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(54) Heating system for an internal combustion engine

(57) The present disclosure refers to a device and
method for operating an internal combustion engine. The
internal combustion engine may be configured to be op-
erated in an operation mode in which fuel of a specific
type injected into at least one combustion chamber, and
in a standby mode in which no fuel is burned in the at
least one combustion chamber. The method may com-
prise the steps of circulating heated fuel during the stand-
by mode of the internal combustion engine and circulat-

ing lube oil (35,40,50,60,70) during the standby mode of
the internal combustion engine. Thermal energy may be
transferred in a heat exchanger (25) from said circulating
heated fuel (20,30) to said circulating lube oil
(35,40,50,60,70), such that said lube oil is heated thereby
during the standby mode of the internal combustion en-
gine. Said circulating heated lube oil may be supplied to
the at least one injector (15) for heating purposes during
the standby mode of the internal combustion engine.
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Description

Technical Field

[0001] The present disclosure generally refers to inter-
nal combustion engines configured to bum fuel of a spe-
cific type, e.g. heavy fuel oil. More specifically, the
present disclosure refers to internal combustion engines
configured to operate in an operating mode in which said
fuel is burned, and a standby mode in which no fuel is
burned, wherein switching from the standby mode into
the operation mode may be performed without burning
any other fuel than said fuel, for example heavy fuel oil.
[0002] Furthermore, the present disclosure refers to a
heating system to be used at or together with an internal
combustion engine of the type mentioned herein, and, in
addition, to a method for operating an internal combus-
tion engine of the type mentioned herein.

Background

[0003] Internal combustion engines, e.g. common rail
engines and, in particular, medium-speed common rail
engines, may be configured to operate with a specific
type of fuel having a relatively high viscosity. The types
of fuel include, for example, diesel oil (DO), marine diesel
oil (MDO), and particularly heavy fuel oil (HFO), as ex-
emplary shown in Fig. 4. When supplied to the engine
for combustion, the viscosity of these fuels may vary from
2.5 cSt to 16 cSt.
[0004] Generally, the term "internal combustion en-
gine" refers to internal combustion engines which may
be used as main or auxiliary engines of ships/vessels
such as cruiser liners, cargo ships, container ships, and
tankers, or in power plants for production of heat and/or
electricity. In particular, these engines, which are also
known as "middle" and "large" internal combustion en-
gines, may be configured to bum at least one fuel select-
ed from the group consisting of diesel, marine diesel oil
(MDO), and heavy fuel oil (HFO).
[0005] Heavy fuel oil may contain "asphaltenes". As-
phaltenes may be defined as molecular substances that
are found in crude oil, along with resins, aromatic hydro-
carbon, and alcane (i.e, saturated hydrocarbons). As-
phaltenes may consist primarily of carbon, hydrogen, ni-
trogen, oxygen, and sulfur, as well as great amounts of
vanadium and nickel. Heavy oils may contain a much
higher proportion of asphaltenes than of medium API
graphic oil or light crude oils. Fuel Standard ISO 8217,
for example, describes various parameters of "heavy fuel
oil", also referred to as "marine distillate fuels" or "marine
residual fuels".
[0006] The fuel injectors used may become soiled by
the fuel injected, particularly if a type of fuel with a high
viscosity, particularly HFO, is injected. The problems may
even get worse when the internal combustion engine is
put in a standby mode as defined above.
[0007] JP 2005146964 A discloses an arrangement in-

cluding a pump, which supplies liquefied gas fuel from a
feed pipe to an injection pipe connected to a fuel injection
nozzle of a diesel engine. A cooling-medium path cools
the injection pipe.
[0008] US 7,383,794 shows an injection nozzle having
channels connected to lubricant oil or motor oil lines,
through which lubricant oil or motor oil can flow. These
channels are arranged in the region of the nozzle needle.
Channels connected to lubricant oil or motor oil lines,
through which lubricant oil or motor oil can flow, are also
arranged in the region of the control valve and/or an elec-
tromagnet actuating the control valve. The valve needle
cooperating with the valve seat has a branch line which
allows lubricating oil, such as motor oil, to flow.
[0009] JP 2007303404A discloses a large sized two-
cycle multi cylinder engine of cross head delivery type
for use as a main engine in a power station. The engine
has a valve that connects a medium-pressure pipe to an
injection pipe via a control valve for fuel circulation. A
control valve, which connects an injection pipe to a com-
mon rail during start of fuel injection, controls the flow of
heavy fuel oil from the common rail to an injection valve.
A fuel valve has an intake connected to the control valve,
and an output opening connected to a low pressure pipe.
The injection pipe is connected to a medium-pressure
pipe during fuel injection. A valve connects the pipe to
the pipe via the control valve for fuel circulation, when
the engine is not operating.
[0010] KR 2008/068500 A shows a fuel filter unit for a
fuel reduction system. The filter unit has a fuel injection
port that is connected to a two-way valve via a link tube,
said fuel injection port being provided to introduce fuel
into a heating device. The valve selectively supplies fuel
to be injected to the filters through the fuel injection port.
The fuel injection port is connected to the valve through
a link tube.
[0011] CN 201351555 Y discloses an oil injector cool-
ing unit for diesel engines, having an automatic temper-
ature regulator connected to a feeding hole of a cooler,
and a pressure oil pump coupled to a power driving de-
vice. The oil pump is driven by a power driving device.
The cooling unit has a cooler, i.e. a tube bundle, that is
connected to an oil feeding pipe to form two connecting
points as a front parallel connection pivot (a) and a back
parallel connection pivot (b). The automatic temperature
regulator is provided in the front parallel connection pivot
and connected to a feeding hole of the cooler. A pressure
oil pump is provided in the back parallel connection pivot
and connected to the oil feeding pipe. The pressure oil
pump is connected to a power driving device, and is driv-
en by the power driving device.
[0012] In internal combustion engines of the type men-
tioned herein, the possible negative effects of fuels, par-
ticularly fuels having a relatively high viscosity, shall be
addressed. The present disclosure is directed, at least
in part, to improving or overcoming one or more aspects
of prior systems.
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Summary of the Disclosure

[0013] According to a first aspect of the present dis-
closure, a heating system for an internal combustion en-
gine is provided. The internal combustion engine may be
configured to be operated in an operation mode and a
standby mode. During the operation mode, a fuel of a
specific type, e.g. heavy fuel oil of the type mentioned
herein, is injected into an associated combustion cham-
ber via at least one injector. During the standby mode,
the internal combustion engine may do not bum any fuel.
Switching from the standby mode into the operation
mode may be performed without burning any other fuel
than said fuel injected during the operation mode. The
heating system may comprise a lube oil supply system
and a fuel supply system. The lube oil supply system may
be configured to circulate lubricating oil, also known as
"lube oil", through the at least one injector in order to heat
the at least one injector. The fuel supply system may be
configured to circulate said fuel heated during the stand-
by mode for maintaining a predetermined temperature
of ate least a part of the internal combustion engine. Dur-
ing the operation mode, the fuel supply system may be
configured to supply said fuel to the at least one injector
for injecting the same into the combustion chamber. A
heat exchanger may be provided. The heat exchanger
may be connected to the lube oil supply system and the
fuel supply system, such that thermal energy from the
fuel circulating in the fuel supply system is transferred to
the lube oil circulating in the lube oil supply system. This
thermal energy transfer may particularly be used for heat-
ing lube oil at a predetermined temperature, and, subse-
quently, for heating the at least one fuel injector during
the standby mode by means of the heated lube oil.
[0014] According to a second aspect of the present
disclosure, an internal combustion engine is provided,
the internal combustion engine being configured to be
operated in an operating mode in which a specific fuel is
burned, and a standby mode in which no fuel is burned.
Switching from the standby mode into the operation
mode may be performed by exclusively burning the spe-
cific fuel. The internal combustion engine may comprise
at least one injector configured to inject the specific fuel
in an associated combustion chamber during the opera-
tion mode. The at least one fuel injector may be config-
ured such that lube oil for heating the at least one fuel
injector can be circulated therein. In addition, the internal
combustion engine may comprise a heating system of
the type mentioned herein.
[0015] According to another aspect of the present dis-
closure, a method for operating an internal combustion
engine is provided. The method may comprise the step
of circulating heated fuel during a standby mode of the
internal combustion engine. During the standby mode,
no fuel may be burned in the combustion chamber. In
addition, during the standby mode of the internal com-
bustion chamber, lube oil may be circulated. Further-
more, a thermal energy transfer from the circulated heat-

ed fuel to the circulating lube oil, thereby heating the lube
oil, may be performed during the standby mode of the
internal combustion engine. During the standby mode of
the internal combustion engine, the circulating heated
lube oil may be supplied to the at least one fuel injector
which is configured to inject the fuel into an associated
combustion chamber.
[0016] Other features and aspects of this disclosure
will be apparent from the following description and the
accompanying drawings.

Brief Description of the Drawings

[0017] Fig. 1 shows a schematic diagram of an exem-
plary embodiment of a heating system for an internal
combustion engine according to the present disclosure,
[0018] Fig. 2 shows another schematic view of an ex-
emplary embodiment of a part of an internal combustion
engine and a heating system according to the present
disclosure,
[0019] Fig. 3 shows an exemplary embodiment of a
fuel injector which may be used in an internal combustion
engine according to the present disclosure, and
[0020] Fig. 4 shows an exemplary diagram of an en-
gine operation over a wide range of fuel viscosities.

Detailed description

[0021] Referring to Fig. 1, an internal combustion en-
gine (only partly shown) may include one or more injec-
tors 15. Each injector 15 may be associated with a com-
bustion chamber of the internal combustion engine. In
other words: Each combustion chamber of the internal
combustion engine may be equipped with one or more
injectors 15. The injectors 15 may be configured to inject
fuel into the associated combustion chamber. An injector
15 may have a structure as shown in Fig. 3 and will be
discussed later in more detail. Each injector 15 may be
connected to a branch line 55, which in turn may be con-
nected to a common supply line 50 for heated lube oil.
Furthermore, each injector 15 may be connected to a
lube oil drain line 60.
[0022] The common supply line 50 for heated lube oil
may be connected to a primary lube oil supply line 70
and/or a secondary lube oil supply line 40. A check valve
45 or any other control means known in the art for con-
trolling the supply of lube oil from the secondary lube oil
supply line 40 into the common supply line 50 for lube oil
may be provided. Another check valve 65 may be inter-
connected between the primary lube oil supply line 70
and the common supply line 50 for lube oil.
[0023] A heat exchanger 25 may be provided in the
arrangement shown in Fig. 1, e.g. providing a heating
system 10 for an internal combustion engine. The heat
exchanger 25 may be coupled to a lube oil inlet 35 for
cool lube oil and a fuel inlet 20 for heated fuel of a specific
type, e.g. heavy fuel oil (HFO). The heat exchanger 25
may be also connected to a fuel outlet 30 and the sec-
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ondary lube oil supply line 40. The heat exchanger 25
may be designed such that lube oil flowing via the lube
oil inlet 35 into the heat exchanger 25 and the fuel flowing
in the fuel inlet 20 into the heat exchanger, are guided
within the heat exchanger 25 in a manner that at least
part of the thermal energy of one of the fluids entering
via the inlets 20 or 35 is exchanged between the fluids.
That transfer of thermal energy may result in that fuel
entering the heat exchanger 25 via the HFO inlet 20
leaves the heat exchanger 25 via outlet 30 with a tem-
perature lower than the fuel’s entering temperature, and
lube oil entering the heat exchanger 25 via the lube oil
inlet 35 leaves the heat exchanger 25 via the outlet or
secondary lube oil supply line 40 with a temperature high-
er than the temperature of the lube oil at the entrance of
the heat exchanger 25.
[0024] The heat exchanger 25 may be of any type
known in the art, in particular of the type including tube
bundle heat exchangers, shell and tube heat exchangers,
plate heat exchangers, plate fin heat exchangers etc.
[0025] Another schematic diagram of a part of an in-
ternal combustion engine equipped with a heating sys-
tem 10 as outlined above, is shown in Fig. 2. It shall be
noted that reference signs used in Fig. 2 that are identical
with reference signs used in Fig. 1 may refer to the same
components or elements. Accordingly, as far as elements
or components in Fig. 2 are labeled with reference signs
already mentioned with respect to Fig. 1, it is referred to
the corresponding explanations.
[0026] The arrangement shown in Fig. 2 shows a an
oil pan or reservoir 215 for lube oil 220. The reservoir
215 may include a pre-lubricating pump 240 for lube oil
220. The pre-lubricating pump 240 may be connected to
the heat exchanger 25 via the lube oil inlet 35. In this
exemplary embodiment of the present disclosure, a pipe
coil 210 for lube oil may be housed in the heat exchanger
25. The pipe coil 210 for lube oil 220 may be connected
to the lube oil inlet 35 at a first side and may be connected
to the secondary lube oil supply line 40 at a second end
of the pipe coil 210. The pipe coil 210 may be provided
within a chamber 235 defined within the heat exchanger
25.
[0027] The heat exchanger 25 itself may be arranged
within a housing 24 of a fuel filter 23. However, the heat
exchanger 25 may be also arranged at another location
of the heating system 10. The arrangement within or as
part of the fuel filter 23 may provide the benefit of reducing
the size of the system.
[0028] As shown in Fig. 2, the lube oil drain lines 60 of
each injector 15 may extend to the reservoir 215, where-
by lube oil leaving an injector body 151 (see Fig. 3) of an
injector 15 is guided back to the reservoir 215.
[0029] The heat exchanger 25 as shown in Fig. 2 may
be equipped with the fuel inlet 20 and the fuel outlet 30.
The fuel outlet 30 may be connected to a common rail
300 from which fuel branch lines 310 are extending to
each injector 15.
[0030] A lube oil pump 250, e.g. mechanically driven

by the internal combustion engine during the operation
mode, may be provided and connected at an inlet side
with the reservoir 215 via a line 255, and at an outlet side
of the pump 250 with the primary lube oil supply line 70.
[0031] A control unit 260 may be connected to the
pump 240 and the the pump 270 for controlling the flow
rate of the respective fluid, namely the lube oil and the
fuel, flowing in the heat exchanger 25 via the lines 20
and 35 respectively.
[0032] The pump 270 and the line 20, 30 may form a
part of a fuel supply system 7. A lube oil supply system
6 may be formed by pumps 240 and/or 250 and associ-
ated lines, e.g. 35, 40, 50.
[0033] Fig. 3 shows a longitudinal cross section of an
exemplary embodiment of a fuel injector 15 as may be
used in the systems shown in Fig. 1 or 2 and as described
herein.
[0034] The shown injector body 151 may be provided
with lube oil channels 152, 153 and 154. The exemplary
design of the channels 152, 153, 154 may be such that
at least part of the injector 15 can be cooled or heated
via the lube oil 220 flowing in direction 155. Here, the
channels 152 and 154 are straight, but in other exemplary
embodiments these channels may be designed or
shaped differently, e.g. like a coil, or the channels 152,
153, 154 may meander. The channel 153 is shown as a
ring channel surrounding a movable injector needle 157,
but can also have any other design appropriate for pro-
viding a thermal heat transfer from the lube oil flowing
within channel 153 to parts of the injector 15 in the vicinity
of channel 153. The same applies to channels 152, 154.
[0035] In this exemplary embodiment of a fuel injector
15, two or more nozzle holes 158 are provided through
which fuel can be injected into an associated combustion
chamber (not shown). The point of time and the amount
of fuel injected via the nozzle holes 158 may be controlled
by the movable needle 157.
[0036] An entrance opening of channel 152 at the up-
per side of the injector body 151 may be connected to
an associated branch line 55. An outlet opening of chan-
nel 156 at the upper side of the injector body 151 may
be connected to an associated drain line 60.
[0037] Fig. 4 shows a diagram where kinematic vis-
cosities and the viscosities of different types of fuel are
plotted at different temperatures. In particular, the differ-
ent kinematic viscosities and the different viscosities of
various kinds of heavy fuel oil are plotted at different tem-
peratures in comparison to marine gas oil and marine
diesel oil. Furthermore, the limit for pre-heating and the
limit of pumpability are also plotted for different temper-
atures.
[0038] It is obvious that marine diesel oil need not be
pre-heated to more than 50°C. The viscosities of the dif-
ferent types of heavy fuel oil (IF 700), however, are much
higher than that of MDO, even at temperatures of 150°C
or more. Hence, if an internal combustion engine is sup-
plied with heavy fuel oil and bums heavy fuel oil, for ex-
ample one of the types of heavy fuel oils mentioned here-
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in, the heavy fuel oil has to be pre-heated, because oth-
erwise its viscosity would be too high and the HFO could
not flow within the fuel supply lines and its components,
particularly within the injectors. This problem may partic-
ularly arise in a standby mode when the internal com-
bustion engine does not bum any fuel. Accordingly, it
might be known that heavy fuel oil is pre-heated and cir-
culated in the supply lines during the standby mode.
[0039] However, during standby mode, particularly
heavy fuel oil remaining in an injector may be stagnant
and cool down to a temperature of e.g. about 60°C. As
shown in Fig. 4, at this temperature, the viscosity of heavy
fuel oil is very high and it could be difficult to re-start the
internal combustion engine.
[0040] According to the present disclosure, the princi-
ple concept may include using lube oil heated by circu-
lating fuel, e.g. heavy fuel oil, which itself is heated, to
keep the injector warm, even in a standby mode.

Industrial Applicability

[0041] In the following, the basic operation of a fuel
injection system 10 including a heating system 10 is de-
scribed.
[0042] In an operation mode of the internal combustion
engine, fuel, e.g. heavy fuel oil of the type mentioned, for
example, in Fig. 4, is supplied via common rail 300 and
branch lines 310 to each injector 15. Via the fuel injectors
15, an appropriate amount of fuel may be injected into
the associated combustion chamber at a controlled point
of time. Here, a common rail 300 is used to provide suf-
ficient pressure to the fuel to be injected via the injectors
15. However, other technologies than common rail tech-
nology can also be used, for example an arrangement
including separate high-pressure pumps connected to
injectors.
[0043] During the operation mode of the internal com-
bustion engine, lube oil 220 may be supplied via the pri-
mary lube oil supply line 70 and the common supply line
50 and branch lines 55 to each injector 15. In this case,
the lube oil 220 may flow in the direction as indicated by
reference sign 155 in the injector body 151 within chan-
nels 152, 153 and 154, and leave the injector body 151
via the respective drain line 60.
[0044] In the operation mode, the lube oil 220 may cool
each injector 15 and the lube oil 220 may have a tem-
perature lower than the temperature of each injector 15
supplied with fuel at a high pressure, e.g. 1500 bar to
2000 bar or even more. Accordingly, the temperatures
of the injectors 15 may rise during the operation mode
and may have to be lowered by the lube oil 220 circulating
therein.
[0045] If the internal combustion engine is switched to
a standby mode in which less or no fuel is burned in the
injectors 15, the fuel, particularly heavy fuel oil, may be
circulated to keep the whole engine at a temperature level
appropriate to avoid any undesired solidification of fuel
in the system. Accordingly, particularly a heating device

(not shown) may be provided for heating the circulating
fuel during standby mode.
[0046] By the way, in case the internal combustion en-
gine is running in the operation mode, check valve 65
may open due to the high pressure of the lube oil 220
supplied by the pump 250, and check valve 45 may close
due to the lower pressure of the lube oil within line 40,
so that no lube oil in the secondary lube oil supply line
40 can enter the common supply line 50. In addition, the
pump 240 may be switched off during the operation
mode.
[0047] During the standby mode, the system according
to the present disclosure may operate as follows.
[0048] The pump 240 may pump lube oil 220 from the
reservoir 215 into the heat exchanger 25. At the same
time, heated fuel circulating in the fuel supply system 7
may be directed into heat exchanger 25 and may leave
the heat exchanger via outlet 30. The heated fuel may
be circulated back to the inlet 20 as indicated by the bro-
ken line in Fig. 2. As the lube oil 220 flows within the pipe
coil 210 arranged within the heat exchanger 25 and, at
the same time, the heated fuel circulates in the heat ex-
changer 25 within the chamber 235, the temperature of
the lube oil within the pipe coil 210 may be increased.
The temperature increase may be controlled by a control
unit, which may be connected to pump 240 and the fuel
supply pump 270.
[0049] As an alternative, the pumping rotation speed
of the pump 240 and/or of the pump 270 may be adjusted,
such that a desired temperature of the lube oil 220 leaving
the heat exchanger 25 may be reached.
[0050] Another alternative may include controlling me-
chanically the flow rate of heated lube oil 220 entering
each injector 15. According to another exemplary em-
bodiment of the present disclosure the flow rate of heated
lube oil 220 entering the common supply line 50 may
mechanically controlled, e.g. via an aperture plate. The
aperture plate may be adjustable, such that the aperture
diameter may be adjustable.
[0051] The heated lube oil may leave the heat ex-
changer 25 via the secondary lube oil supply line 40 and
may flow through the respective injector body 151 via the
channels 152, 153, 154. The lube oil leaving each injector
15 may flow back to the reservoir 215 via drain lines 60.
Accordingly, the temperatures of injectors 15 may be kept
above a predetermined temperature level, such that a
solidification of fuel or residues etc. in the proposed sys-
tem, and particularly in the injectors 15, may be avoided
or at least may be reduced.
[0052] Although the preferred embodiments of this dis-
closure have been described herein, improvements and
modifications may be incorporated without departing
from the scope of the following claims.

Claims

1. A heating system (10) for an internal combustion en-
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gine, wherein the internal combustion engine is con-
figured to be operated in an operation mode in which
fuel of a specific type is injected via at least one in-
jector (15) in an associated combustion chamber,
and a standby mode in which the internal combustion
engine is not burning any fuel, the switching from the
standby mode into the operation mode being per-
formed by burning exclusively said fuel,
the heating system (10) comprising:

a lube oil supply system (6) configured to circu-
late lube oil (220) through the at least one injec-
tor (15) for cooling or heating the at least one
injector (15);
a fuel supply system (7) configured to circulate
said fuel and to supply it to the at least one in-
jector (15) for injection into the associated com-
bustion chamber; and
a heat exchanger (25) configured to be connect-
ed to the lube oil supply system (6) and the fuel
supply system (5), such that thermal energy
from said fuel circulating in the fuel supply sys-
tem (7) is transferred to the lube oil (220) circu-
lating in the lube oil supply system (6).

2. The heating system of claim 1, further comprising a
control unit (260) configured to control the lube oil
supply system (6) and the fuel supply system (7),
such that during the standby mode the lube oil (220)
circulating in the lube oil supply system (6) is heated
to an appropriate temperature.

3. The heating systemof claim 2, wherein the lube oil
supply system (6) includes a lube oil pump (240) and
the fuel supply system (7) includes a fuel pump (270),
the lube oil pump (240) and the fuel pump (270) being
controlled by the control unit (260), such that appro-
priate amounts of lube oil (220) and fuel are circu-
lating in the respective fluid supply system (6, 7).

4. The heating system of any one of the preceding
claims, further comprising a fuel filter (23) including
a filter housing (24), the filter housing (24) being con-
figured to house the heat exchanger (25).

5. The heating system of any one of the preceding
claims,
wherein the at least one injector (15) includes an
injector body (151) with at least one lube oil channel
(152, 153, 154) fluidly connected to the lube oil sup-
ply system (6), the injector body (151) being cooled
by the lube oil (220) circulating in the at least one
lube oil channel (152, 153, 154) during the operation
mode, and being heated by heated lube oil (220)
circulating in the at least one lube oil channel (152,
153, 154) during the standby mode.

6. An internal combustion engine configured to be op-

erated in an operating mode in which fuel of a specific
type is burned and a standby mode in which no fuel
is burned, the switching from the standby mode into
the operation mode being performed by burning ex-
clusively said fuel, the internal combustion engine
comprising:

at least one injector (15) configured to inject the
heavy fuel oil in an associated combustion
chamber during the operation mode, the at least
one injector (15) being configured such that lube
oil (220) can be circulated therein for cooling and
heating the at least one injector (15); and
a heating system (5) according to one of the
claims 1-5.

7. The internal combustion engine of clam 6, further
comprising a common rail (300) to which the at least
one injector (15) is connected.

8. A method for operating an internal combustion en-
gine, the internal combustion engine being config-
ured to be operated in an operation mode in which
fuel of a specific type injected into at least one com-
bustion chamber, and in a standby mode in which
no fuel is burned in the at least one combustion
chamber;
the method comprising the steps of:

circulating heated fuel during the standby mode
of the internal combustion engine;
circulating lube oil (220) during the standby
mode of the internal combustion engine;
performing a thermal energy transfer from said
circulating heated fuel to said circulating lube
oil, thereby heating the lube oil (220) during the
standby mode of the internal combustion en-
gine; and
supplying said circulating heated lube oil (220)
to the at least one injector (15) during the stand-
by mode of the internal combustion engine.

9. The method of claim 8, further comprising the steps
of:

switching from the standby mode to the opera-
tion mode, and
supplying exclusively said fuel to the at least one
injector (15) during the switching to the operation
mode.

10. The method of claim 8 or 9, further comprising the
steps of:

operating the internal combustion engine in the
operation mode;
switching from the operation mode to the stand-
by mode.

9 10 



EP 2 426 344 A1

7

5

10

15

20

25

30

35

40

45

50

55

11. The method of any one of claims 8-10, further com-
prising the steps of:

circulating lube oil (220) during the operation
mode such that the at least one injector (15) is
cooled.

12. The method of any of claims 8-11, wherein the step
of performing a thermal energy transfer from said
fuel to said lube oil (220) is executed upstream of
the least one injector (15).

13. The method of any one of claims 8-12 , wherein the
step of performing a thermal energy transfer from
said fuel to said lube oil (220) is executed within the
housing (24) of the fuel filter (23).

14. The method of any one of claims 8-13, wherein the
step of performing a thermal energy transfer from
said fuel to said lube oil (220) is executed within a
heat exchanger (25).

15. The method of any one of claims 8-14, wherein said
fuel is heavy fuel oil.
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