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(57) A combustion engine system (10) comprising a
combustion engine (20), a retrofit system (1) being retro-
fitted to the combustion engine (20), and an engine
control arrangement, wherein the combustion engine
(20) comprises a combustion chamber (27), an inlet
channel (28) connected to the combustion chamber
(27), a main fuel provision arrangement (22) connected
to the inlet channel (28) and/or to the combustion cham-
ber (27) and configured for providing a main fuel into the
inlet channel (28) and/or into the combustion chamber
(27), and a receiving arrangement (25) arranged in a
housing (24) of the combustion engine (20), wherein the
receiving arrangement (25) comprises an original open-
ing (26) in the housing (24), the original opening (26) is
originally formed into the housing (24) during an original
manufacturing process of the combustion engine (20)

and is not subsequently manufactured into the housing
(24) after the original manufacturing process was fina-
lized, the original opening (26) is forming a physical
pathway between anenvironment (21) of the combustion
engine (20) into the combustion chamber (27), wherein
the retrofit system (1) comprises an additional fuel provi-
sion arrangement (2), which is configured for providing
anadditional fuel into the inlet channel (28)and/or into the
combustion chamber (27), and wherein the additional
fuel provision arrangement (2) is mounted by retrofitting
to the receiving arrangement (25), in particular to the
original opening (26), of the combustion engine (20), and
wherein the engine control arrangement is configured for
controlling the main fuel provision arrangement (22) an-
d/or the additional fuel provision arrangement (2).
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Description

[0001] The invention relates to the technical field of
combustion engines and in particular to combustion en-
gines operated in a dual-fuel-operation mode.
[0002] Combustion engines are mainly operated with
one single type of fuel, wherein the combustion engine
can be operated according to optimum conditions and
settings. However, in certain fields bi-fuel operated com-
bustion engines or dual-fuel combustion engines are
used.
[0003] Bi-fuel vehicles are vehicles with multi-fuel en-
gines which can be operated with more than one type of
fuel. For example, when it comes to combustion engines
a first fuel is gasoline or diesel. Bi-fuel vehicles have the
ability to switch manually or automatically from gasoline
or diesel to the other fuel.
[0004] Adiesel engine isacompression ignitionengine
and has no spark plug. To run a diesel engine on an
alternative fuel source such as natural gas, a dual-fuel
system is used. Dual-fuel operation means that the en-
gine uses two fuels (gas and diesel) simultaneously, as
opposed to bi-fuel, which means that the engine has the
option of using one of the two fuels separately.
[0005] WO 2022 247290 A1 discloses a dual-fuel and
multi-fuel internal combustion power device.
[0006] CN114991952Adescribesan internal combus-
tion engine fuel supply and discloses a dual-fuel supply
system. The dual-fuel supply system comprises a cylin-
der, a hydrogen supply system, an ammonia supply
system, an exhaust gas recirculation system, an air
supply system, and an electronic control unit. The hydro-
gen supply system communicates with the air cylinder
and comprises a hydrogen cylinder assembly and a
hydrogen heat exchanger which communicate with each
other. The electronic control unit is used for sending
instructions to theair supply system, thehydrogensupply
system, and the ammonia supply system.
[0007] Presently known solutions often come with a
complex system,wherein eachandevery technical detail
is specifically adapted for predetermined requirements
and for optimizing the output.
[0008] Therefore, there is a need for simplifying com-
bustion engines that can be run on a plurality of fuels, in
particular, that can be run by a mixture of different fuels,
wherein the application of such operating principle shall
be extended.
[0009] Such problem is solved by a combustion engine
system according to claim 1, by a combustion engine a
retrofit system according to claim 11, and/or by amethod
for retrofittinga combustionengineaccording to claim14.
Further embodiments of the invention are described in
the dependent claims.
[0010] According to an aspect of the invention a com-
bustion engine system is disclosed. The combustion
engine system comprises a retrofit system for retrofitting
a combustion engine, a combustion engine, and an en-
gine control arrangement for controlling the main fuel

provision arrangement and/or the additional fuel provi-
sion arrangement. The combustion engine comprises a
combustion chamber, an inlet channel connected to the
combustion chamber, and amain fuel provision arrange-
ment. Themain fuel provision arrangement is connected
to the inlet channel and/or to the combustion chamber
such that a main fuel can be provided into the inlet
channel and/or into the combustion chamber for the
purpose of combustion. If the combustion engine in-
cludes a pre-combustion chamber the term "combustion
chamber"mayalso include thepre-combustion chamber.
[0011] The combustion engine may be a reciprocating
combustion engine with internal combustion, and in par-
ticular therefore having a piston which transforms ex-
panding combustion gases into a translational move-
ment,which subsequently is transformed into a rotational
movement by the use of a crankshaft. The combustion
enginemayalsobeaWankel combustion engine,where-
in a rotating combustion and working secondary volume
is reciprocating in its absolute size.
[0012] According to the invention, the combustion en-
gine is having a receiving arrangement located in a
housing of the combustion engine. The retrofit system
comprises an additional fuel provision arrangement
which can be arranged by retrofitting into the receiving
arrangement. The additional fuel provision arrangement
is configured for providing an additional fuel into the inlet
channel and/or into the combustion chamber. For exam-
ple, by this, the combustion engine is enabled to run on
dual-fuel, firstly by the main fuel, and additionally by the
additional fuel.
[0013] According to an embodiment, the combustion
engine is already equipped/adapted to be operated by a
plurality of fuel types, in particular according to adual-fuel
and/or bi-fuel configuration. For example, the combus-
tion engine is configured to combust petrol and natural
gas. When retrofitting such combustion engine with the
additional fuel provision arrangement, the original com-
bustible configuration, in this case petrol and natural gas,
is understood as being the "main fuel" provided by the
main fuel provisionarrangement, regardless if this typeof
main fuel may comprise two different types of combus-
tible. For example in this case, the retrofitted combustion
engine would be a tri-fuel combustion engine.
[0014] The additional fuel is different from the main
fuel, or from the types of fuels being originally used by the
combustion engine. Preferably, themain fuel is crude oil,
heavy fuel oil, marine fuel oil, bunker fuel, furnace oil, gas
and oil, heating oil, diesel fuel, or gasoline and similar.
The combustion of the additional fuel is more environ-
ment-friendly than of the main fuel. That means, when
combusted in the combustion engine under normal op-
erating conditions (e.g. the combustion engine is having
its operating temperature) the combustion of the main
fuel relatively results inahigher numberof pollutants than
the combustion of the additional fuel. Preferably, the
additional fuel is hydrogen.
[0015] The expression "housing of the combustion
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engine" may include not only a physical housing of a
motor block of the combustion engine but also a housing
of the inlet channel or further elements of the combustion
engine. Mentioned term may in particular form a bound-
ary between an environment of the combustion engine
and an internal combustion pathway of the combustion
engine. The internal combustion pathwaymay includean
air filter, and intercooler, air ducts, a compressor, the
combustion chamber, an exhaust channel, a turbochar-
ger, a turbine of a turbocharger, and/or a silencer.
[0016] According to an embodiment, the receiving ar-
rangement comprises an original opening in the housing
of the combustion engine. The original opening forms a
physical pathway between an environment of the com-
bustion engine into the inlet channel and/or in the com-
bustion chamber.
[0017] Specifically, the original opening is originally
formed into the housing of the combustion engine during
an original manufacturing process. That means, the ori-
ginal opening at least partially forming the receiving ar-
rangementwasalways in thecombustionenginesince its
manufacturing and has not been manufactured-in into
the housing after the finalization of the production of the
combustion engine. For example, the original opening is
originally arranged in the housing for a specific purpose
for example for receiving a glow plaque, spark plug, a
temperature measuring device, a pressure measuring
device, and/or an optical detection, etc.
[0018] Furthermore, the precedingly described speci-
fication of the original opening may include that the
original opening is originally pre-formed into the housing
of the combustion engine during an original manufactur-
ing process. In this case the pre-formed original opening
is only prepared but not finalized during the original
manufacturing process. The pre-formed opening was
always in the combustion engine since its manufacturing
and has not been manufactured-in into the housing after
the finalization of the production of the combustion en-
gine. However, for realizing the opening, the original pre-
manufactured opening is to be drilled-in ormanufactured
otherwise. For example, the pre-manufactured but ori-
ginally closed original opening is originally arranged in
the housing for a later specific purpose for example for
receiving a temperature measuring device, a pressure
measuring device, and/or an optical detection, etc.
[0019] According to an embodiment, the receiving ar-
rangement of the combustion engine is arranged in a
cylinder-head of the combustion engine.
[0020] According to anembodiment, the additional fuel
provision arrangement is configured such that an inter-
face between the additional fuel provision arrangement
and the receiving arrangement is airtight. That means,
the additional fuel provision arrangement fits in an airtight
and completely off-sealing manner into the receiving
arrangement, possibly with the help of sealing elements.
[0021] Furthermore, the airtight configuration of the
interface between the additional fuel provision arrange-
ment and the receiving arrangement is/are configured

such that no unwanted additional air can enter the com-
bustion pathway by the receiving arrangement.
[0022] By this, exclusively the additional fuel or a mix-
ture of the additional fuel with oxygen containing air can
be provided from the additional fuel provision arrange-
ment into the inlet channel and/or into the combustion
chamber via the receiving arrangement. As a result, a
combustion engine system partially formed by the retrofit
system and the combustion engine, can operate on dual-
fuel or multi-fuel. The main fuel is provided according to
the original configuration of the combustion engine, for
example by injectors injecting the main fuel into the inlet
channel and/or into the combustion chamber. The addi-
tional fuel is exclusively provided via the original opening
of the receiving arrangement by the additional fuel provi-
sion arrangement.
[0023] According to anembodiment, the additional fuel
provision arrangement comprises pressuring means
(e.g. pump) for pressuring the additional fuel. This is
for example beneficial if the additional fuel is provided
into compressed air within the cylinder during a compres-
sion stroke.
[0024] According to anembodiment, the additional fuel
provision arrangement may include a so-called pump-
injector.
[0025] According to an embodiment, the combustion
engine is originally manufactured as a single-fuel-type
combustion engine that is adapted to only run on one
single fuel. This original combustion engine is not
equipped to provide a plurality of types of fuels into the
combustion chamber.
[0026] Byapplying the teaching according to oneof the
preceding embodiments it is achieved for the first time to
obtain a dual-fuel combustion engine out of a single-fuel
combustion engine, specifically by applying the retrofit
system to the combustion engine. By this, a combustion
engine system is obtained which has a high flexibility of
application, wherein the operation of the combustion
engine system can be aligned according to external
requirements and/or to an availability of fuels. For exam-
ple, the combustion engine system can be operated in a
dual-fuel mode if certain environmental regulations re-
quire a reduced exhaust pollution. For example, if the
combustion engine system is arranged in a ship, the
combustion engine can be operated by using two differ-
ent fuels when being close to a harbor or in an area with
more strict pollution regulations. The combustion of the
main fuel results relatively in a higher pollution, wherein
the additional fuel is a low or non-pollution combustible,
for example such as hydrogen.
[0027] Additionally and/or alternatively, the teaching
according to one of the preceding embodiments enables
the beneficial effect that combustion engines having an
original opening can be easily retrofitted and/or updated
with an optimized and eco-friendly combustion system
without interfering with an original structure of the com-
bustionengine.By this, it is omitted that anoriginal design
structure of combustion engine is weakened by adding

5

10

15

20

25

30

35

40

45

50

55



4

5 EP 4 488 501 A1 6

an additional and new opening into the housing of the
combustion engine. Surprisingly, it was found out that the
original opening can be used for this optimization.
[0028] When retrofitting the combustion engine it is
explicitly omitted to subsequently manufacturing an ad-
ditional opening into the housing of the combustion en-
gine since the original opening of the receiving arrange-
ment of the combustion engine is used for applying the
additional fuel provision arrangement.
[0029] Additionally and/or alternatively, the teaching
according to one of the preceding embodiments enables
the beneficial effect that green fuel application in com-
bustion engines is promoted, specifically in originally
non-green-fuel designed combustion engines, such as
such ship engines.
[0030] Additionally, the teaching according to one of
the preceding embodiments enables a widespread ap-
plication of the dual/multi-fuel combustion in combustion
engines by retrofitting a single-fuel combustion engine
into a dual-fuel combustion engine. For example, it is
possible to retrofit ships having a single-fuel combustion
engine, in particular operated with a main fuel as pre-
cedingly described.
[0031] It is to be noted that according to the invention
the additional fuel is simultaneously combusted with the
main fuel in the combustion chamber. Preferably, this
must not necessarily be understood that the main fuel
and the additional fuel are combusted exactly simulta-
neously in the very same moment, but the different fuels
can be combusted subsequently and/or timely overlap-
ping, but more preferably are combusted in the same
working stroke of the of the combustion engine.
[0032] According toanembodiment, the retrofit system
comprises an additional engine control device. This ad-
ditional engine control device is adapted and equipped
such that anoperational status of the combustion engine,
in particular the rotational speed and the rotational posi-
tion of the crankshaft, and/or the translational position of
the piston can be determined. For example, the addi-
tional engine control device is equipped and/or con-
nectedwith a rotationposition sensor, in particular having
ahigh resolution. For example, the term "high-resolution"
is to be understood as that the rotation position sensor
provides at least 5 pulses per 360°-rotation, in particular
more than 10 pulses per rotation, preferredmore than 50
pulses per rotation, even further preferred at least 180
portals per rotation, particularly further preferred at least
360 portals per rotation. By this, the additional engine
control device is well aware of the specific operation
condition of the combustion engine. Furthermore, the
additional engine control device is configured to use
the information about the operational status of the com-
bustion engine such that a predetermined amount of
additional fuel can be provided to the inlet channel and/or
into the combustion chamber. The term "amount of addi-
tional fuel" shall be understood as referring to an amount
of energy additionally [Joules (mass of amount by ca-
lorific value)] provided to the combustion engine.

[0033] By this, the additional fuel can be added during
operation of the combustion engine. Preferably, a main
engine control device, and/or an engine control arrange-
ment is configured such, that an amount of main fuel
which is provided into the combustion chamber is re-
duced when a specific amount of additional fuel is ad-
ditionally provided. For example, themain engine control
device and/or the engine control arrangement is adapted
to detect an increase of a rotational speed and/or torque
due to the additional fuel combusted in the combustion
chamber, and consequently the main engine control
device and/or engine control arrangement reduces the
amount of main fuel in order tomaintain a specific opera-
tional status of the combustion engine, and vice versa.
Furthermore, inparticular, themainengine control device
and the additional engine control device are configured
not to communicatewith each other. In particular, there is
no data transmission between the main engine control
device and the additional engine control device. The
consequence of adding the additional fuel into the com-
bustion chamber is detected by the main engine control
device and/or by the engine control arrangement solely
and exclusively by a change of operation of the combus-
tion engine, in particular by a change of rotational speed
and/or torque.
[0034] In other words, the combustion engine and the
retrofit system are jointly forming the combustion engine
system, but are - at least control-wise, - independent
and/or non‑/dis‑/connected from each other. The main
engine control device and/or the engine control arrange-
ment of the combustionengine is/are configured toadjust
an amount of main fuel in dependency of an amount of
additional fuel provided into the combustion chamber.
This results in a non-complex and easy solution to be
retrofitted, since control entities/control devices of the
original combustion engine are not required to be
adapted or manipulated. But simply the retrofit system
is applied to the original combustion engine and thereby
forming the improved combustion engine system.
[0035] According to an additional and/or alternative
aspect of the invention, a retrofit system for retrofitting
a combustion engine for forming a combustion engine
system is disclosed. The combustion engine systemmay
be embodied according to an embodiment as previously
discussed, may comprise a combustion engine as pre-
viouslydiscussed, andanenginecontrol arrangement for
controlling the main fuel provision arrangement and/or
the additional fuel provision arrangement. Positive per-
formance and benefits are achieved mutatis mutandis.
Also, details of embodiments as previously described are
therefore explicitly disclosed in the context of the aspect
of the retrofit system. According to the aspect, the addi-
tional fuel provision arrangement is mounted by retro-
fitting into the receiving arrangement of the combustion
engine. Accordingly, the originally existing receiving ar-
rangement is re-used for carrying/supporting/housing
the additional fuel provision system. This may also in-
clude the embodiment, wherein the opening of the re-
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ceiving arrangement is pre-manufactured.
[0036] According to an embodiment of this aspect, the
receiving arrangement comprises an original opening in
the housing and/or the pre-manufactured opening as
precedingly described. The original opening forms a
physical pathway between an environment of the com-
bustion engine into the inlet channel and/or into the
combustion chamber, wherein the original opening is
originally formed ore pre-formed into the housing during
an original manufacturing process of the combustion
engine and is not subsequently manufactured into the
housing after the original manufacturing process was
finalized. Further details of disclosure regarding the re-
ceiving arrangement are disclosed in the description
supra of the preceding embodiment of the retrofit system.
[0037] According to an embodiment, the receiving ar-
rangement of the combustion engine is arranged in a
cylinder-head of the combustion engine.
[0038] According toanembodiment, theenginecontrol
arrangement comprises a main engine control device,
and an additional engine control device, wherein the
main engine control device is configured for detecting
an operational status of the combustion engine and for
controlling themain fuel provision arrangement such that
a predetermined amount of main fuel is provided to the
inlet channel and/or into the combustion chamber, and
wherein the additional engine control device is config-
ured for detecting an operational status of the combus-
tion engine and for controlling the additional fuel provi-
sion arrangement such that a predetermined amount of
additional fuel is provided into the inlet channel and/or
into the combustion chamber.
[0039] According to an embodiment, the additional
engine control device is physically separate from the
main engine control device, wherein the main engine
control device is anoriginal part of the combustionengine
and is provided originally in the process ofmanufacturing
the combustion engine, and wherein the additional en-
gine control arrangement is apart of the retrofit system. In
particular, thementionedengine control arrangement is a
conceptual, non-physical control instancecomprising the
main engine control device and the additional engine
control device, wherein the engine control arrangement
is formed by the retrofitting process of the combustion
engine, in particular by applying the main engine control
device of the combustion engine and the additional en-
gine control device of the retrofit system together for
obtaining the combustion engine system.
[0040] According to an embodiment, the additional
engine control device is configured for detecting the
operational status such that a precise information of a
current rotation position of the combustion engine is
determined.
[0041] According toanembodiment, theenginecontrol
arrangement and/or the additional engine control device
is configured such that a predetermined amount of addi-
tional fuel is provided into the combustion chamber prior
to a 0°-position of a piston of the combustion engine.

Additionally oralternatively, thepredeterminedamount of
additional fuel is provided during an ongoing combustion
of the main fuel in the combustion chamber, and/or,
essentially after a combustion of the main fuel in the
combustion chamber.
[0042] According to a preferred solution, the engine
control arrangement and/or the additional engine control
device is/are configured such that a timing of a prede-
termined amount and/or the predetermined amount per
se of additional fuel is provided into the combustion
chamber can be adjusted, in particular in dependency
of an operational status of the combustion engine.
[0043] According toanembodiment, theenginecontrol
arrangement or the additional engine control device
is/are configured that firstly an amount of additional fuel
to be provided into the combustion chamber is below a
certain additional-fuel-limit, and that secondly an amount
of the main fuel to be provided into the combustion
chamber exceeds a so called self-ignition-limit. By firstly
limiting the amount of additional fuel, and secondly by
ensuring a minimum-self-ignition-quantity of the main
fuel that an ignition (of the main fuel) within the combus-
tion chamber can be self-initiated by environmental con-
ditions (heat, pressure). For example, to initiate the self-
ignition no glow plugs, or spark plug is required.
[0044] According toanembodiment, theenginecontrol
arrangement and/or the additional engine control device
is/are configured such that an amount of additional fuel to
be provided into the combustion chamber does not ex-
ceed to a predetermined portion of an amount of fuel
required by the combustion engine at the detected op-
erational status. In order to obtain this, the additional
engine control device may have operational data of the
combustion engine, wherein amaximumamount ormax-
imumportionof additional fuel is determined.Additionally
or alternatively, the amount of additional fuel is deter-
mined by detecting of a minimal fuel rack position of the
combustion engine.
[0045] According toanembodiment, theenginecontrol
arrangementand/or themainenginecontrol device is/are
configured for reducing an amount of main fuel to be
provided into the combustion chamber for maintaining
the detected operational status of the combustion engine
in case of an additional provision of additional fuel. For
example, the engine control arrangement and/or the
main control device have a control logic for maintaining
an operational status of the combustion engine, wherein
no communication to the additional engine control device
is required and no specific information about an amount
of provided additional fuel is required. Preferably, the
main engine control device and the additional engine
control device work independently from each other,
wherein a maximum amount of additional fuel is known
by the additional engine control device for a majority of
operational status of the combustion engine. In particular
that means, the engine control arrangement and/or the
main engine control device is/are configured such, when
a certain amount of additional fuel is provided into the
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combustion chamber, that an amount of main fuel to be
provided into the combustion chamber is reduced in
order to maintain the detected operational status of the
combustion engine, in particular to maintain a detected
output power, rotational speed, and/or torque generated
by the combustion engine.
[0046] According toanembodiment, theenginecontrol
arrangement and/or the additional engine control device
is/are configured that an amount of additional fuel is only
provided into the combustion chamber if a current output
power of the combustion engine does not exceed 95%,
preferably does not exceed 90%, more preferably does
not exceed 80%, in particular more preferably does not
exceed 70% of a maximum output power of the combus-
tion engine. By this it is achieved to mitigate a negative
effect on the maximum output power of the combustion
engine if the additional fuel having a lower gross caloric
value or heating value than the main fuel. Preferably, the
engine control arrangement and/or the additional engine
control device is configured such that the relative amount
of additional fuel is consequently reduced if the output
power of the combustion engine is increased and in
particular is pushing towardand/or reaching itsmaximum
output.
[0047] According toanembodiment, theenginecontrol
arrangement and/or the additional engine control is/are
configured such that the relative amount of additional fuel
is dependent on the required output power of the com-
bustion engine.
[0048] According toanembodiment, theenginecontrol
arrangement and/or the additional engine control is/are
configured such that a maximum efficient point control is
established for determining a maximum efficiency of the
combustion engine system.
[0049] According toanembodiment, theenginecontrol
arrangement and/or the additional engine control is/are
configured such that knocking (pre-ignition) of the fuel
combustion is prevented.
[0050] According to an embodiment, the combustion
engine system is equipped with means for detecting a
position of a fuel rack of the combustion engine, thus it
can be detected and used for controlling the amount of
provided additional fuel.
[0051] According to an embodiment, the combustion
engine system incorporates common rail injection of the
main fuel or uses a fuel pump-injector.
[0052] According to an embodiment, the combustion
engine is a combustion engine of a ship.
[0053] According to an embodiment, the combustion
engine applies a use of a spark plug or an electric ignition
method.
[0054] As an additional or alternative aspect of the
invention, amethod for retrofitting an internal combustion
engine is described. Themethod comprises the following
steps:

providing the combustion engine. The combustion
engine is configured according to at least one of the

precedingly described embodiments;

providingand/or opening the receivingarrangement;

providing a retrofit system comprising an additional
fuel provision arrangement configured for providing
anadditional fuel into the inlet channel and/or into the
combustion chamber. In particular, the retrofit sys-
tem can be configured according to one of the pre-
cedingly described embodiments;

mounting the additional fuel provision arrangement
to the receiving arrangement in particular such that
an interface between the additional fuel provision
arrangement and the receiving arrangement is air-
tight, and in particular that exclusively the additional
fuel or a mixture of the additional fuel with oxygen
containing air can be provided from the additional
fuel provision arrangement into the inlet channel
and/or into thecombustionchambervia the receiving
arrangement;

optionally: providing an additional engine control
device such, and connecting the additional engine
control device to the combustion engine such, that
an operational status of the combustion engine (20)
can be detected by the additional engine control
device.

[0055] Byapplying the steps of the describedmethoda
combustion engine system, in particular according to one
of the preceding embodiments thereof, can be created.
[0056] The method steps described before can be
carried out, if technically reasonable, individually, to-
gether, singly, repeatedly, temporally in parallel and/or
sequentially in any order.
[0057] It has to be noted that embodiments of the
invention have been describedwith reference to different
subject matters. In particular, some embodiments have
been described with reference to apparatus type claims
whereas other embodiments have been described with
reference to method type claims. However, a person
skilled in the art will gather from the above and the
following description that, unless other notified, in addi-
tion to any combination of features belonging to one type
of subject matter also any combination between features
relating to different subject matters, in particular between
features of the apparatus type claims and features of the
method type claims is considered as to be disclosed with
this application.
[0058] Further measures improving the invention will
be apparent from the following description of some em-
bodiments of the invention, which are shown schemati-
cally in the figures. All features and/or advantagesarising
from the claims, the description, or the drawings, includ-
ing constructional details, spatial arrangements, and
process steps, may be essential to the invention both
individually and in the various combinations. It should be
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noted that the figures are descriptive only and are not
intended to limit the invention in any way.
[0059] At least one embodiment of the inventionwill be
explained in more detail with reference to the following
drawings. In the following figures, identical reference
signs are used for the same technical features even of
different embodiments.

Fig. 1 shows a combustion engine system according
to a first embodiment, and

Fig. 2 depicts a combustion engine system accord-
ing to a second embodiment.

[0060] In Fig. 1 a first embodiment of a combustion
engine system 10 is presented. The combustion engine
system 10 comprises a combustion engine 20 and a
retrofit system 1.
[0061] The combustion engine 20 is arranged in an
environment 21 of the combustion engine 20 and is, at
least to the specific embodiment, of a reciprocating en-
gine type having internal combustion. Specifically, a pis-
ton 31 together with cylinder walls of the combustion
engine 20 delimits a combustion chamber 27, wherein
the combustion chamber 27 can be filled by the help of
valves with air, wherein a main fuel is provided into the
combustion chamber 27with the help of fuel injectors 30.
The combustion engine 20 has a housing 24. Fuel in-
jectors 30 are fed by a central fuel pump 33 of the
combustion engine 20. The central fuel pump 33 and
the fuel injectors 30 may be referred to as main fuel
provision arrangement 22. The amount of main fuel in-
jected into the combustion chamber 27 is controlled by a
main engine control device 23. A fuel rack 29 is provided
with the main fuel provision arrangement 22.
[0062] The retrofit system 1 is at least formed by an
additional fuel provision arrangement 2 and an additional
engine control device 3, which are both connected for
communication and control purposes. The additional
enginecontrol device3 is configured tocontrol anamount
of additional fuel provided by the additional fuel provision
arrangement 2 into the combustion chamber 27.
[0063] In Fig. 1 only one the additional fuel provision
arrangement 2 is shown in order not to overload the
figure; however, such additional fuel provision arrange-
ment 2 is provided to each of the cylinders of the com-
bustion engine 20. The additional fuel provision arrange-
ment 2 is connected to an additional fuel tank 5 and is
arranged directly at the housing 24 of the combustion
engine 20 for injecting/providing an additional fuel into
the non-shown combustion chamber of the third cylinder
of the combustion engine 20. For this purpose, the addi-
tional fuel provision arrangement 2 is mounted in a re-
ceiving arrangement 25, which for example is an original
opening 26 or a pre-manufactured opening of the com-
bustion engine 20. For example, the original opening 26
is an inspection opening originally provided in the hous-
ing 24 of the combustion engine 20 for applying an

inspection sensor right to the combustion chamber 27.
[0064] In this case, the additional fuel provision ar-
rangement 2 may include pressuring means (e.g. pump)
for pressuring the additional fuel. This is for example
beneficial if the additional fuel is provided into com-
pressed air within the cylinder during a compression
stroke.
[0065] The additional fuel provision arrangement 2 is
mounted such into the opening 26 of the receiving ar-
rangement 25 that an interface between the additional
fuel provision arrangement 2 and the receiving arrange-
ment 25 is airtight. That means, the additional fuel provi-
sion 2 arrangement fits in an airtight and completely off-
sealing manner in the receiving arrangement 25.
[0066] The combustion engine 20 can be operated
according to two operation modes. First, single-fuel
mode, wherein exclusively the main fuel is used and
the main fuel provision arrangement 22 is activated. A
main engine control device 23 is detecting the rotational
speed and position of the combustion engine 20 with the
help of a main rotation detection device 32. Hence, the
rotational speed is controlled by the main engine control
device 23, while the additional fuel provision arrange-
ment 2 and the additional engine control device 3 are
inactive.
[0067] When switching the operation of the combus-
tionenginesystem10 intoadual-fuelmode theadditional
fuel provision arrangement 2 and the additional engine
control device 3 are activated. Then, depending on the
current operational status of the combustion engine 20,
the additional engine control device 3 controls the addi-
tional fuel provision arrangement 2 such that a predeter-
mined amount of additional fuel is provided into the
combustion chamber 27 of the combustion engine 20.
Initially, this results in an increased availability of com-
bustible within the combustion chamber 27. As a con-
sequence, the power output (rotational speed, torque) of
the combustion engine 20 is increasing. This increase is
detected by the main engine control device 23 which
subsequently exercises control onto the main fuel provi-
sion system 22 such that the amount of provided main
fuel is reduced. The reduction of main fuel is determined
and executed such that the operational status (rotational
speed, torque)of thecombustionengine20 ismaintained
with respect to the single fuelmode (andvice versa). That
means, the amount of main fuel is reduced in depen-
dency of the amount of additional fuel provided. In parti-
cular, this control cycle does not require an information
exchange between the main engine control device 23
and the additional engine control device 3but is executed
by detecting consequences of the additional fuel avail-
ability in the combustion chamber 27.
[0068] Fig. 2 shows an alternative embodiment of the
combustion engine system 10. The main difference here
with respect to the first embodiment of the combustion
engine system 10 is that the additional fuel provision
arrangement 2 is mounted to a receiving arrangement
25 located in a structure of the inlet channel 28. Thus, the
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additional fuel is provided into the inlet air present in the
inlet channel 28. All further details of the second embodi-
ment are similar or even identical to the previously dis-
closed first embodiment.

Reference numbers

[0069]

1 retrofit system
2 additional fuel provision arrangement
3 additional engine control device
4 additional rotation detection device
5 additional fuel tank

10 combustion engine system

20 combustion engine
21 environment of the combustion engine
22 main fuel provision arrangement
23 main engine control device
24 housing
25 receiving arrangement
26 original opening
27 combustion chamber
28 inlet channel
29 fuel rack
30 a fuel injector
31 piston
32 main rotation detection device

Claims

1. Acombustion engine system (10) comprising a com-
bustion engine (20), a retrofit system (1) being retro-
fitted to the combustion engine (20), and an engine
control arrangement,

wherein the combustion engine (20) comprises
a combustion chamber (27), an inlet channel
(28) connected to the combustion chamber
(27), a main fuel provision arrangement (22)
connected to the inlet channel (28) and/or to
the combustion chamber (27) and configured
for providing a main fuel into the inlet channel
(28) and/or into the combustion chamber (27),
and a receiving arrangement (25) arranged in a
housing (24) of the combustion engine (20),
wherein the receiving arrangement (25) com-
prises an original opening (26) in the housing
(24), the original opening (26) is originally
formed into the housing (24) during an original
manufacturing process of the combustion en-
gine (20) and is not subsequently manufactured
into the housing (24) after the original manufac-
turing process was finalized, the original open-
ing (26) is forming a physical pathway between
an environment (21) of the combustion engine

(20) into the combustion chamber (27),
wherein the retrofit system (1) comprises an
additional fuel provision arrangement (2),

which is configured for providing an addi-
tional fuel into the combustion chamber
(27), and
wherein the additional fuel provision ar-
rangement (2) is mounted by retrofitting to
the receivingarrangement (25), in particular
to the original opening (26), of the combus-
tion engine (20), and

wherein the engine control arrangement is con-
figured for controlling the main fuel provision
arrangement (22) and/or the additional fuel pro-
vision arrangement (2).

2. The combustion engine systemaccording to claim1,
wherein the original opening (26) is originally con-
figured for receiving a glow plug, a measuring de-
vice, and/or a monitoring device.

3. The combustion engine system according to claim 1
or 2, wherein the additional fuel provision arrange-
ment (2) and the receiving arrangement (25) are
configured such that an interface between the addi-
tional fuel provision arrangement (20) and the origi-
nal opening original opening (26) is airtight, and that
exclusively the additional fuel can be provided from
the additional fuel provision arrangement (2) into the
combustion chamber (27) via the original opening
(26).

4. The combustion engine system according to any of
the preceding claims,

wherein the engine control arrangement com-
prises amain engine control device (23), and an
additional engine control device (3),
wherein the main engine control device (23) is
configured for detecting an operational status of
the combustion engine (20) and for controlling
the main fuel provision arrangement (22) such
that a predetermined amount of main fuel is
provided to the inlet channel (28) and/or into
the combustion chamber (27), and
wherein the additional engine control device (3)
is configured for detecting an operational status
of the combustion engine (20) and for controlling
the additional fuel provision arrangement (2)
such that a predetermined amount of additional
fuel is provided into the combustion chamber
(27).

5. The combustion engine systemaccording to claim4,

wherein the additional engine control device (3)
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is physically separate from the main engine
control device (23),
wherein the main engine control device (23) is
an original part of the combustion engine (20)
and is provided originally in the process of man-
ufacturing the combustion engine (20), and
wherein the additional engine control arrange-
ment (3) is a part of the retrofit system (1).

6. The combustion engine system according to claim 4
or 5, wherein the additional engine control device (3)
is configured for detecting the operational status
such that a precise information of a current rotation
position of the combustion engine (20) is deter-
mined.

7. The combustion engine system according to any of
the preceding claims, wherein the engine control
arrangement and/or the additional engine control
device (3) is configured such,
that a predetermined amount of additional fuel is
provided into the combustion chamber (20) prior to
a 0°-position of a piston of the combustion engine
(20), during an ongoing combustion of the main fuel
in the combustion chamber (27), and/or, essentially
after a combustion of themain fuel in the combustion
chamber (27), and/or that a timing of a predeter-
mined amount of additional fuel is provided into
the combustion chamber (20) can be adjusted, in
particular in dependency of an operational status of
the combustion engine (20).

8. The combustion engine system according to any of
the preceding claims, wherein the engine control
arrangement, the main engine control device (23),
and/or the additional engine control device (3) is
configured that

an amount of additional fuel to be provided into
the combustion chamber (27) is limited such,
and
that an amount of the main fuel to be provided
into the combustion chamber (27) exceeds a
minimum limit such,
that an ignition of combustible within the com-
bustion chamber (27) is self-initiated by envir-
onmental conditions in the combustion chamber
(27), in particular without the support of a glow
plug or a spark plug.

9. The combustion engine system according to any of
the preceding claims,

wherein the engine control arrangement and/or
the additional engine control device (3) is/are
configuredsuch that anamountof additional fuel
tobeprovided into the combustion chamber (27)
does not exceed a predetermined portion of an

amount of fuel required by the combustion en-
gine (20) at the detected operational status an-
d/or is determined by detecting of a minimal fuel
rack position of the combustion engine (20),
and/or
wherein the engine control arrangement and/or
the main engine control device (23) is/are con-
figured such, when an amount of additional fuel
is provided into the combustion chamber (27),
that an amount of main fuel to be provided into
thecombustionchamber (27) is reduced inorder
to maintain the detected operational status of
the combustion engine (20), in particular to
maintain a detected output power, rotational
speed, and/or torque generated by the combus-
tion engine (20).

10. The combustion engine system (10) according to
any of the preceding claims, wherein the engine
control arrangement and/or the additional engine
control device (3) is configured that an amount of
additional fuel is only provided into the combustion
chamber (27) if a current output power of the com-
bustionengine (20)doesnot exceed95%,preferably
does not exceed 90%, more preferably does not
exceed 80%, in particular more preferably does
not exceed 70% of a maximum output power of
the combustion engine (20).

11. A retrofit system (1) for retrofitting a combustion
engine (20), wherein the combustion engine (20)
comprises

a combustion chamber (27), an inlet channel
(28) connected to the combustion chamber
(27), a main fuel provision arrangement (22)
connected to the inlet channel (28) and/or to
the combustion chamber (27), and configured
for providing a main fuel into the inlet channel
(28) and/or into the combustion chamber (27),
and a receiving arrangement (25) arranged in a
housing (24) of the combustion engine (20),
wherein the receiving arrangement (25) com-
prises an original opening (26) in the housing
(24), wherein the original opening (26) forms a
physical pathway between an environment (21)
of the combustion engine (20) into the combus-
tion chamber (27), wherein the original opening
(26) is originally formed into the housing (24)
during an original manufacturing process of the
combustion engine (20) and is not subsequently
manufactured into the housing (24) after the
original manufacturing process was finalized,
in particular wherein the original opening (26)
is originally configured for receiving a glow plug,
ameasuring device, and/or amonitoring device,
wherein the retrofit system (1) comprises an
additional fuel provision arrangement (2) con-
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figured

for providing an additional fuel into the com-
bustion chamber (27), and
for being arranged by retrofitting to the re-
ceiving arrangement (25) of the combustion
engine (20).

12. The retrofit system (1) according to claim 11, com-
prising an additional engine control device (3) con-
figured for detecting an operational status of the
combustion engine (20) and for controlling the addi-
tional fuel provision arrangement (2) such that a
predetermined amount of additional fuel can be pro-
vided into the combustion chamber (27).

13. The retrofit system(1) according to claim12,wherein
the additional fuel provision arrangement (2) is con-
figured such that an interface between the additional
fuel provision arrangement (2) and the original open-
ing (26) is airtight, and that exclusively the additional
fuel or a mixture of the additional fuel with oxygen
containing air can be provided from the additional
fuel provision arrangement (2) into the combustion
chamber (27) via the original opening (26).

14. A Method for retrofitting an internal combustion en-
gine (20) comprising the steps of:

providinga combustion engine (20),wherein the
combustion engine (20) comprises
a combustion chamber (27), an inlet channel
(28) connected to the combustion chamber
(27), a main fuel provision arrangement (22)
connected to the inlet channel (28) and/or to
the combustion chamber (27), and configured
for providing a main fuel into the inlet channel
(28) and/or into the combustion chamber (27),
and a receiving arrangement (25) arranged in a
housing (24) of the combustion engine (20);
providing and/or opening the receiving arrange-
ment (25);
providing a retrofit system (1) comprising an
additional fuel provision arrangement (2) con-
figured for providing an additional fuel into the
combustion chamber (27);
mounting the additional fuel provision arrange-
ment (2) to the receiving arrangement (25), in
particular such that an interface between the
additional fuel provision arrangement (2) and
the original opening (26) is airtight, and in parti-
cular that exclusively the additional fuel or a
mixture of the additional fuel with oxygen con-
taining air can be provided from the additional
fuel provision arrangement (2) into the combus-
tion chamber (27) via the original opening (26);
and
in particular comprising the steps of providingan

additional engine control device (3) such, and
connecting the additional engine control device
(3) to the combustion engine (20) such, that an
operational statusof the combustionengine (20)
can be detected by the additional engine control
device (3).

15. The method according to claim 14,

wherein the method comprises omitting subse-
quently manufacturing the original opening (26)
into the housing (24) after an original manufac-
turing process of the combustion engine (20)
was finalized, in particular wherein the original
opening (26) is originally configured for receiv-
ing a glow plug, a measuring device, and/or a
monitoring device, and/or
wherein the method does not comprise subse-
quently manufacturing the original opening (26)
into the housing (24) after an original manufac-
turing process of the combustion engine (20)
was finalized, in particular wherein the original
opening (26) is originally configured for receiv-
ing a glow plug, a measuring device, and/or a
monitoring device, and/or
wherein the method comprises originally man-
ufacturing the original opening (26) into the
housing (24) exclusively during an original man-
ufacturing process of the combustion engine
(20), in particular wherein the original opening
(26) is originally configured for receiving a glow
plug, a measuring device, and/or a monitoring
device.
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