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(57)  Evenwhen only fuel oil is injected into a cylinder
liner, decrease in fuel injection pressure, deterioration in
combustibility, and degradation in performance of an in-
ternal combustion engine are prevented, while increase
in dust and black smoke is also prevented. In a fuel in-

jection device (1) for an internal combustion engine, ca-

pable of selectively injecting, from a fuel injection valve
(3), a mixture of fuel oil and an inert substance in a mul-
tilayered state or in an emulsion state, or fuel oil only, a
cam (10) for lifting up a plunger (7) of a fuel injection
pump (2) that pressurizes and feeds the mixture of fuel
oil and the inert substance in a multilayered state or in
an emulsion state, or the fuel oil to the fuel injection valve
(3) includes: a first cam for use in lifting up the mixture
of fuel oil and the inert substance in a multilayered state
or in an emulsion state; and a second cam for use in
lifting up the fuel oil only.

FUEL INJECTION DEVICE FOR INTERNAL COMBUSTION ENGINE
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Description
{Technical Field}

[0001] The present invention relates to a fuel injection
device for an internal combustion engine having a plu-
rality of fuel injection valves mounted on each cylinder.

{Background Art}

[0002] As one example of the fuel injection device for
an internal combustion engine having a plurality of fuel
injection valves mounted on each cylinder, a device dis-
closed in PTL 1 is known.

{Citation List}
{Patent Literature}
[0003]

{PTL 1}

Japanese Examined Patent Application, Publication
No. Hei 08-11945

{PTL 2}

The Publication of Japanese Patent No. 3615260

{Summary of Invention}
{Technical Problem}

[0004] In recent years, from a viewpoint of environ-
mental protection, ECAs (Emission Control Areas) have
been stipulated, and emission of NOx is limited inside
these environmental control areas.

Moreover, regulations of exhaust gas in Emission Control
Areas are planned to be tightened in the near future. One
way of observing new regulations is, for example, to
change a fuel injection mode (operation mode) of a main
engine and a generator from injection of fuel oil only to
injection of a mixture of fuel oil and water in a multilayered
state or in an emulsion state before going into an Emis-
sion Control Area as disclosed in the aforementioned
PTL 1 and PTL 2.

[0005] However, in the fuel injection valves that inject
a mixture of fuel oil and water in a multilayered state or
in an emulsion state as disclosed in PTL 1 and PTL 2,
an amount of one injection increases, and therefore an
aperture of each nozzle hole needs to be made larger
than the aperture of the nozzle hole of the fuel injection
valves that inject fuel oil only. Accordingly, in the case of
PTL 1and PTL 2, when the fuel injection mode (operation
mode) of the main engine and the generator is changed
from injection of a mixture of fuel oil and water in a mul-
tilayered state or in an emulsion state to injection of fuel
oil only upon moving from the range of an Emission Con-
trol Area to the outside of the Emission Control Area, fuel
injection pressure may be decreased, resulting in dete-
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rioration in combustibility and degradation in perform-
ance of the combustion engine, while dust and black
smoke may be increased.

[0006] The present invention has been made to solve
the above-stated problems, and it is an object of the
present invention to provide a fuel injection device for an
internal combustion engine capable of preventing de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as capable of preventing in-
crease in dust and black smoke.

{Solution to Problem}

[0007] In order to accomplish the above object, the
present invention provides the following solutions.

A fuel injection device for an internal combustion engine
according to a first aspect of the present invention is a
fuel injection device for an internal combustion engine,
capable of selectively injecting, from a fuel injection
valve, a mixture of fuel oil and an inert substance in a
multilayered state or in an emulsion state, or fuel oil only,
wherein a cam for lifting up a plunger of a fuel injection
pump that pressurizes and feeds the mixture of fuel oil
and the inert substance in a multilayered state or in an
emulsion state, or the fuel oil to the fuel injection valve
includes: a first cam for use in lifting up the mixture of
fuel oil and the inert substance in a multilayered state or
in an emulsion state; and a second cam for use in lifting
up the fuel oil only.

[0008] According to the fuel injection device for an in-
ternal combustion engine according to the first aspect of
the present invention, when a mixture of fuel oil and an
inert substance in a multilayered state or in an emulsion
stateisinjected from the fuel injection valve into a cylinder
liner, the plunger of the fuel injection pump is lifted up by
the first cam, whereas when only the fuel oil is injected
from the fuel injection valve into the cylinder liner, the
plunger of the fuel injection pump is lifted up by the sec-
ond cam which lifts up the plunger at a timing and a speed
earlier and faster than those of the first cam.

As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to prevent increase in dust
and black smoke

[0009] A fuel injection device for an internal combus-
tion engine according to a second aspect of the present
invention is a fuel injection device for an internal com-
bustion engine, capable of selectively injecting, from a
fuel injection valve, a mixture of fuel oil and an inert sub-
stance in a multilayered state or in an emulsion state, or
fuel oil only, wherein a fuel injection pump that pressu-
rizes and feeds the mixture of fuel oil and the inert sub-
stance in a multilayered state or in an emulsion state, or
the fuel oil to the fuel injection valve, is linked to the fuel
injection valve through a fuel/water feed pipe, a base end
of a branch pipe is connected to an intermediate position
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the fuel/water feed pipe, while aleading end of the branch
pipe is connected to an accumulator, and a control valve
is connected to an intermediate position the branch pipe,
the control valve being closed when the mixture of fuel
oil and the inert substance in a multilayered state or in
an emulsion state is injected from the fuel injection valve
and being opened when only the fuel oil is injected from
the fuel injection valve.

[0010] According to the fuel injection device for an in-
ternal combustion engine according to the second aspect
of the present invention, when only the fuel oil is injected
from the fuel injection valve into the cylinder liner, the
control valve is opened, so that injection pressure of the
fuel oil injected from the fuel injection valve into the cyl-
inder liner is raised (increased).

As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to prevent increase in dust
and black smoke.

[0011] A fuel injection device for an internal combus-
tion engine according to a third aspect of the present
invention is a fuel injection device for an internal com-
bustion engine, capable of selectively injecting, from a
fuel injection valve, a mixture of fuel oil and an inert sub-
stance in a multilayered state or in an emulsion state, or
fuel oil only, wherein the fuel injection valve includes:
main and sub nozzles; and a needle valve that is lifted
in two stages corresponding to pressure of control air to
be fed, so that in a low lift state, the sub nozzle is opened
to inject the fuel oil, while in a high lift state, both the main
nozzle and the sub nozzle are opened to inject the mix-
ture of fuel oil and the inert substance in a multilayered
state or in an emulsion state.

[0012] According to the fuel injection device for an in-
ternal combustion engine according to the third aspect
of the present invention, when only the fuel oil is injected
into the cylinder liner, the main nozzle is closed so that
the fuel oil is injected only from the sub nozzle.

As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to preventincrease in dust
and black smoke.

[0013] A fuel injection device for an internal combus-
tion engine according to a fourth aspect of the present
invention is a fuel injection device for an internal com-
bustion engine, capable of selectively injecting, from a
fuel injection valve, a mixture of fuel oil and an inert sub-
stance in a multilayered state or in an emulsion state, or
fuel oil only, wherein at least two fuel injection pumps
that pressurize and feed the mixture of fuel oil and the
inert substance in a multilayered state or in an emulsion
state, or the fuel oil to the fuel injection valve, a fuel/water
feed pipe that feeds the mixture of fuel oil and the inert
substance in a multilayered state or in an emulsion state,
or the fuel oil to these fuel injection pumps, and a control
valve that is connected to an intermediate position the
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fuel/water feed pipe are connected to each other, the
control valve being closed when the mixture of fuel oil
and the inert substance in a multilayered state or in an
emulsion state is injected from the fuel injection valve
and being opened when only the fuel oil is injected from
the fuel injection valve.

[0014] According to the fuel injection device for an in-
ternal combustion engine according to the fourth aspect
of the present invention, when only the fuel oil is injected
into the cylinder liner, the pressurized fuel oil is fed from
two fuel injection pumps to the fuel injection valve.

As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to prevent increase in dust
and black smoke.

[0015] An internal combustion engine according to a
fifth aspect of the present invention includes any one of
the fuel injection devices for an internal combustion en-
gine described in the foregoing.

[0016] In the combustion engine according to the fifth
aspect of the present invention, the fuel injection device
for an internal combustion engine is mounted (provided)
,which is capable of preventing decrease in fuel injection
pressure, deterioration in combustibility, and degradation
in performance of the internal combustion engine as well
as capable of preventing increase in dust and black
smoke even when only the fuel oil is injected into the
cylinder liner.

As a consequence, it becomes possible to enhance com-
bustibility in a cylinder in the case of injecting only the
fuel oilinto the cylinder liner and to reduce soot and black
smoke discharged from the cylinder.

[0017] Ashipaccording to a sixth aspect of the present
invention includes the combustion engine.

[0018] According to the ship in the sixth aspect of the
present invention, an internal combustion engine is
mounted (provided) , which is capable of preventing de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as capable of preventing in-
crease in dust and black smoke even when only the fuel
oil is injected into the cylinder liner.

As a consequence, it becomes possible to enhance fuel
efficiency of the entire ship so that a cruising range can
be extended, and to also become possible to reduce soot
and black smoke discharged from a funnel (smokestack)

{Advantageous Effects of Invention}

[0019] The fuelinjection device for aninternal combus-
tion engine according to the present invention has the
effects that decrease in fuel injection pressure, deterio-
ration in combustibility, and degradation in performance
of the internal combustion engine can be prevented and
increase in dust and black smoke can also be prevented.
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{Brief Description of Drawings}

[0020]

{Fig. 1}

Fig. 1 is a schematic configuration view showing a
fuel injection device for an internal combustion en-
gine according to a first embodiment of the present
invention.

{Fig. 2}

Fig. 2 shows a graphic chartillustrating a relationship
between a cam lift amount of a cam shown in Fig. 1
and a crank angle (cam angle).

{Fig. 3}

Fig. 3 is a schematic configuration view showing a
fuel injection device for an internal combustion en-
gine according to a second embodiment of the
present invention.

{Fig. 4}

Fig. 4 is a schematic configuration view showing a
fuel injection valve according to a third embodiment
of the present invention, in which a main nozzle and
a sub nozzle are closed.

{Fig. 5}

Fig. 5 is a schematic configuration view showing the
fuel injection valve according to the third embodi-
ment of the present invention, in which a mixture of
fuel oil and water in a multilayered state or in an
emulsion state is being injected.

{Fig. 6}

Fig. 6 is a schematic configuration view showing the
fuel injection valve according to the third embodi-
ment of the present invention, in which only the fuel
oil is being injected.

{Fig. 7}

Fig. 7 is a schematic configuration view showing a
fuel injection device for an internal combustion en-
gine according to a fourth embodiment of the present
invention.

{Fig. 8}

Fig. 8 is a view explaining a function of the fuel in-
jection device for an internal combustion engine ac-
cording to the present invention.

{Fig. 9}

Fig. 9 is a view explaining a function of the fuel in-
jection device for an internal combustion engine ac-
cording to the present invention.

{Description of Embodiments}
(First Embodiment)

[0021] A fuel injection device for an internal combus-
tion engine according to the first embodiment of the
presentinvention will be explained with reference to Figs.
1and 2.

Fig. 1 is a schematic configuration view showing a fuel
injection device for an internal combustion engine ac-
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cording to the presentembodiment. Fig. 2 shows a graph-
ic chart illustrating the relationship between a cam lift
amount of a cam shown in Fig. 1 and a crank angle (cam
angle).

Itis to be noted that the fuel injection device for an internal
combustion engine according to the present invention is
configured to be mounted on an internal combustion en-
gine (not shown) such as a large size diesel engine for
a ship.

[0022] As shown in Fig. 1, a fuel injection device 1 for
an internal combustion engine according to the present
embodiment is a fuel injection device capable of chang-
ing a fuel injection mode (operation mode) of a main en-
gine and a generator, as disclosed in PTL 1 for example,
from injection of fuel oil only to injection of a mixture of
fuel oil and water in a multilayered state orin an emulsion
state before going into an Emission Control Area from
the outside of the Emission Control Area, and capable
of changing the fuel injection mode (operation mode) of
the main engine and the generator from injection of the
mixture of fuel oil and water in a multilayered state or in
an emulsion state to injection of the fuel oil only upon
moving from the range of the Emission Control Area to
the outside of the Emission Control Area. The fuel injec-
tion device 1 includes one fuel injection pump 2 and at
least one fuel injection valve (two in this embodiment) 3,
so that a pair of them is placed for each cylinder.
[0023] InFig. 1, there are shown adistributor4, acheck
valve 5, and a fuel/water feed pipe (high pressure pipe)
6. Configurations of the fuel injection pump 2, the fuel
injection valve 3, the distributor 4 and the check valve 5
are not particularly limited, and configurations of publicly
known fuel injection pumps, fuel injection valves, distrib-
utors, and check valves may be used therefor.

[0024] Now, the fuel injection pump 2 according to the
present embodiment is a Bosch fuel injection pump in-
cluding a plunger 7 and a tappet 8 and is attached onto
a cam shaft 9 of each cylinder via a flange (not shown) .
A cam 10 includes: a cam (first cam) for inside of ECA
that lifts up the plunger 7 and the tappet 8 at a timing
shownwithasolidlinein Fig. 2inthe inside of an Emission
Control Area; and a cam (second cam) for outside of ECA
that lifts up the plunger 7 and the tappet 8 at a timing
shown with a broken line in Fig. 2 in the outside of the
Emission Control Area. The cam 10 is placed on a cam
shaft 9 side by side with a reversing cam.

[0025] The cam for inside of ECA is a cam, as shown
in Fig. 8 or 9 for example, which has a relationship be-
tween a cam lift amount and a crank angle (cam angle)
that is suitable for injecting a mixture of fuel oil and water
in a multilayered state or in an emulsion state. The cam
for outside of ECA is a cam that lifts up the plunger 7 and
the tappet 8 at a speed faster than that of the cam for
inside of ECA.

[0026] According to the fuel injection device 1 for an
internal combustion engine in the present embodiment,
when a mixture of fuel oil and an inert substance in a
multilayered state or in an emulsion state is injected from
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the fuel injection valve 3 into a cylinder liner, the plunger
7 of the fuel injection pump 2 is lifted up by the cam for
inside of ECA (first cam), whereas when only the fuel oil
is injected from the fuel injection valve 3 into the cylinder
liner, the plunger 7 of the fuel injection pump 2 is lifted
up by the cam for outside of ECA (second cam) that lifts
up the plunger 7 at a speed faster than that of the cam
for inside of ECA.

As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to prevent increase in dust
and black smoke.

(Second Embodiment)

[0027] A fuel injection device for an internal combus-
tion engine according to the second embodiment of the
present invention will be explained with reference to Fig.
3.

Fig. 3 is a schematic configuration view showing the fuel
injection device for an internal combustion engine ac-
cording to the present embodiment.

[0028] Asshownin Fig. 3, a fuel injection device 21 for
an internal combustion engine according to the present
embodiment is different from that of the first embodiment
in that a cam for inside of ECA 22 is provided instead of
the cam 10, a base end (one end) of a branch pipe 23 is
connected to the intermediate position of a fuel/water
feed pipe (high pressure pipe) 6 positioned between a
check valve 5 and a distributor 4 while a leading end (the
other end) of the branch pipe 23 is connected to an ac-
cumulator 24. Since other componentmembers are iden-
tical to those of the first embodiment described above, a
description of these component members will be omitted
herein.

It is to be noted that component members identical to
those of the first embodiment described above are des-
ignated by identical reference signs to omit a description
thereof.

[0029] A control valve 25 is connected to an interme-
diate position the branch pipe 23, the control valve 25
being closed when a mixture of fuel oil and water in a
multilayered state orin an emulsion state is injected from
the fuel injection valve 3 and being opened when only
the fuel oil is injected from the fuel injection valve 3. The
control valve 25 is also opened and closed in response
to a command signal from a controller (not shown) that
determines (grasps) whether a fuel injection mode (op-
eration mode) of a main engine and ageneratoris a mode
ofinjecting a mixture of fuel oil and water in a multilayered
state or in an emulsion state from the fuel injection valve
3 or it is a mode of injecting fuel oil only from the fuel
injection valve 3.

[0030] According to the fuel injection device 21 for an
internal combustion engine in the present embodiment,
when only the fuel oil is injected from the fuel injection
valve 3intoacylinderliner, the control valve 25 is opened,
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so that injection pressure of the fuel oil injected from the
fuelinjection valve 3 into a cylinder is raised (increased).
As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to prevent increase in dust
and black smoke.

(Third Embodiment)

[0031] A fuel injection device for an internal combus-
tion engine according to the third embodiment of the
presentinvention will be explained with reference to Figs.
4 10 6.

Fig. 4 is a schematic configuration view showing a fuel
injection valve according to the presentembodiment. Fig.
5 is a view showing a mixture of fuel oil and water in a
multilayered state or in an emulsion being injected. Fig.
6 is a view showing only the fuel oil being injected.
[0032] As shown in Figs. 4 to 6, a fuel injection device
31 for an internal combustion engine according to the
present embodiment is different from that of the first em-
bodiment described above in that a cam for inside of ECA
22 (see Fig. 3) is provided instead of the cam 10 and a
fuel injection valve 32 is provided instead of the fuel in-
jection valve 3. Since other component members are
identical to those of the first embodiment described
above, a description of these component members will
be omitted herein.

It is to be noted that component members identical to
those of the first embodiment described above are des-
ignated by identical reference signs to omit a description
thereof.

[0033] When the plunger 7 and the tappet 8 are not
lifted up by the cam for inside of ECA 22 and so the fuel
pressure is not raised in the fuel injection valve 32, a
needle valve 33 sits onto a sheet surface 35 of an injection
nozzle portion 34 as shown in Fig. 4 so as to block inflow
of a mixture of fuel oil and water in a multilayered state
or in an emulsion state, or fuel oil, from a nozzle chamber
36 to a sub nozzle 37 and a main nozzle 38 and to block
injection of the mixture of fuel oil and water in a multilay-
ered state or in an emulsion state, or the fuel oil, from
the sub nozzle 37 and the main nozzle 38.

When the fuel pressure is raised by the plunger 7 and
the tappet 8 being lifted up by the cam for inside of ECA
22, and operating air is also fed to a top portion, the nee-
dle valve 33 is raised (lifted) from the sheet surface 35
of the injection nozzle portion 34 by a length of L1 + L2
as shown in Fig. 5 so as to allow inflow of the mixture of
fuel oil and water in a multilayered state orin an emulsion
state from inside the nozzle chamber 36 to the sub nozzle
37 and the main nozzle 38 and to allow injection of the
mixture of fuel oil and water in a multilayered state or in
an emulsion state from the sub nozzle 37 and the main
nozzle 38.

In this configuration, when the fuel pressure is raised by
the plunger 7 and the tappet 8 being lifted up by the cam
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for inside of ECA 22, and operating air fed to the top
portion is blocked, the needle valve 33 is raised by a
length of L1 from the sheet surface 35 of the injection
nozzle portion 34 as shown in Fig. 6 so as to allow inflow
of the fuel oil from inside the nozzle chamber 36 to the
sub nozzle 37 and to allow injection of the fuel oil only
from the sub nozzle 37.

[0034] According to the fuel injection device 31 for an
internal combustion engine in the present embodiment,
when only the fuel oil is injected into the cylinder liner,
the main nozzle 38 is closed so that the fuel oil is injected
only from the sub nozzle 37.

As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to preventincrease in dust
and black smoke.

(Fourth Embodiment)

[0035] A fuel injection device for an internal combus-
tion engine according to the fourth embodiment of the
present invention will be explained with reference to Fig.
7.

Fig. 7 is a schematic configuration view showing the fuel
injection device for an internal combustion engine ac-
cording to the present embodiment.

[0036] Asshownin Fig.7, afuel injection device 41 for
an internal combustion engine according to the present
embodiment is different from that of the first embodiment
described above in that a cam for inside of ECA 22 is
provided instead of the cam 10 and two fuel injection
pumps 2 are provided. Since other component members
are identical to those of the first embodiment described
above, a description of these component members will
be omitted herein.

It is to be noted that component members identical to
those of the first embodiment described above are des-
ignated by identical reference signs to omit a description
thereof.

[0037] The fuel injection pumps 2 according to the
present embodiment are configured such that both the
pumps are used when only fuel oil is injected from the
fuel injection valve 3, whereas when a mixture of fuel oil
and water in a multilayered state or in an emulsion state
is injected from the fuel injection valve 3, only one pump
(left-side pump in Fig. 7 in the present embodiment) is
used. More specifically, when the mixture of fuel oil and
water in a multilayered state or in an emulsion state is
injected from the fuel injection valve 3, a rack position of
a fuel rack (not shown) of the other fuel injection pump
2 (right-side pump in Fig. 7 in the present embodiment)
is set to "0 (zero)" and a control valve 43, which is con-
nected to the intermediate position of a fuel/water feed
pipe 42 that feeds the mixture of fuel oil and water in a
multilayered state or in an emulsion state to the other
fuel injection pump 2, is closed. The rack position of the
fuel rack of the other fuel injection pump 2 and the control
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valve 43 are operated and opened/closed in response to
command signals from a controller (not shown) that de-
termines (grasps) whether a fuel injection mode (opera-
tion mode) of a main engine and a generator is a mode
of injecting the mixture of fuel oil and water in a multilay-
ered state or in an emulsion state from the fuel injection
valve 3 or it is a mode of injecting fuel oil only from the
fuel injection valve 3.

[0038] According to the fuel injection device 41 for an
internal combustion engine in the present embodiment,
when only the fuel oil is injected into a cylinder liner, the
pressurized fuel oil is fed from two fuel injection pumps
2 to the fuel injection valve 3.

As a consequence, it becomes possible to prevent de-
crease in fuel injection pressure, deterioration in com-
bustibility, and degradation in performance of the internal
combustion engine as well as to prevent increase in dust
and black smoke.

[0039] Itshould be understood that the present inven-
tion is not limited to the embodiments described above
and appropriate deformations and modifications are pos-
sible where necessary.

For example, although the foregoing embodiments have
been described with two fuel injection valves 3 being pro-
vided for every fuel injection pump 2 as a specific exam-
ple, three or four fuel injection valves 3 may be provided
for every fuel injection pump 2. The present invention is
not limited by the number of the fuel injection valves 3.
Moreover, in the foregoing embodiments, other inert sub-
stances may be used in place of water.

[0040] Further, at least one fuel injection valve 3 for
injecting fuel oil only and at least one fuel injection valve
3 for injecting a mixture of fuel oil and water in a multi-
layered state or in an emulsion state may be configured
to be mounted on each cylinder, so that the fuel injection
valves may be switched in accordance with the fuel in-
jection mode (operation mode) of the main engine and
the generator.

Furthermore, the combustion engine itself may be con-
stituted as an electronically- controlled engine and be
controlled so as to raise (increase) injection pressure of
fuel oil when only the fuel oil is injected from the fuel
injection valve 3.

{Reference Signs List}
[0041]

1 Fuelinjection device for an internal combustion en-
gine
Fuel injection pump
Fuel injection valve
Fuel/water feed pipe
Plunger
0 Cam
21 Fuelinjection device for an internal combustion en-
gine
22  Cam for inside of ECA (first cam)

=2 NO WN
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23  Branch pipe

24 Accumulator

25  Control valve

31 Fuelinjection device for an internal combustion en-
gine

32 Fuel injection valve

33  Needle valve

37  Sub nozzle

38  Main nozzle

41  Fuelinjection device for an internal combustion en-
gine

42  Fuel/water feed pipe

43  Control valve

Claims

1. Afuelinjection device for an internal combustion en-

gine, capable of selectively injecting, from a fuel in-
jection valve, a mixture of fuel oil and an inert sub-
stance in a multilayered state or in an emulsion state,
or fuel oil only, wherein

a cam for lifting up a plunger of a fuel injection pump
that pressurizes and feeds the mixture of fuel oil and
the inert substance in a multilayered state or in an
emulsion state, or the fuel oil to the fuel injection
valve includes:

a first cam for use in lifting up the mixture of fuel
oiland the inert substance in a multilayered state
or in an emulsion state; and

asecond cam for use in lifting up the fuel oil only.

A fuel injection device for an internal combustion en-
gine, capable of selectively injecting, from a fuel in-
jection valve, a mixture of fuel oil and an inert sub-
stance in a multilayered state or in an emulsion state,
or fuel oil only, wherein

a fuel injection pump that pressurizes and feeds the
mixture of fuel oil and the inert substance in a mul-
tilayered state or in an emulsion state, or the fuel oil
to the fuel injection valve, is linked to the fuel injection
valve through a fuel/water feed pipe,

a base end of a branch pipe is connected to an in-
termediate position the fuel/water feed pipe, while a
leading end of the branch pipe is connected to an
accumulator, and

a control valve is connected to an intermediate po-
sition the branch pipe, the control valve being closed
when the mixture of fuel oil and the inert substance
in a multilayered state or in an emulsion state is in-
jected from the fuel injection valve and being opened
when only the fuel oil is injected from the fuel injection
valve.

A fuel injection device for an internal combustion en-
gine, capable of selectively injecting, from a fuel in-
jection valve, a mixture of fuel oil and an inert sub-
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stance in a multilayered state or in an emulsion state,
or fuel oil only, wherein
the fuel injection valve includes:

main and sub nozzles; and

a needle valve that is lifted in two stages corre-
sponding to pressure of control air to be fed, so
that in a low lift state, the sub nozzle is opened
to inject the fuel oil, while in a high lift state, both
the main nozzle and the sub nozzle are opened
to inject the mixture of fuel oil and the inert sub-
stance in a multilayered state or in an emulsion
state.

A fuel injection device for an internal combustion en-
gine, capable of selectively injecting, from a fuel in-
jection valve, a mixture of fuel oil and an inert sub-
stance in a multilayered state or in an emulsion state,
or fuel oil only, wherein

at least two fuel injection pumps that pressurize and
feed the mixture of fuel oil and the inert substance
in a multilayered state or in an emulsion state, or the
fuel oil to the fuel injection valve,

a fuel/water feed pipe that feeds the mixture of fuel
oil and the inert substance in a multilayered state or
in an emulsion state, or the fuel oil to these fuel in-
jection pumps, and

a control valve that is connected to an intermediate
position the fuel/water feed pipe are connected to
each other, the control valve being closed when the
mixture of fuel oil and the inert substance in a mul-
tilayered state or in an emulsion state is injected from
the fuel injection valve and being opened when only
the fuel oil is injected from the fuel injection valve.

An internal combustion engine comprising a fuel in-
jection device for an internal combustion engine ac-
cording to any one of claims 1 to 4.

A ship comprising an internal combustion engine ac-
cording to claim 5.
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