinder. Preferably
the crank angle measuring unit comprises at least one
sensor for each cylinder.

[0086] The internal combustion engine typically may
comprise a turbocharger, which increases the amount of
air supplied to the cylinder using the exhaust gas dis-
charged from the cylinder. The air compressed by the
turbocharger can be supplied to the scavenging receiver
which is in fluid connection to the air passage opening
for intake.

[0087] The cylinder may comprise a pre-chamber, for
example with a pilot ignition system and/or a spark igni-
tion system.

[0088] According to the invention a method for running
an internal combustion engine, comprising at least one
cylinder, in particular an internal combustion engine as
described above, comprises the following steps.

[0089] A first signal representing the pressure within
the cylinder is measured and a second signal represent-
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ative of the scavenging pressure of the same cylinder us
measured.

[0090] A blowback control is performed, wherein a val-
ue representative for the blowback margin is determined
on basis of the signals. The value representative for the
blowback margin may be determined on basis of the dif-
ference of the first and the second signal, as described
above. The value representative for the blowback margin
is compared with a predetermined blowback margin val-
ue or a predetermined blowback margin interval. The ex-
haust valve opening angle is adapted if the value repre-
sentative for the blowback margin is below or above the
predetermined blowback margin value or the predeter-
mined blowback margin interval.

[0091] The exhaust valve opening angle may be de-
creased if the value representative for the blowback mar-
gin is bigger than the predetermined blowback margin
value or the predetermined blowback margin interval
(that is closer to zero).

[0092] The exhaust valve opening angle may be in-
creased if the value representative for the blowback mar-
gin is below the predetermined blowback margin value
or the predetermined blowback margin interval.

[0093] The exhaust valve opening angle is set such
that pressure equality is achieved when the piston is
close to the scavenging ports, but sufficiently far away
to avoid blow back.

[0094] An increasing step and/or a decreasing step
may be set by which the exhaust valve opening angle is
adapted. The increasing step and/or a decreasing step
may be set in advance or may be dependent on the dif-
ference between the value representative for the blow-
back margin and the predetermined blowback margin.
[0095] The predetermined blowback margin value or
the predetermined blowback margin interval may be se-
lected, preferably from a stored table. The predetermined
blowback margin value or the predetermined blowback
margin interval may be selected in dependence of oper-
ating conditions as described above.

[0096] The exhaust valve opening angle may adapted
only as long as the exhaust valve opening angle remains
within a range of 40°CA after top center (aTDC) to
150°CA aTDC.

[0097] Otherwise, the exhaust valve opening angle is
kept constant, even if the value representative for the
blowback margin is beyond a predetermined limit.
[0098] The blowback control may be deactivated on
demand and/or under predetermined conditions as de-
scribed above.

[0099] According to the invention a computer program
comprises a program code for carrying out the steps of
the method as described above when the program is ex-
ecuted on a computer.

[0100] According to the invention a computer program
product which can be loaded directly into an internal
memory of a digital computer comprises software code
portions executing the method steps as described above
when the program is running on the digital computer.



9 EP 4 435 246 A1 10

[0101] In the following, the invention is further ex-
plained in embodiments by means of figures. Same ref-
erence numbers refer to functionally corresponding fea-
tures.

Figure 1:  shows a schematic view of an internal com-
bustion engine;

Figure 2:  shows a schematic view of a piston in a cyl-
inder with a first crank angle,

Figure 3:  shows a schematic view of a piston in a cyl-
inder with a second crank angle.

[0102] Figure 1 shows an internal combustion engine

10 which is a large vessel engine comprising a cylinder
11 having an inner diameter 12 of at least 200 mm.
[0103] The cylinder 11 comprising a scavenge air inlet
13 and an exhaust outlet 14 having an exhaust valve 15.
[0104] The internal combustion engine 10 comprises
a first pressure measuring unit 16a with a first sensor 17a
for providing a signal representative of a pressure within
the cylinder 10, for example a pressure sensor.

[0105] Theinternal combustion engine 10 further com-
prises a second pressure measuring unit 16b with atleast
one second sensor 17b for providing a signal represent-
ative of the scavenging pressure of the same cylinder
10. In the present example the second pressure meas-
uring unit 16b is arranged in the scavenge air receiver 19.
[0106] The internal combustion engine 10 comprises
a control unit 18 which is configured to perform a blow-
back control.

[0107] The control unit 18 is configured to receive the
signal of the first pressure measuring unit 16a and to
receive the signal of the second pressure measuring unit
16b, to determine a value representative for the blowback
margin on basis of the signals, to compare the value rep-
resentative for the blowback margin with a predetermined
blowback margin value or a predetermined blowback
margin interval and to adapt the exhaust valve opening
angle, ifthe value representative for the blowback margin
is below or above the predetermined blowback margin
value or the predetermined blowback margin interval.
[0108] The control unit 18 comprises a crank angle
measuring unit not explicitly shown which is connected
to a sensor 20 for providing a signal that is representative
of the crank angle of the piston 21 at a specific situation,
such as when the piston reaches the top of the inlet ports
during the descending phase or when pressure equality
is achieved. "Pressure equality" refers to the equality of
the pressure in the cylinder and in the scavenge air re-
ceiver.

[0109] Theinternal combustion engine 10 further com-
prises a turbocharger 22 and a fuel supply 23.

[0110] Figure 2 schematically shows a view of a piston
21 in a cylinder 11 with a first crank angle a1.

[0111] At the first crank angle a1 the pressure within
the cylinder 11 above the piston equalizes the scavenge
pressure in the scavenge air receiver 19 during the ex-
pansion phase (blowback cut angle). The first position
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where pressures at the two locations are equal is the
blowback cut angle.

[0112] Figure 3 schematically shows a view of a piston
21 in a cylinder 11 with a second crank angle .2, which
is the inlet ports opening angle (IPO angle). The second
crank angle 02 thus is the crank angle at which the piston
21 reaches the top of the inlet ports 13 during the de-
scending phase.

[0113] The blowback margin is the difference between
the first crank angle o1 when the pressure within the
cylinder equalizes the scavenge pressure and the sec-
ond crank angle a2.

Claims

1. Internal combustion engine (10), namely a large ves-
sel engine or a stationary engine, which is operable
a least in a gas mode,

the internal combustion engine (10) comprising
at least one cylinder (11) having an inner diam-
eter (12) of at least 200mm,

the cylinder (11) comprising a scavenge air inlet
(13) and an exhaust outlet (14) comprising an
exhaust valve (15),

the internal combustion engine (10) comprising
afirst pressure measuring unit (16a) with atleast
one first sensor (17a) for providing a signal rep-
resentative of a pressure within at least one cyl-
inder (10),

the internal combustion engine (10) comprising
a second pressure measuring unit (16b) with at
least one second sensor (17b) for providing a
signal representative of the scavenging pres-
sure of the same cylinder (10),

the internal combustion engine (10) comprising
a control unit (18) which is configured to perform
a blowback control, wherein the control unit (18)
is configured

- to receive the signal of the first pressure
measuring unit (16a) and to receive the sig-
nal of the second pressure measuring unit
(16b),

- to determine a value which is representa-
tive for the blowback margin on basis of the
signals,

- to compare the value which is represent-
ative for the blowback margin with a prede-
termined blowback margin value or a pre-
determined blowback margin interval,

- and to adapt the exhaust valve opening
angle, if the value which is representative
for the blowback margin is below or above
the predetermined blowback margin value
or the predetermined blowback margin in-
terval.
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Internal combustion engine (10), according to claim
1,

wherein the internal combustion engine (10)
comprises at least two cylinders (11),

and the internal combustion engine (10) com-
prises a first pressure measuring unit (16a) and
asecond pressure measuring unit (16b) foreach
cylinder,

and the control unit (18) is configured to perform
a blowback control for each cylinder individually.

Internal combustion engine (10) according to claim
10r2, wherein the control unitis adapted to decrease
the exhaust valve opening angle if the value which
is representative for the blowback margin is above
the predetermined blowback margin value or the pre-
determined blowback margin interval and

wherein the control unit is adapted to increase the
exhaust valve opening angle if the value which is
representative for the blowback margin is smaller
than the predetermined blowback margin value or
the predetermined blowback margin interval.

Internal combustion engine (10) according to claim
3, wherein the control unit is adapted to set an in-
creasing step and/or a decreasing step, preferably
dependent on the difference between the deter-
mined blowback margin and the predetermined
blowback margin.

Internal combustion engine (10) according to claim
1, 2 or 3, wherein the control unit is adapted to select
the predetermined blowback margin value or the pre-
determined blowback margin interval (from a stored
table), preferably depending on at least one of the
fuel to be used, the engine load and the speed of the
engine and the operating mode.

Internal combustion engine (10) according to one of
the preceding claims, wherein the control unit is
adapted to adapt the exhaust valve opening angle
only as long as the exhaust valve opening angle re-
mains within a range of 40°CA aTDC to 150°CA aT-
DC.

Internal combustion engine (10) according to one of
the preceding claims, wherein the control unit is
adapted to deactivate the blowback control, prefer-
ably under predetermined conditions, in particular

- when the load is below a predetermined load
value,

- when running on specific fuels,

- during a transient operation

and/or

- during emergency.
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8.

9.

10.

1.

12.

Method for running an internal combustion engine
(10), comprising at least one cylinder (11), in partic-
ular an internal combustion engine according to one
of the preceding claims,

- Measuring a first signal representing the pres-
sure within the cylinder

- Measuring a second signal representative of
the scavenging pressure of the same cylinder,
- performing a blowback control, wherein

o avalue which is representative for a blow-
back margin is determined on basis of the
signals, in particular in dependence of the
difference of the first and the second signal,
o the value which is representative for the
blowback margin is compared with a prede-
termined blowback margin value or a pre-
determined blowback margin interval,

o the exhaust valve opening angle is adapt-
ed if the value which is representative for
the blowback margin is below or above the
predetermined blowback margin value or
the predetermined blowback margin inter-
val.

Method according to claim 8,

wherein the exhaust valve opening angle is de-
creased if the value which is representative for
the blowback margin is above the predeter-
mined blowback margin value or the predeter-
mined blowback margin interval

and

wherein the exhaust valve opening angle is in-
creased if the value which is representative for
the blowback margin is smaller than the prede-
termined blowback margin value or the prede-
termined blowback margin interval.

Method according to claim 9,

an increasing step and/or a decreasing step is set,
preferably dependent on the difference between the
determined blowback margin and the predetermined
blowback margin.

Method according to claim 8, 9 or 10, wherein the
predetermined blowback margin value or the prede-
termined blowback margin interval is selected (from
a stored table), preferably depending on at leastone
of the fuels to be used, the engine load, the speed
of the engine and engine operation mode.

Method according to one of the preceding claims
8-11, wherein the exhaust valve opening angle is
adapted only as long as the exhaust valve opening
angle remains within a range of 40°CA aTDC to
150°CA aTDC.



13.

14.

15.
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Method according to one of the preceding claims
8-12,

wherein the blowback control is deactivated under
predetermined conditions, in particular

- when the load is below a predetermined load
value, in particular below of 25%, preferably be-
low 20%,

- when running with specific fuels gas,

- during a transient operation,

- during emergency,

and/or

- under specific operating modes.

A computer program comprising program code for
carrying out the steps of the method according to
any one of the claims 8 to 13 when the program is
executed on a computer.

A computer program product which can be loaded
directly into an internal memory of a digital computer
and which comprises software code portions exe-
cuting the method steps of at least one of the claims
8 to 13 when the program is running on the digital
computer.
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