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a top dead center (TDC) and a bottom dead center (BDC) inside the cylinder
(5) defining a combustion chamber, - the piston (50) is connected via a con-
necting rod (6) to a crankshaft (7), wherein the reciprocating movement of the
piston (50) is converted to a rotating movement of the crankshaft (7), - a valve
mechanism controls an intake valve opening and closing timing in relation to
the crankshaft angle, - the intake valve timing is adapted to be changed in rela-
B0 P tion to the engine load, - on a low load situation a fuel amount to be fed is ad-
T O} . apted to the low load power need and the intake valve closing timing is adapted
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\\ the bottom dead center (BDC) so that air-fuel equivalence ratio lambda is kept
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Method in operating an internal combustion piston engine
TECHNICAL FIELD

[001] The invention concerns in general the technology of internal combustion
engines, such as large turbo charged piston engines. In particular the invention
concerns the way in which the air to fuel ratio is controlled during certain oper-
ating conditions.

[002] In more detail, the present invention concerns a method in operating an
internal combustion four-stroke piston engine comprising,

- a number of cylinders each comprising a cylinder head and a cylinder wall, a
piston is movable in a reciprocating manner between a top dead center (TDC)
and a bottom dead center (BDC) inside the cylinder defining a combustion
chamber,

- the piston is connected via a connecting rod to a crankshaft, wherein the re-
ciprocating movement of the piston is converted to a rotating movement of the
crankshaft,

- a valve mechanism controls an intake valve opening and closing timing in re-
lation to the crankshaft angle,

- the intake valve timing is adapted to be changed in relation to the engine
load.

BACKGROUND OF THE INVENTION

[003] With modern large internal combustion engines it in necessary that the
emissions are kept within certain rather low limits at all running situations.
These large engines are typically used in power plants, on sea going vessels
etc., generally at demanding power supplying applications. These engines are
designed to run at a certain nominal load thus producing a constant power.
However there are situations, where the load is not at the nominal load but the
load is much lower. Also in these situations the emissions must be kept under
the limits.

[004] A state of the art document W0O2012072864 A1 discloses a method for
controlling the operation of an internal combustion engine comprising at least
two operating modes. In a first operating mode, the intake valve (3) is closed at
a first predetermined crank angle, in accordance with a Miller cycle, before the
piston reaches bottom dead center during the intake stroke for reducing pres-
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sure in the cylinder, and fuel is injected using first fuel injection means opti-
mized for large amounts of fuel. In a second operating mode the intake valve is
closed at a second predetermined crank angle, in accordance with conven-
tional intake valve closing timing, after or slightly before the piston has passed
bottom dead center, and fuel is injected using second fuel injection means op-
timized for small amounts of fuel.

[005] Another state of the art document US2009222194 A1 discloses a Miller
cycle combustion engine capable of operating on multiple fuel types, and a
method of operating the engine, is provided. The engine includes a fuel type
determiner to determine the fuel type, and a compression adjustor to adjust the
compression of a first cylinder of the engine to match the requirement of the
determined fuel type. The compression adjustor is a variable valve timing sys-
tem that provides a maximum compression when a fuel type requiring maxi-
mum compression is determined, and that advances or retards the opening of
the intake valve to provide lower compression when a fuel type requiring lower
compression is determined.

SUMMARY OF THE INVENTION

[006] The following presents a simplified summary in order to provide a basic
understanding of some aspects of various invention embodiments. The sum-
mary is not an extensive overview of the invention. It is neither intended to
identify key or critical elements of the invention nor to delineate the scope of
the invention. The following summary merely presents some concepts of the
invention in a simplified form as a prelude to a more detailed description of ex-
emplifying embodiments of the invention.

[007] According to the present invention, on a low load situation a fuel amount
to be fed is adapted to the low load power need and the intake valve closing
timing is adapted such that the intake valve is closed at the crankshaft angle of
70° to 55° before bottom dead center (BDC) so that air-fuel equivalence ratio
lambda is kept below 2.0.

[008] It is understood that the primary cause of too high THC (total hydrocar-
bon) emissions at low load in lean burn gas engines (a Spark Gas or a Dual
Fuel) is too high lambda, resulting incomplete combustion. It may cause
quenching, slow burning, incomplete ignition and various other issues that can
be seen as incomplete burning at the combustion. Test results have shown
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that lambda below 2.1 produces acceptably low levels of THC and CO. How-
ever, at low loads (0-50%) the engines are practically run at a lambda of 2.2 up
to even 2.5. This is because, especially at very low load, with this type of en-
gine intended for power supplying purposes for an electric power network, it is
complicated to reduce the engine airflow enough even by opening the turbo-
charger wastegate to the maximum. Also, at 30-50% load, the exhaust gas
temperature after turbocharger may become a limiting factor. The exhaust
temperature may rise too high and it shortens the life time of the components
in contact with the high temperature exhaust gas.

[009] According to an implementation of the invention it is provided a high Mil-
ler like camshaft, for example a Miller 70, to reduce the engine airflow and thus
lambda, and then operate the engine in VIC (variable intake valve closing)
mode always at high loads to reach the desired "nominal” Miller timing (such
as 55). This is kind of a reverse of conventional VIC use, where it is used at
low loads instead, mainly in diesel engines.

[010] A benefit of this method is an optimal lambda at low load. The applicant
has achieved test results showing the method to effectively reduce THC and
CO emissions by even 92-94%. This would eliminate the need for an after-
treatment system, skip firing, air by-pass etc. unless they are also needed at
full load. The method is especially useful for Spark Gas power plants that are
used for secondary or even tertiary frequency control, where a genset may
need to operate extended periods at low loads.

[011] The exemplary embodiments of the invention presented in this patent ap-
plication are not to be interpreted to pose limitations to the applicability of the
appended claims. The verb "to comprise” is used in this patent application as
an open limitation that does not exclude the existence of also unrecited fea-
tures. The features recited in depending claims are mutually freely combinable
unless otherwise explicitly stated.

[012] The novel features which are considered as characteristic of the inven-
tion are set forth in particular in the appended claims. The invention itself,
however, both as to its construction and its method of operation, together with
additional objects and advantages thereof, will be best understood from the fol-
lowing description of specific embodiments when read in connection with the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[013] Fig. 1 illustrates an engine with a piston at crank shaft angle of 70 deg
before BDC,

Fig. 2 illustrates an engine with a piston at crank shaft angle of 55 deg before
BDC,

Fig. 3 illustrates an engine with a piston at crank shaft angle at the BDC.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[014] In fig 1 it is shown an internal combustion four-stroke piston engine com-
prising,

- a number of cylinders 5 (only one shown here) each comprising a cylinder
head and a cylinder wall, a piston 50 is movable in a reciprocating manner be-
tween a top dead center TDC and a bottom dead center BDC inside the cylin-
der 5 defining a combustion chamber,

- the piston 50 is connected via a connecting rod 6 to a crankshaft 7, wherein
the reciprocating movement of the piston 50 is converted to a rotating move-
ment of the crankshaft 7. In the fig. 1 the crank shaft angle is 70° before the
BDC. Practically this is about the first position where the inlet valve can be
closed in order to reduce the air intake to the cylinder. In figure 1 it is not
shown that a valve mechanism controls an intake valve opening and closing
timing in relation to the crankshaft angle, and that the intake valve timing is
adapted to be changed in relation to the engine load. The engine should com-
prise a variable inlet valve closing (VIC) system that is used for adapting the
timing of the inlet valve closing. Thus the intake valve closing is transferred to-
wards lower limit when the engine load increases.

[015] Further according to the method on a low load situation a fuel amount to
be fed is adapted to the low load power need and the intake valve closing tim-
ing is adapted such that the intake valve is closed at the crankshaft angle a of
70°to 55° before the bottom dead center (BDC) so that air-fuel equivalence ra-
tio lambda is kept below 2.0. By using parameters within these ranges the ap-
plicant has achieved even 92-94% reduction of THC and CO emissions based
on results of a laboratory engine. Thus the intake valve is closed before bottom
dead center to reduce the air intake in the low load situation.

[016] According to a preferred embodiment the lambda in use in low load
power mode is kept within range of 1.6 to 2.0. This range keeps the emissions
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at low level and also keeps the exhaust temperature in check. The actual op-
timal range of lambda depends on some other parameters also, thus the range
need to be determined on tests.

[017] Here in this description the low load situation is considered to be within a
range of 0 — 50% of the nominal maximum load of the engine. The method has
been developed for certain engine types, here the engine is a dual fuel or a
spark gas engine. For precautionary measure if the exhaust gas temperature
after a turbocharger approaches an upper limit, the intake valve timing is
adapted to close the intake valve earlier. Thus the method can be also
adapted for controlling the running conditions of the engine.

[018] In fig. 2 it is shown that the crank shaft angle a is 55° before the BDC.
Practically this is about the last feasible position where the inlet valve can be
closed in order to effectively reduce the air intake to the cylinder so that it has
the intended effect on the low load power situation. This method is also usable
on DF engines, where it would be able to easily pass the wanted THC marine
cycle emission limit or even go much lower. According to an embodiment of
the operation parameters usable, it is noted that at the 50% engine load the
optimal closing angle is 55° on crankshaft angle.

[019] For reference, in fig. 3 the piston 50 has been shown to be at crank shaft
angle a 0°i.e. to be in the BDC. Here both the upper part of the piston and
crank shaft 7 are indicated with an arrow to be in BDC. The same reference
signs are used in fig. 1 and fig. 2.

[020] For example, if some marine products use of this kind of method instead
of skip-firing, which is not feasible with small cylinder numbers, the use of pre-
sent would bring very effective way to achieve improved emission results.

[021] Variations and modifications to the embodiments described above are
possible without departing from the scope of the amended claims. For exam-
ple, instead of VIC, some other kind of variable intake valve timing system
could be used.
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Patent claims

1. Method for operating an internal combustion four-stroke piston engine,
the engine comprising

- a number of cylinders (5) each comprising a cylinder head and a cylinder
wall,

- a piston (50) that is movable in a reciprocating manner between a top dead
center (TDC) and a bottom dead center (BDC) inside the cylinder (5) defining a
combustion chamber,

- a connecting rod (6) and a crankshaft (7), the piston (50) being connected via
the connecting rod (6) to the crankshaft (7) for converting the reciprocating
movement of the piston (50) to a rotating movement of the crankshaft (7), and
- a valve mechanism for controlling intake valve opening and closing timing in
relation to the crankshaft angle,

the intake valve timing being adapted to be changed in relation to the engine
load,

characterized in that

- on a low load situation a fuel amount to be fed is adapted to the low load
power need and the intake valve closing timing is adapted such that the intake
valve is closed at the crankshaft angle (a) of 70° to 55° before the bottom dead
center (BDC) so that air-fuel equivalence ratio lambda does not exceed 2.0.

2. The method according to the patent claim 1, characterized in that the
lambda is kept within range of 1.6 to 2.0.

3. The method according to the patent claim 1, characterized in that the
low load situation is 0 — 50% of the nominal maximum load of the engine.

4.  The method according to the patent claim 1, characterized in that the in-
take valve is closed before bottom dead center to reduce the air intake in the
low load situation.

5. The method according to the patent claim 1, characterized in that the
engine is a dual fuel or a spark ignition gas engine.

6. The method according to the patent claim 1, characterized in that if the
exhaust gas temperature after a turbocharger approaches a predetermined
upper limit, the intake valve timing is adapted to close the intake valve earlier.
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7. The method according to the patent claim 6, characterized in that the
engine comprises a variable inlet valve closing (VIC) system that is used for
adapting the timing of the inlet valve closing.

8. The method according to the patent claim 1, characterized in that the in-
5 take valve closing is transferred towards lower limit when the engine load in-
creases.

9. The method according to patent claims 1 and 8, characterized in that at
the 50% engine load the closing angle is 55° on crankshaft angle (a).
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