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DESCRIPTION

Technical Field

[0001] The present invention relates to a fuel supply apparatus with a fuel switching function,
the fuel supply apparatus being capable of, in a desired scene such as start or stop of a diesel
engine, producing and using a fuel suitable for such a scene by selecting predetermined
materials among plural types of fuel oil, water, and additives and also capable of supplying
such a fuel to the diesel engine in such a desired scene.

Background Art

[0002] As one technology for reducing NOx in an exhaust gas of an internal combustion
engine, there is a water-emulsion fuel obtained by mixing and stirring fuel oil and water. It is
generally confirmed that the NOyx in the exhaust gas can be reduced by using the water-
emulsion fuel as the fuel of the internal combustion engine. The water-emulsion fuel is also
applicable to marine diesel engines.

[0003] In the marine diesel engines, Bunker C can be used as the fuel oil. In the case of using
the water-emulsion fuel, Bunker C can be used as the fuel oil that is a base of the water-
emulsion fuel.

[0004] It should be noted that the water-emulsion fuel using Bunker C as its base (Bunker C
emulsion) is extremely high in viscosity. Therefore, in order to supply this water-emulsion fuel
to the diesel engine, the viscosity of the water-emulsion fuel needs to be lowered by heating
the water-emulsion fuel to 100°C or higher.

[0005] However, in the case of stopping the marine diesel engine for a long period of time,
Bunker C and water in the Bunker C emulsion in the diesel engine and a fuel supply system
separate from each other. If such a fuel is used, the diesel engine is adversely affected.

[0006] Here, for example, PTL 1 discloses a fuel supply apparatus with a fuel switching
function, the fuel supply apparatus being capable of supplying an emulsion fuel to the diesel
engine when stopping the marine diesel engine for a long period of time or starting the diesel
engine, the emulsion fuel being obtained by mixing Bunker C and Bunker A having low
viscosity and also capable of supplying the Bunker C emulsion to the diesel engine when a
load applied to the diesel engine has reached a certain load or higher.

[0007] According to this conventional fuel supply apparatus with the fuel switching function,
when stopping or starting the diesel engine, the diesel engine can be driven by supplying to the
diesel engine a Bunker A and C emulsion (emulsion fuel not containing water) obtained by
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mixing Bunker A and Bunker C. When the fuel consumption of the diesel engine has reached a
predetermined amount or more, the diesel engine can be driven by supplying to the diesel
engine the Bunker C emulsion instead of the Bunker Aand C emulsion, the Bunker C emulsion
being obtained by mixing Bunker C and water.

[0008] With this, when starting the marine diesel engine after the marine diesel engine is
stopped for a long period of time, the Bunker A and C emulsion in the diesel engine and the
like does not adversely affect the diesel engine and the like, and the diesel engine can be
driven appropriately.

[0009] PTL 2 discloses a fuel supply apparatus according to the precharacterizing clause of
new claim 1.

Citation list

Patent literature

[0010]

PTL 1: Japanese laid-open patent application publication number 59-33392

PTL 2: DE 197 47 240 A1

Summary of the invention

Technical problem

[0011] According to the above conventional fuel supply apparatus with the fuel switching
function, switching from the Bunker A and C emulsion obtained by mixing Bunker A and Bunker
C to the Bunker C emulsion obtained by mixing Bunker C and water can be automatically
performed when the fuel consumption of the diesel engine has reached a predetermined
amount or more. However, the problem is that the execution of the switching to the Bunker C
emulsion is not determined after whether or not Bunker A remains in the diesel engine and its
fuel supply system has been examined.

[0012] Therefore, if the Bunker C emulsion obtained by mixing Bunker C and water is supplied
to the fuel supply system and the like with Bunker A remaining in the fuel supply system and
the like (with the Bunker A and C emulsion remaining in the fuel supply system and the like, the
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Bunker A and C emulsion being obtained by mixing Bunker A and Bunker C), a water-emulsion
fuel containing Bunker A, Bunker C, and water and having unstable properties is supplied to
the diesel engine, the fuel supply system, and the like, and this causes a possibility that
unexpected damages occur on the diesel engine and its fuel supply system. To be specific, this
is because it is difficult to maintain a state where water uniformly disperses in Bunker A, having
higher specific gravity than water, in a certain period of time or more without, for example, an
additive, such as a surfactant.

[0013] The present invention was made to solve the above problems, and an object of the
present invention is to provide a fuel supply apparatus with a fuel switching function, the fuel
supply apparatus being capable of determining by a determining portion whether the fuel oil
supplied to the diesel engine is first fuel oil (Bunker A, for example) or second fuel oil (Bunker
C, for example) and supplying an appropriate water-emulsion fuel or fuel to the diesel engine
based on the result of the determination by the determining portion.

Solution to Problem

[0014] A fuel supply apparatus with a fuel switching function according to a first aspect of the
present invention is a fuel supply apparatus configured to switch a supply passage switching
portion such that one of first fuel oil and second fuel oil used to produce water-emulsion fuel
containing fuel oil and water is supplied to a diesel engine, the fuel supply apparatus including
a determining portion configured to determine whether the fuel oil supplied to the diesel engine
is the first fuel oil or the second fuel oil.

[0015] According to the fuel supply apparatus with the fuel switching function of the first
aspect of the present invention, for example, in a case where the second fuel emulsion
(Bunker C emulsion) containing the second fuel oil (Bunker C) and the water is produced and
supplied to the diesel engine, and the determining portion has determined that the fuel oil
supplied to the diesel engine is the second fuel oil (Bunker C) in a state where the supply
passage switching portion is switched such that the second fuel oil (Bunker C) is supplied to
the diesel engine, the second fuel emulsion can be produced by supplying the water to the
second fuel oil (Bunker C) and then can be supplied to the diesel engine.

[0016] Then, when the determining portion has determined that the fuel oil supplied to the
diesel engine is, for example, the first fuel oil (Bunker A), the supply of the water is not
performed until the determining portion determines that the fuel oil supplied to the diesel
engine is the second fuel oil (Bunker C). When the determining portion has determined that the
fuel oil supplied to the diesel engine is the second fuel oil (Bunker C), the second fuel emulsion
(Bunker C emulsion) can be produced by supplying the water to the second fuel oil (Bunker C)
and then can be supplied to the diesel engine.

[0017] The reason why the water is not supplied to the first fuel oil when the determining
portion has determined that the fuel oil supplied to the diesel engine is the first fuel oil (Bunker
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A) is because there is a possibility that unexpected damages occur on the diesel engine and
the fuel supply system if the first fuel oil and the water are mixed with each other and the
obtained unstable water-emulsion fuel not containing an additive is supplied to the diesel
engine.

[0018] In the fuel supply apparatus with the fuel switching function according to the first aspect
of the present invention, when the determining portion has determined that the fuel oil supplied
to the diesel engine is the first fuel oil, a supply method output portion may output a first
emulsion signal indicating that the water and an additive should be mixed in the first fuel oil.

[0019] With this, in a case where the first fuel oil (Bunker A, for example) is such a fuel oil that
can be used as the first fuel emulsion by being mixed with the water and the additive, and
when the determining portion has determined that the fuel oil supplied to the diesel engine is
the first fuel oil, the supply method output portion can output a first emulsion signal indicating
that the water and the additive should be mixed with the first fuel oil. Then, for example, the
first emulsion signal causes the display portion to display that the water and the additive should
be mixed with the first fuel oil. With this, the operator can see the display and perform the
operation of mixing the water and the additive with the first fuel oil, and the first fuel emulsion
produced by mixing the water and the additive in the first fuel oil can be surely supplied to the
diesel engine. Moreover, the first emulsion signal may cause respective devices to perform the
operation of automatically mixing the water and the additive in the first fuel oil.

[0020] In the fuel supply apparatus with the fuel switching function according to the first aspect
of the present invention, when the determining portion has determined that the fuel oil supplied
to the diesel engine is the second fuel oil, a supply method output portion may output a second
emulsion signal indicating that the water should be mixed in the second fuel oil.

[0021] With this, in a case where the second fuel oil (Bunker C, for example) is such a fuel oil
that can be used as the second fuel emulsion by being mixed with the water, and when the
determining portion has determined that the fuel oil supplied to the diesel engine is the second
fuel oil, the supply method output portion can output the second emulsion signal indicating that
the water should be mixed in the second fuel oil. Then, for example, the second emulsion
signal can cause the display portion to display that the water should be mixed in the second
fuel oil. With this, the operator can see the display and confirm that the fuel oil supplied to the
diesel engine is the second fuel oil. After that, the operator can perform the operation of mixing
the water in the second fuel oil. Therefore, the second fuel emulsion produced by mixing the
water in the second fuel oil can be surely supplied to the diesel engine. Moreover, the second
emulsion signal may cause respective devices to perform the operation of automatically mixing
the water in the second fuel oil.

[0022] The fuel supply apparatus with the fuel switching function according to the first aspect
of the present invention may include a first interlock portion configured to set such that the
water and the additive are able to be automatically or manually supplied to the first fuel oil, on
a condition that the supply method output portion has output the first emulsion signal.
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[0023] A case where the supply method output portion outputs the first emulsion signal as
above is a case where the determining portion has determined that the fuel oil supplied to the
diesel engine is the first fuel oil (Bunker A, for example). On the condition that the determining
portion has determined that the fuel oil supplied to the diesel engine is the first fuel oil (Bunker
A, for example), the fuel supply apparatus with the fuel switching function can set such that the
water and the additive can be automatically or manually supplied to the first fuel oil.

[0024] Therefore, when the determining portion has determined that the second fuel oil
(Bunker C, for example) is being supplied to the diesel engine, the first interlock portion can
prohibit the water and the additive from being automatically or manually supplied.

[0025] The fuel supply apparatus with the fuel switching function according to the first aspect
of the present invention may include a second interlock portion configured to set such that the
water is able to be automatically or manually supplied to the second fuel oil, on a condition that
the supply method output portion has output the second emulsion signal.

[0026] A case where the supply method output portion outputs the second emulsion signal as
above is a case where the determining portion has determined that the fuel oil supplied to the
diesel engine is the second fuel oil (Bunker C, for example). On the condition that the
determining portion has determined that the fuel oil supplied to the diesel engine is the second
fuel oil (Bunker C, for example), the fuel supply apparatus with the fuel switching function can
set such that the water can be automatically or manually supplied to the second fuel oil.

[0027] Therefore, when the determining portion has determined that the first fuel oil (Bunker
A, for example) is being supplied to the diesel engine, the second interlock portion can prohibit
the water (not containing the additive) from being automatically or manually supplied.

[0028] The fuel supply apparatus with the fuel switching function according to a second aspect
of the present invention is a fuel supply apparatus configured to switch from a state where first
fuel oil not containing water is being supplied to a diesel engine to a state where a second fuel
emulsion containing second fuel oil and the water is supplied to the diesel engine, the fuel
supply apparatus including: a supply passage switching portion configured to switch supply
passages such that a desired one of the first fuel oil and the second fuel oil is supplied to the
diesel engine; a fuel density detecting portion configured to detect density of the fuel oil
supplied to the diesel engine; a water supply portion configured to supply the water to a mixer
communicating with the diesel engine; and a third interlock portion configured to set such that
the water supply portion is able to supply the water, on a condition that the fuel density
detecting portion has detected the density of the second fuel oil since the supply passage
switching portion has been switched to supply the second fuel oil to the diesel engine when
switching from the state where the first fuel is being supplied to the diesel engine to the state
where the second fuel emulsion is supplied to the diesel engine.

[0029] The fuel supply apparatus with the fuel switching function according to the second
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aspect of the present invention can switch from the state where the first fuel oil (Bunker A, for
example) not containing the water is being supplied to the diesel engine to the state where the
second fuel emulsion containing the second fuel oil (Bunker C, for example) and the water is
supplied to the diesel engine. Then, the water supply portion can supply the water on the
condition that the fuel density detecting portion has detected the density of the second fuel oil
since the supply passage switching portion has been switched to supply the second fuel oil to
the diesel engine when switching the state as above.

[0030] Therefore, when the fuel density detecting portion is not detecting the density of the
second fuel oil, the third interlock portion can prohibit the water (not containing the additive)
from being supplied through the mixer to the diesel engine. With this, unexpected damages on
the diesel engine and the fuel supply system can be surely prevented from occurring.

[0031] The fuel supply apparatus with the fuel switching function according to a third aspect of
the present invention is a fuel supply apparatus configured to switch from a state where a
second fuel emulsion containing second fuel oil and water is being supplied to a diesel engine
to a state where first fuel oil not containing the water is supplied to the diesel engine, the fuel
supply apparatus including: a water supply portion configured to supply the water to a mixer
communicating with the diesel engine; a fuel density detecting portion configured to detect
density of the fuel oil supplied to the diesel engine; a supply passage switching portion
configured to switch supply passages such that a desired one of the first fuel oil and the
second fuel oil is supplied to the diesel engine; and a fourth interlock portion configured to set
such that the supply passage switching portion is able to be switched to supply the first fuel oil
to the diesel engine, on a condition that the fuel density detecting portion has detected the
density of the second fuel oil since the water supply portion has stopped supplying the water
when switching from the state where the second fuel emulsion is being supplied to the diesel
engine to the state where the first fuel oil is supplied to the diesel engine.

[0032] The fuel supply apparatus with the fuel switching function according to the third aspect
of the present invention can switch from the state where the second fuel emulsion containing
the second fuel oil (Bunker C, for example) and the water is being supplied to the diesel engine
to the state where the first fuel oil (Bunker A, for example) not containing the water is supplied
to the diesel engine. Then, the supply passage switching portion can be switched to supply the
first fuel oil (Bunker A, for example) to the diesel engine on the condition that the fuel density
detecting portion has detected the density of the second fuel oil (Bunker C, for example) since
the water supply portion has stopped supplying the water when switching the state as above.

[0033] Therefore, when the fuel density detecting portion is not detecting the density of the
second fuel oil, the fourth interlock portion can prohibit the supply passage switching portion
from being switched such that the first fuel oil (Bunker A, for example) is supplied to the diesel
engine. With this, unexpected damages on the diesel engine and the fuel supply system can
be surely prevented from occurring.

[0034] The fuel supply apparatus with the fuel switching function according to a fourth aspect
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of the present invention is a fuel supply apparatus configured to switch from a state where a
second fuel emulsion containing second fuel oil and water is being supplied to a diesel engine
to a state where a first fuel emulsion containing first fuel oil, the water, and an additive is
supplied to the diesel engine, the fuel supply apparatus including: a water supply portion
configured to supply the water to a mixer communicating with the diesel engine; an additive
supply portion configured to supply the additive to the mixer; a fuel density detecting portion
configured to detect density of the fuel oil supplied to the diesel engine; a supply passage
switching portion configured to switch supply passages such that a desired one of the first fuel
oil and the second fuel oil is supplied to the diesel engine; a fifth interlock portion configured to
set such that the supply passage switching portion is able to be switched to supply the first fuel
oil to the diesel engine, on a condition that the fuel density detecting portion has detected the
density of the second fuel oil since the water supply portion has stopped supplying the water
when switching from the state where the second fuel emulsion is being supplied to the diesel
engine to the state where the first fuel emulsion is supplied to the diesel engine; and a sixth
interlock portion configured to set such that the water supply portion is able to supply the water
and the additive supply portion is able to supply the additive, on a condition that the fuel
density detecting portion has detected the density of the first fuel oil since the supply passage
switching portion has been switched to supply the first fuel oil to the diesel engine.

[0035] The fuel supply apparatus with the fuel switching function according to the fourth
aspect of the present invention can switch from the state where the second fuel emulsion
containing the second fuel oil (Bunker C, for example) and the water is being supplied to the
diesel engine to the state where the first fuel emulsion containing the first fuel oil (Bunker A, for
example), the water, and the additive is supplied to the diesel engine. Then, the supply
passage switching portion can be switched to supply the first fuel oil to the diesel engine on the
condition that the fuel density detecting portion has detected the density of the second fuel oil
since the water supply portion has stopped supplying the water when switching the state as
above.

[0036] Therefore, when the fuel density detecting portion is not detecting the density of the
second fuel oil, the fifth interlock portion can prohibit the supply passage switching portion from
being switched such that the first fuel oil (Bunker A, for example) is supplied to the diesel
engine.

[0037] Moreover, the fuel supply apparatus with the fuel switching function can set such that
the water supply portion can supply the water and the additive supply portion can supply the
additive, on the condition that the fuel density detecting portion has detected the density of the
first fuel oil since the supply passage switching portion has been switched to supply the first
fuel oil (Bunker A, for example) to the diesel engine.

[0038] Therefore, when the fuel density detecting portion is not detecting the density of the
first fuel oil (Bunker A, for example), the sixth interlock portion can prohibit the water supply
portion from supplying the water and the additive supply portion from supplying the additive.
With this, unexpected damages on the diesel engine and the fuel supply system can be surely
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prevented from occurring.

[0039] The fuel supply apparatus with the fuel switching function according to a fifth aspect of
the present invention is a fuel supply apparatus configured to switch from a state where a first
fuel emulsion containing first fuel oil, water, and an additive is being supplied to a diesel engine
to a state where a second fuel emulsion containing second fuel oil and the water is supplied to
the diesel engine, the fuel supply apparatus including: a water supply portion configured to
supply the water to a mixer communicating with the diesel engine; an additive supply portion
configured to supply the additive to the mixer; a fuel density detecting portion configured to
detect density of the fuel oil supplied to the diesel engine; a supply passage switching portion
configured to switch supply passages such that a desired one of the first fuel oil and the
second fuel oil is supplied to the diesel engine; a seventh interlock portion configured to set
such that the supply passage switching portion is able to be switched to supply the second fuel
oil to the diesel engine, on a condition that the fuel density detecting portion has detected the
density of the first fuel oil since the water supply portion has stopped supplying the water and
the additive supply portion has stopped supplying the additive when switching from the state
where the first fuel emulsion is being supplied to the diesel engine to the state where the
second fuel emulsion is supplied to the diesel engine; and an eighth interlock portion
configured to set such that the water supply portion is able to supply the water, on a condition
that the fuel density detecting portion has detected the density of the second fuel oil since the
supply passage switching portion has been switched to supply the second fuel oil to the diesel
engine.

[0040] The fuel supply apparatus with the fuel switching function according to the fifth aspect
of the present invention can switch from the state where the first fuel emulsion containing the
first fuel oil (Bunker A, for example), the water, and the additive is being supplied to the diesel
engine to the state where the second fuel emulsion containing the second fuel oil (Bunker C,
for example) and the water is supplied to the diesel engine. Then, the supply passage
switching portion can be switched to supply the second fuel oil to the diesel engine on the
condition that the fuel density detecting portion has detected the density of the first fuel oil
since the water supply portion has stopped supplying the water and the additive supply portion
has stopped supplying the additive when switching the state as above.

[0041] Therefore, when the fuel density detecting portion is not detecting the density of the
first fuel oil, the seventh interlock portion can prohibit the supply passage switching portion
from being switched such that the second fuel oil is supplied to the diesel engine.

[0042] Moreover, on the condition that the fuel density detecting portion has detected the
density of the second fuel oil since the supply passage switching portion has been switched to
supply the second fuel oil (Bunker C, for example) to the diesel engine, the fuel supply
apparatus with the fuel switching function can set such that the water supply portion can supply
the water.

[0043] Therefore, when the fuel density detecting portion is not detecting the density of the



DK/EP 2532862 T3

second fuel oil, the eighth interlock portion can prohibit the water supply portion from supplying
the water. With this, unexpected damages on the diesel engine and the fuel supply system can
be surely prevented from occurring.

Advantageous Effects of Invention

[0044] The fuel supply apparatus with the fuel switching function according to the first aspect
of the present invention is configured such that the determining portion can determine whether
the fuel oil currently supplied to the diesel engine is the first fuel oil (Bunker A, for example) or
the second fuel oil (Bunker C, for example). Based on the result of the determination by the
determining portion, the fuel supply apparatus with the fuel switching function can supply the
appropriate water-emulsion fuel or fuel to the diesel engine. Therefore, unexpected damages
on the diesel engine and the fuel supply system can be surely prevented from occurring.

Brief Description of Drawings

[0045]

[Fig. 1] Fig. 1 is a circuit diagram showing a fuel supply apparatus with a fuel switching function
according to Embodiment 1 of the present invention.

[Fig. 2] Fig. 2 is a circuit diagram showing the fuel supply apparatus with the fuel switching
function according to Embodiment 2 of the present invention.

[Fig. 3] Fig. 3 is a diagram showing switching patterns and procedures of various heavy oil
emulsions in the fuel supply apparatus with the fuel switching function according to
Embodiments 1 and 2 of the present invention.

Description of Embodiments

[0046] Hereinafter, Embodiment 1 of a fuel supply apparatus with a fuel switching function
(hereinafter may be simply referred to as a "fuel supply apparatus") according to the present
invention will be explained in reference to Figs. 1 and 3. A fuel supply apparatus 11 with a fuel
switching function is capable of, in a desired scene such as start or stop of a diesel engine 12,
producing and using a fuel suitable for such a scene by selecting predetermined materials
among plural types of oil such as first fuel oil (Bunker A, for example) and second fuel oil
(Bunker C, for example), and water and also capable of supplying such a fuel to the diesel
engine 12 in such a desired scene.
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[0047] To be specific, as one example of a fuel supply pattern by the fuel supply apparatus 11
shown in Fig. 1, a Bunker C emulsion obtained by mixing second fuel oil (Bunker C, for
example) stored in a second fuel tank 14 and water stored in a water tank 15 by using a mixer
19 can be caused to circulate in a circulation line 18, and the Bunker C emulsion circulating in
the circulation line 18 can be supplied to the diesel engine 12 connected to the circulation line
18.

[0048] At this time, an operating lever of a supply passage switching portion 20 is operated
such that the second fuel (Bunker C) in the second fuel tank 14 is drawn into a suction port of a
fuel supply pump 21, and an on-off valve 22 provided on a second supply line 17 is open.
Then, the fuel supply pump 21, a water supply pump 23, and a fuel circulation pump 24 are
operating.

[0049] As another example of the fuel supply pattern by the fuel supply apparatus 11 shown in
Fig. 1, the first fuel oil (Bunker A, for example) stored in a first fuel tank 13 can be caused to
circulate in the circulation line 18, and the Bunker A circulating in the circulation line 18 can be
supplied to the diesel engine 12 connected to the circulation line 18.

[0050] At this time, the operating lever of the supply passage switching portion 20 is operated
such that the first fuel (Bunker A) in the first fuel tank 13 is drawn into the suction port of the
fuel supply pump 21, and the on-off valve 22 is closed. Then, the fuel supply pump 21 and the
fuel circulation pump 24 are operating, but the water supply pump 23 is in a stop state.

[0051] Yet another example of the fuel supply pattern by the fuel supply apparatus 11 shown
in Fig. 1, the second fuel oil (Bunker C, for example) stored in the second fuel tank 14 can be
caused to circulate in the circulation line 18, and the Bunker C circulating in the circulation line
18 can be supplied to the diesel engine 12 connected to the circulation line 18.

[0052] At this time, the operating lever of the supply passage switching portion 20 is operated
such that the second fuel (Bunker C) in the second fuel tank 14 is drawn into the suction port of
the fuel supply pump 21, and the on-off valve 22 is closed. Then, the fuel supply pump 21 and
the fuel circulation pump 24 are operating, but the water supply pump 23 is in a stop state.

[0053] The first fuel tank 13 can store the first fuel oil, and the first fuel oil is, for example,
Bunker A.

[0054] The second fuel tank 14 can store the second fuel oil, and the second fuel is, for
example, Bunker C.

[0055] As shown in Fig. 1, exits of the first fuel tank 13 and the second fuel tank 14 are
connected to the supply passage switching portion 20 (three-way selector valve) through pipes
25 and 26, respectively. The supply passage switching portion 20 can switch fuel supply
passages such that desired heavy oil out of Bunker A stored in the first fuel tank 13 and Bunker
C stored in the second fuel tank 14 is introduced to the suction port of the fuel supply pump 21
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located downstream of the supply passage switching portion 20.

[0056] The fuel supply pump 21 can supply the heavy oil to the mixer 19, the heavy oil having
been introduced through the supply passage switching portion 20 and being Bunker A in the
first fuel tank 13 or Bunker C in the second fuel tank 14, and can apply predetermined
pressure to the fuel (Bunker A, Bunker C, or the Bunker C emulsion) in the circulation line 18.
The fuel supply pump 21 is provided on a portion of a first supply line 16 (pipe) connecting the
supply passage switching portion 20 and a first entrance of the mixer 19. The fuel supply pump
21 is configured to be driven by an electric motor, not shown.

[0057] As shown in Fig. 1, a first fuel density detecting portion 27 is provided on a portion of
the first supply line 16 so as to be located downstream of the fuel supply pump 21.

[0058] The first fuel density detecting portion 27 can detect the density of the fuel, such as
Bunker A or Bunker C, supplied through the first supply line 16 to the circulation line 18,
generate a density signal corresponding to the detected density of the fuel, and transmit the
density signal to a below-described controller 28.

[0059] The water tank 15 can store water, and the water supply pump 23 (water supply
portion) is connected to an exit of the water tank 15.

[0060] The water supply pump 23 can supply the water in the water tank 15 to the mixer 19
and is provided on a portion of the second supply line 17 (pipe) connecting the exit of the water
tank 15 and a second entrance of the mixer 19. The water supply pump 23 is configured to be
driven by, for example, an electric motor.

[0061] As shown in Fig. 1, the on-off valve 22 is provided on a portion of the second supply
line 17 so as to be located downstream of the water supply pump 23. The on-off valve 22 can
close the second supply line 17. With this, the water can be prevented from flowing into the
mixer 19.

[0062] Next, the circulation line 18 shown in Fig. 1 will be explained. The circulation line 18 is
formed by a pipe connected in an annular shape and is configured such that a water-emulsion
fuel containing water or a fuel not containing water flows through the circulation line 18 in a
counterclockwise direction. By the circulation line 18, the water-emulsion fuel circulating in the
circulation line 18 or the fuel not containing the water and circulating in the circulation line 18
can be supplied to the diesel engine 12 connected to the circulation line 18. The mixer 19, a
second fuel density detecting portion 29, the fuel circulation pump 24, the diesel engine 12,
and a return chamber 30 are provided on the circulation line 18.

[0063] The mixer 19 can produce the Bunker C emulsion by mixing and stirring the second
fuel (Bunker C) supplied by the fuel supply pump 21 and the water supplied by the water
supply pump 23. The Bunker C emulsion produced by the mixer 19 is supplied to the second
fuel density detecting portion 29 provided downstream of the mixer 19. Moreover, only Bunker
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A or Bunker C may be supplied to the mixer 19 without supplying the water, and Bunker A or
Bunker C may be then supplied to the second fuel density detecting portion 29.

[0064] The second fuel density detecting portion 29 can detect the density of the fuel, such as
Bunker A, Bunker C, or the Bunker C emulsion, circulating through the circulation line 18,
generate the density signal corresponding to the detected density of the fuel, and transmit the
density signal to the below-described controller 28.

[0065] The fuel circulation pump 24 can increase the pressure of the fuel, such as the Bunker
C emulsion, in the circulation line 18 to predetermined pressure to cause the fuel to circulate.
The fuel circulation pump 24 is configured to be driven by, for example, an electric motor.

[0066] The diesel engine 12 is connected to the circulation line 18 and is configured to receive
the fuel, such as the Bunker C emulsion or Bunker A, flowing in the circulation line 18. The
diesel engine 12 is provided with a fuel injection pump (not shown), and the fuel injection pump
can increase the pressure of the fuel, such as the Bunker C emulsion, supplied through the
circulation line 18 up to injection pressure and inject the fuel from a fuel injection valve of the
diesel engine 12 to a combustion chamber of the diesel engine 12.

[0067] The return chamber 30 is a chamber provided for returning the fuel, such as the
Bunker C emulsion, unconsumed in the diesel engine 12, to the mixer 19 through the
circulation line 18.

[0068] Next, the controller 28 shown in Fig. 1 will be explained. The controller 28 is constituted
by a central processing unit and can perform various calculations and processing operations in
accordance with a predetermined program prestored in a storage portion. As shown in Fig. 1,
the controller 28 is electrically connected to the fuel supply pump 21, the fuel circulation pump
24, the water supply pump 23, the supply passage switching valve, the first fuel density
detecting portion 27, the second fuel density detecting portion 29, the on-off valve 22, the
diesel engine 12, and the like and can control the operations of these components. In addition,
the controller 28 can calculate or process signals transmitted from these components and can
cause these components to perform predetermined operations.

[0069] Although not shown, the controller 28 includes a determining portion, a supply method
output portion, a third interlock portion (second interlock portion), and a fourth interlock portion.

[0070] The determining portion can determine whether or not the fuel oil supplied to the diesel
engine 12 is the first fuel oil (Bunker A) and whether or not the fuel oil supplied to the diesel
engine 12 is the second fuel oil (Bunker C).

[0071] To be specific, based on the density signal transmitted from the first fuel density
detecting portion 27 shown in Fig. 1 to the controller 28, the determining portion can
determine, for example, whether or not the fuel supplied through the first supply line 16 to the
circulation line 18 is the Bunker A, whether or not the fuel is the Bunker C, and whether or not
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the fuel is the Bunker C emulsion.

[0072] In addition, based on the density signal transmitted from the second fuel density
detecting portion 29 shown in Fig. 1 to the controller 28, the determining portion can
determine, for example, whether or not the fuel supplied through the circulation line 18 to the
diesel engine 12 is Bunker A, whether or not the fuel is Bunker C, and whether or not the fuel is
the Bunker C emulsion.

[0073] When the determining portion has determined that the fuel oil flowing in the first supply
line 16 is complete (unmixed) (hereinafter may be simply referred to as "complete") second
fuel oil (Bunker C) and has further determined that the fuel oil flowing in the circulation line 18
is the second fuel oil (Bunker C), the supply method output portion can output a second
emulsion signal indicating that water should be mixed in the second fuel oil (Bunker C).

[0074] It should be noted that a case where as described above, the determining portion
outputs the second emulsion signal, indicating that the water should be mixed in the second
fuel oil (Bunker C), when the determining portion has determined that each of the fuel oil
flowing through the first supply line 16 and the fuel oil flowing through the circulation line 18 is
the second fuel oil (Bunker C) is a case where, for example, an operator has operated the fuel
supply apparatus 11 in advance to set such that the Bunker C emulsion is supplied to the
diesel engine 12, and the supply passage switching portion 20 shown in Fig. 1 has been
switched and the Bunker C in the second fuel tank 14 is being supplied to the first supply line
16.

[0075] Therefore, in a case where the operator has operated the fuel supply apparatus 11 to
set such that only Bunker C not containing water is supplied to the diesel engine 12, the
determining portion does not output the second emulsion signal even when the determining
portion has determined that the fuel oil flowing through the first supply line 16 is the second
fuel oil (Bunker C) and that the fuel oil flowing through the circulation line 18 is the second fuel
oil (Bunker C).

[0076] The second emulsion signal is a signal indicating that water should be mixed in the
second fuel oil (Bunker C). Specifically, the second emulsion signal is a signal which
automatically opens the on-off valve 22 of the second supply line 17 shown in Fig. 1 and
automatically drives the water supply pump 23 to supply the water to the mixer 19. Further, by
the second emulsion signal, a display portion (not shown) displays that the on-off valve 22 is
opened and the water supply pump 23 is driven.

[0077] In addition, at this time, the display portion can display that the first fuel density
detecting portion 27 has detected that the fuel flowing through the first supply line 16 is the
complete Bunker C and the second fuel density detecting portion 29 has detected that the fuel
flowing through the circulation line 18 is the complete Bunker C.

[0078] Here, the purpose of waiting the output of the second emulsion signal until the
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determining portion determines that the fuel oil flowing through both the first supply line 16 and
the circulation line 18 is the second fuel oil (Bunker C) and outputting the second emulsion
signal when the determining portion has determined that the fuel oil flowing through the first
supply line 16 and the circulation line 18 is the second fuel oil (Bunker C) is to surely prevent
the water from being supplied to the circulation line 18 with Bunker A remaining in even one of
the first supply line 16 and the circulation line 18. This is because if the water is mixed in
Bunker A without an additive, the diesel engine 12 and the fuel supply system (the circulation
line 18 and the like) are adversely affected.

[0079] As above, according to the fuel supply apparatus 11 with the fuel switching function,
since the determining portion can determine whether or not the fuel oil currently supplied to the
diesel engine 12 is the first fuel oil (Bunker A, for example) and whether or not the fuel oil is the
second fuel oil (Bunker C, for example), predetermined fuel oil, such as an appropriate water-
emulsion fuel, can be supplied to the diesel engine 12. Therefore, unexpected damages on the
diesel engine 12 and the fuel supply system can be surely prevented from occurring.

[0080] The fuel supply apparatus 11 is configured such that when the supply method output
portion has output the second emulsion signal, the on-off valve 22 of the second supply line 17
is automatically opened and the water supply pump 23 is automatically driven to supply the
water to the mixer 19. However, instead of this, the fuel supply apparatus 11 may be
configured such that the operator sees the display portion displaying that "open the on-off
valve 22 and drive the water supply pump 23" and then performs these operations.

[0081] With this, the operator can see the display portion to confirm that the fuel flowing
through both the first supply line 16 and the circulation line 18 is the second fuel oil (Bunker C),
and in this state, the operator can perform an operation of mixing the water in the second fuel
oil (Bunker C). Therefore, the Bunker C emulsion produced by mixing the water in the second
fuel oil (Bunker C) can be surely supplied to the diesel engine 12.

[0082] Next, the third interlock portion (second interlock portion) included in the controller 28
will be explained in reference to Fig. 3. As shown in Fig. 3, 1.(1), the fuel supply apparatus 11
with the fuel switching function shown in Fig. 1 and including the third interlock portion (second
interlock portion) can switch from a state where the first fuel oil (Bunker A) not containing water
is being supplied to the diesel engine 12 to a state where the Bunker C emulsion containing the
second fuel oil (Bunker C) and water is supplied to the diesel engine 12.

[0083] One example of a scene in which the fuel supplied to the diesel engine 12 is switched
from Bunker A to the Bunker C emulsion as above is a scene in which the diesel engine 12 is
started from a state where the ship is being anchored. Here, the reason why Bunker A is
supplied to the diesel engine 12 when anchoring the ship is because even if Bunker A is
supplied to the diesel engine 12, the first supply line 16, and the circulation line 18 shown in
Fig. 1 and the diesel engine 12 stops for a long period of time, Bunker A having low viscosity
does not solidify and the diesel engine 12 can be started comparatively easily. In the case of
Bunker C having high viscosity, it is difficult to start the diesel engine 12.
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[0084] The purpose of supplying the Bunker C emulsion when starting the diesel engine 12 is
to reduce NOx in an exhaust gas of the diesel engine 12 and reduce fuel cost.

[0085] The procedure of the above-described fuel switching is as follows. The supply passage
switching portion 20 is being currently set such that Bunker A in the first fuel tank 13 is supplied
to the fuel supply pump 21. Therefore, first, the supply passage switching portion 20 is
manually or automatically operated such that Bunker C in the second fuel tank 14 is supplied to
the fuel supply pump 21 (see Fig. 3, 1.(1)(a)). To be specific, Bunker A is consumed in the
diesel engine 12, and therefore, by operating the supply passage switching portion 20 as
above, the fuel oil in the first supply line 16 and the circulation line 18 can be changed from
Bunker A to Bunker C. The purpose of changing the fuel oil in the first supply line 16 and the
circulation line 18 from Bunker A to Bunker C as above is to prevent water from being mixed in
Bunker A remaining in the lines 16 and 18.

[0086] Next, when both the fuel oil flowing through the first supply line 16 and the fuel oil
flowing through the circulation line 18 have become the complete Bunker C, the first and
second fuel density detecting portions 27 and 29 output the density signals indicating so. Then,
the determining portion determines that the heavy oil supplied to the diesel engine 12 is
Bunker C, and the supply method output portion outputs based on the result of the
determination the second emulsion signal indicating that the water should be mixed in the
second fuel oil (Bunker C) (see Fig. 3, 1.(1)(b)).

[0087] After that, the on-off valve 22 is manually or automatically opened and the water supply
pump 23 is driven to supply the water to the mixer 19 (see Fig. 3, 1.(1)(c)). Thus, the supplied
fuel can be switched from Bunker A to the Bunker C emulsion.

[0088] Here, on the condition that each of both the first and second fuel density detecting
portions 27 and 29 has output the density signal indicating that the fuel oil flowing through the
first supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker
C (see Fig. 3, 1.(1)(b)), the third interlock portion (second interlock portion) can set such that
the on-off valve 22 can be manually or automatically opened and the water supply pump 23
can be manually or automatically driven to supply the water to the mixer 19 (see Fig. 3, 1.(1)

(c)).

[0089] Therefore, when at least one of the first and second fuel density detecting portions 27
and 29 does not output the density signal indicating that the fuel oil flowing through the first
supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker C (for
example, when at least one of the first and second fuel density detecting portions 27 and 29
outputs the density signal indicating that Bunker A is mixed in the fuel oil flowing through the
first supply line 16 or the fuel oil flowing through the circulation line 18), the third interlock
portion (second interlock portion) can prohibit the water (not containing an additive) from being
supplied to the diesel engine 12 by the misoperation of the operator or the malfunction of a
device (for example, prohibit the on-off valve 22 from being opened and the water supply
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pump 23 from being driven). With this, unexpected damages on the diesel engine 12 and the
fuel supply system can be surely prevented from occurring.

[0090] Next, the fourth interlock portion included in the controller 28 will be explained in
reference to Fig. 3. As shown in Fig. 3, 1.(2), the fuel supply apparatus 11 with the fuel
switching function shown in Fig. 1 and including the fourth interlock portion can switch from a
state where the Bunker C emulsion containing the second fuel oil (Bunker C) and water is
supplied to the diesel engine 12 to a state where the first fuel oil (Bunker A) not containing
water is supplied to the diesel engine 12.

[0091] One example of a scene in which the fuel supplied to the diesel engine 12 is switched
from the Bunker C emulsion to Bunker A as above is a scene in which the diesel engine 12 is
stopped to anchor the ship. The reason why Bunker A is supplied to the diesel engine 12 when
anchoring the ship is described above.

[0092] The procedure of the above-described fuel switching is as follows. The supply passage
switching portion 20 is being currently set such that Bunker C in the second fuel tank 14 is
supplied to the fuel supply pump 21, and the water in the water tank 15 is being supplied to the
mixer 19. Therefore, first, the water supply pump 23 is manually or automatically stopped, and
the on-off valve 22 is closed to stop supplying the water to the mixer 19 (see Fig. 3, 1.(2)(a)).
To be specific, the Bunker C emulsion is consumed in the diesel engine 12, and therefore, by
the above operation, the fuel oil in the circulation line 18 can be changed from the Bunker C
emulsion to Bunker C. The purpose of changing the fuel oil in the circulation line 18 from the
Bunker C emulsion to Bunker C as above is to prevent Bunker A from being mixed in the
Bunker C emulsion remaining in the circulation line 18.

[0093] Next, when both the fuel oil flowing through the first supply line 16 and the fuel oil
flowing through the circulation line 18 have become the complete Bunker C, the first and
second fuel density detecting portions 27 and 29 output the density signals indicating so. Then,
the determining portion determines that the heavy oil supplied to the diesel engine 12 is
Bunker C (see Fig. 3, 1.(2)(b)).

[0094] After that, the supply passage switching portion 20 is manually or automatically
operated such that Bunker Ain the first fuel tank 13 is supplied to the fuel supply pump 21 (see
Fig. 3, 1.(2)(c)). Thus, the supplied fuel can be switched from the Bunker C emulsion to Bunker
A.

[0095] Here, on the condition that each of both the first and second fuel density detecting
portions 27 and 29 has output the density signal indicating that the fuel oil flowing through the
first supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker
C (see Fig. 3, 1.(2)(b)), the fourth interlock portion can set such that the supply passage
switching portion 20 can be manually or automatically operated to supply Bunker A in the first
fuel tank 13 to the fuel supply pump 21 (see Fig. 3, 1.(2)(c)).
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[0096] Therefore, when at least one of the first and second fuel density detecting portions 27
and 29 does not output the density signal indicating that the fuel oil flowing through the first
supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker C (for
example, when at least one of the first and second fuel density detecting portions 27 and 29
outputs the density signal indicating that the fuel oil flowing through the first supply line 16 or
the fuel oil flowing through the circulation line 18 is not the complete Bunker C), the fourth
interlock portion can prohibit Bunker A from being supplied to the diesel engine 12 by the
erroneous operation of the operator or the malfunction of a device (for example, prohibit
Bunker A in the first fuel tank 13 from being supplied to the fuel supply pump 21 by operating
the supply passage switching portion 20). With this, unexpected damages on the diesel engine
12 and the fuel supply system can be surely prevented from occurring.

[0097] Next, Embodiment 2 of the fuel supply apparatus with the fuel switching function
(hereinafter may be simply referred to as the "fuel supply apparatus") according to the present
invention will be explained in reference to Figs. 2 and 3. A fuel supply apparatus 32 of
Embodiment 2 shown in Fig. 2 is configured such that the fuel supply apparatus 11 of
Embodiment 1 shown in Fig. 1 further includes an additive tank 33, an additive supply pump
34, and an on-off valve 35.

[0098] The additive tank 33 can store, for example, a liquid additive, such as a surfactant, and
the additive supply pump 34 is connected to an exit of the additive tank 33.

[0099] The additive supply pump 34 can supply the additive in the additive tank 33 to the
mixer 19 and is provided on a portion of the second supply line 17 (pipe) connecting the exit of
the additive tank 33 and the second entrance of the mixer 19. The additive supply pump 34 is
configured to be driven by, for example, an electric motor.

[0100] As shown in Fig. 2, the on-off valve 35 is provided on a portion of the second supply
line 17, that is, on a pipe 36 located downstream of the additive supply pump 34. The on-off
valve 36 can close the pipe 36 connected to a discharge port of the additive supply pump 34
and thus prevents the additive from flowing into the mixer 19.

[0101] As shown in Fig. 2, the on-off valve 22 is provided on a pipe 37 located downstream of
the water supply pump 23. As with Embodiment 1 shown in Fig. 1, the on-off valve 22 can
close the pipe 37 connected to a discharge port of the water supply pump 23 and thus
prevents the water from flowing into the mixer 19.

[0102] As shown in Fig. 2, the additive supply pump 34 and the on-off valve 35 are electrically
connected to the controller 28, and the controller 28 can control the operations of these
components.

[0103] Further, the controller 28 includes the determining portion and the like included in the
controller 28 of Embodiment 1 and further includes a fifth interlock portion, a sixth interlock
portion (first interlock portion), a seventh interlock portion, and an eighth interlock portion
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(second interlock portion).

[0104] Other than the above, the fuel supply apparatus 32 of Embodiment 2 is the same in
configuration as the fuel supply apparatus 11 of Embodiment 1 shown in Fig. 1, and the actions
thereof are the same as those of Embodiment 1. Therefore, the same reference signs are
used for the same components, and explanations thereof are omitted.

[0105] Next, one example of the fuel supply pattern which can be used by the fuel supply
apparatus 32 shown in Fig. 2 will be explained. The fuel supply apparatus 32 can use the fuel
supply pattern of Embodiment 1. Further, the fuel supply apparatus 32 is configured such that
a Bunker A emulsion obtained by mixing the first fuel oil (Bunker A, for example) stored in the
first fuel tank 13, the water stored in the water tank 15, and the additive stored in the additive
tank 33 by using the mixer 19 can be caused to circulate in the circulation line 18 and the
Bunker A emulsion circulating in the circulation line 18 can be supplied to the diesel engine 12
connected to the circulation line 18.

[0106] At this time, the operating lever of the supply passage switching portion 20 is operated
such that the first fuel (Bunker A) in the first fuel tank 13 is drawn into the suction port of the
fuel supply pump 21, and the on-off valves 22 and 35 on the second supply line 17 are open.
Then, the fuel supply pump 21, the water supply pump 23, the additive supply pump 34, and
the fuel circulation pump 24 are operating.

[0107] Next, the fifth interlock portion and sixth interlock portion (first interlock portion)
included in the controller 28 will be explained in reference to Fig. 3. As shown in Fig. 3, 2.(3),
the fuel supply apparatus 32 with the fuel switching function shown in Fig. 2 and including the
interlock portions can switch from a state where the Bunker C emulsion is being supplied to the
diesel engine 12 to a state where the Bunker A emulsion is supplied to the diesel engine 12.

[0108] One example of a scene in which the fuel supplied to the diesel engine 12 is switched
from the Bunker C emulsion to the Bunker A emulsion as above is a scene in which the ship
sails into a SOy emission control area (SECA). The purpose of switching the fuel supplied to
the diesel engine 12 from the Bunker C emulsion to the Bunker A emulsion is to prevent SOy
from being contained in the exhaust gas and discharged to the outside. To be specific, the
amount of emission of the SOx depends on a S (sulfur) content of the fuel oil. In the SOx
emission control area (SECA) where the restriction of the amount of emission of the SOx is

severe, Bunker C with a high S content does not satisfy the restriction and needs to be
switched to Bunker A or light oil. The SECA is mainly set in coastal zones.

[0109] The procedure of the above-described fuel switching is as follows. The supply passage
switching portion 20 is being currently set such that Bunker C in the second fuel tank 14 is
supplied to the fuel supply pump 21, and the water in the water tank 15 is being supplied to the
mixer 19. Therefore, first, the water supply pump 23 is manually or automatically stopped and
the on-off valve 22 is closed to stop supplying the water to the mixer 19 (see Fig. 3, 2.(3)(a)).
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To be specific, the Bunker C emulsion is consumed in the diesel engine 12, and therefore, by
the above operation, the fuel oil in the circulation line 18 can be changed from the Bunker C
emulsion to Bunker C. The purpose of changing the fuel oil in the circulation line 18 from the
Bunker C emulsion to Bunker C as above is to prevent Bunker A from being mixed in the
Bunker C emulsion remaining in the circulation line 18.

[0110] Next, when both the fuel oil flowing through the first supply line 16 and the fuel oil
flowing through the circulation line 18 have become the complete Bunker C, the first and
second fuel density detecting portions 27 and 29 output the density signals indicating so. Then,
the determining portion determines that the heavy oil supplied to the diesel engine 12 is
Bunker C (see Fig. 3, 2.(3)(b)).

[0111] When the determining portion has determined that the heavy oil supplied to the diesel
engine 12 is Bunker C, the supply passage switching portion 20 is manually or automatically
operated such that Bunker A in the first fuel tank 13 is supplied to the fuel supply pump 21 (see
Fig. 3, 2.(3)(c)).

[0112] Next, when both the fuel oil flowing through the first supply line 16 and the fuel oil
flowing through the circulation line 18 have become the complete Bunker A, the first and
second fuel density detecting portions 27 and 29 output the density signals indicating so. Then,
the determining portion determines that the fuel oil supplied to the diesel engine 12 is Bunker
A, and the supply method output portion outputs based on the result of the determination a first
emulsion signal indicating that the water and an additive should be mixed in the first fuel oil
(Bunker A) (see Fig. 3, 2.(3)(d)).

[0113] After that, the on-off valves 22 and 35 are manually or automatically opened and the
water supply pump 23 and the additive supply pump 34 are driven to supply the water and the
additive to the mixer 19 (see Fig. 3, 2.(3)(e)). Thus, the supplied fuel can be switched from the
Bunker C emulsion to the Bunker A emulsion.

[0114] Here, on the condition that each of both the first and second fuel density detecting
portions 27 and 29 has output the density signal indicating that the fuel oil flowing through the
first supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker
C (see Fig. 3, 2.(3)(b)), the fifth interlock portion can set such that the supply passage
switching portion 20 can be manually or automatically operated to supply Bunker A in the first
fuel tank 13 to the fuel supply pump 21 (see Fig. 3, 2.(3)(c)).

[0115] Therefore, when at least one of the first and second fuel density detecting portions 27
and 29 does not output the density signal indicating that the fuel oil flowing through the first
supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker C (for
example, when at least one of the first and second fuel density detecting portions 27 and 29
outputs the density signal indicating that the fuel oil flowing through the first supply line 16 or
the fuel oil flowing through the circulation line 18 is not the complete Bunker C), the fifth
interlock portion can prohibit Bunker A from being supplied to the diesel engine 12 by the
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erroneous operation of the operator or the malfunction of a device (for example, prohibit the
supply passage switching portion 20 from being operated such that Bunker A in the first fuel
tank 13 is supplied to the fuel supply pump 21). With this, unexpected damages on the diesel
engine 12 and the fuel supply system can be surely prevented from occurring.

[0116] Then, on the condition that each of both the first and second fuel density detecting
portions 27 and 29 has output the density signal indicating that the fuel oil flowing through the
first supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker A
(see Fig. 3, 2.(3)(d)), the sixth interlock portion (first interlock portion) can set such that the on-
off valves 22 and 35 can be manually or automatically opened and the water supply pump 23
and the additive supply pump 34 can be manually or automatically driven to supply the water
and the additive to the mixer 19 (see Fig. 3, 2.(3)(e)).

[0117] Therefore, when at least one of the first and second fuel density detecting portions 27
and 29 does not output the density signal indicating that the fuel oil flowing through the first
supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker A (for
example, when at least one of the first and second fuel density detecting portions 27 and 29
outputs the density signal indicating that the fuel oil flowing through the first supply line 16 or
the fuel oil flowing through the circulation line 18 is mixed with the Bunker C emulsion or
Bunker C), the sixth interlock portion (first interlock portion) can prohibit the water and the
additive from being supplied to the diesel engine 12 by the erroneous operation of the operator
or the malfunction of a device (for example, prohibit the on-off valves 22 and 35 from being
opened and the water supply pump 23 and the additive supply pump 34 from being driven).
With this, unexpected damages on the diesel engine 12 and the fuel supply system can be
surely prevented from occurring.

[0118] Next, the seventh interlock portion and eighth interlock portion (second interlock
portion) included in the controller 28 will be explained in reference to Fig. 3. As shown in Fig. 3,
2.(4), the fuel supply apparatus 32 with the fuel switching function shown in Fig. 2 and
including the interlock portions can switch from a state where the Bunker A emulsion is being
supplied to the diesel engine 12 to a state where the Bunker C emulsion is supplied to the
diesel engine 12.

[0119] One example of a scene in which the fuel supplied to the diesel engine 12 is switched
from the Bunker A emulsion to the Bunker C emulsion as above is a scene in which the ship
sails away from the SOx emission control area (SECA). The purpose of switching the fuel
supplied to the diesel engine 12 from the Bunker A emulsion to the Bunker C emulsion as
above is to use inexpensive Bunker C as much as possible.

[0120] The procedure of the above-described fuel switching is as follows. The supply passage
switching portion 20 is being currently set such that Bunker A in the first fuel tank 13 is supplied
to the fuel supply pump 21, and the water and the additive are being supplied to the mixer 19.
Therefore, first, the water supply pump 23 and the additive supply pump 34 are manually or
automatically stopped and the on-off valves 22 and 35 are closed to stop supplying the water
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and the additive to the mixer 19 (see Fig. 3, 2.(4)(a)). By the above operation, the fuel oil in the
circulation line 18 can be changed from the Bunker A emulsion to Bunker A. The purpose of
changing the fuel oil in the circulation line 18 from the Bunker A emulsion to Bunker A as above
is to prevent Bunker C from being mixed in the Bunker A emulsion remaining in the circulation
line 18.

[0121] Next, when both the fuel oil flowing through the first supply line 16 and the fuel oil
flowing through the circulation line 18 have become the complete Bunker A, the first and
second fuel density detecting portions 27 and 29 output the density signals indicating so. Then,
the determining portion determines that the heavy oil supplied to the diesel engine 12 is
Bunker A (see Fig. 3, 2.(4)(b)).

[0122] When the determining portion has determined that the heavy oil supplied to the diesel
engine 12 is Bunker A, the supply passage switching portion 20 is manually or automatically
operated such that Bunker C in the second fuel tank 14 is supplied to the fuel supply pump 21
(see Fig. 3, 2.(4)(c)).

[0123] Next, when both the fuel oil flowing through the first supply line 16 and the fuel oil
flowing through the circulation line 18 have become the complete Bunker C, the first and
second fuel density detecting portions 27 and 29 output the density signals indicating so. Then,
the determining portion determines that the heavy oil supplied to the diesel engine 12 is
Bunker C, and the supply method output portion outputs based on the result of the
determination the second emulsion signal indicating that the water should be mixed in the
second fuel oil (Bunker C) (see Fig. 3, 2.(4)(d)).

[0124] After that, the on-off valve 22 is manually or automatically opened and the water supply
pump 23 is driven to supply the water to the mixer 19 (see Fig. 3, 2.(4)(e)). Thus, the supplied
fuel can be switched.

[0125] Here, on the condition that each of both the first and second fuel density detecting
portions 27 and 29 has output the density signal indicating that the fuel oil flowing through the
first supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker A
(see Fig. 3, 2.(4)(b)), the seventh interlock portion can set such that the supply passage
switching portion 20 can be manually or automatically operated to supply Bunker C in the
second fuel tank 14 to the fuel supply pump 21 (see Fig. 3, 2.(4)(c)).

[0126] Therefore, when at least one of the first and second fuel density detecting portions 27
and 29 does not output the density signal indicating that the fuel oil flowing through the first
supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker A (for
example, when at least one of the first and second fuel density detecting portions 27 and 29
outputs the density signal indicating that the fuel oil flowing through the first supply line 16 or
the fuel oil flowing through the circulation line 18 is not the complete Bunker A), the seventh
interlock portion can prohibit Bunker C from being supplied to the diesel engine 12 by the
erroneous operation of the operator or the malfunction of a device (for example, prohibit the
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supply passage switching portion 20 from being operated such that Bunker C in the second
fuel tank 14 is supplied to the fuel supply pump 21). With this, unexpected damages on the
diesel engine 12 and the fuel supply system can be surely prevented from occurring.

[0127] Then, on the condition that each of both the first and second fuel density detecting
portions 27 and 29 has output the density signal indicating that the fuel oil flowing through the
first supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker
C (see Fig. 3, 2.(4)(d)), the eighth interlock portion (second interlock portion) can set such that
the on-off valve 22 can be manually or automatically opened and the water supply pump 23
can be manually or automatically driven to supply the water to the mixer 19 (see Fig. 3, 2.(4)

(e)).

[0128] Therefore, when at least one of the first and second fuel density detecting portions 27
and 29 does not output the density signal indicating that the fuel oil flowing through the first
supply line 16 or the fuel oil flowing through the circulation line 18 is the complete Bunker C (for
example, when at least one of the first and second fuel density detecting portions 27 and 29
outputs the density signal indicating that the fuel oil flowing through the first supply line 16 or
the fuel oil flowing through the circulation line 18 is mixed with the Bunker A emulsion or
Bunker A), the eighth interlock portion (second interlock portion) can prohibit the water from
being supplied to the diesel engine 12 by the erroneous operation of the operator or the
malfunction of a device (for example, prohibit the on-off valve 22 from being opened and the
water supply pump 23 from being driven). With this, unexpected damages on the diesel engine
12 and the fuel supply system can be surely prevented from occurring.

[0129] In the above embodiments, for example, the density of Bunker A that is the first fuel oil
and the density of Bunker C that is the second fuel oil are respectively about 0.87 g/cm3 and
about 0.96 g/cm?3.

[0130] Embodiment 1 shown in Fig. 1 is configured such that when the first fuel density
detecting portion 27 has output the density signal indicating that the fuel oil flowing through the
first supply line 16 is the complete Bunker C and the second fuel density detecting portion 29
has output the density signal indicating that the fuel oil flowing through the circulation line 18 is
the complete Bunker C, the determining portion determines that the heavy oil supplied to the
diesel engine 12 is Bunker C. However, Embodiment 1 is may be configured differently.

[0131] For example, Embodiment 1 may be configured such that: the first fuel density
detecting portion 27 shown in Fig. 1 is omitted; and when the second fuel density detecting
portion 29 has output the density signal indicating that the fuel oil flowing through the
circulation line 18 is the complete Bunker C, the determining portion determines that the heavy
oil supplied to the diesel engine 12 is Bunker C.

[0132] In a case where the first fuel density detecting portion 27 is omitted, a lever position
detecting portion (a limit switch, an optoelectronic switch, or the like) may be provided, which is
configured to detect the operation position of the operating lever for operating the valve of the
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supply passage switching portion 20. To be specific, based on a position detection signal
output from the lever position detecting portion, the determining portion may determine
whether the heavy oil supplied through the first supply line 16 to the circulation line 18 is
Bunker A or Bunker C.

[0133] Further, in the above embodiments, the complete (unmixed) Bunker A denotes that the
density of the fuel oil detected by the first fuel density detecting portion 27 falls within a
predetermined Bunker A density range, and the complete (unmixed) Bunker C denotes that the
density of the fuel oil detected by the second fuel density detecting portion 29 falls within a
predetermined Bunker C density range.

Industrial Applicability

[0134] As above, the fuel supply apparatus with the fuel switching function according to the
present invention has an excellent effect in which the determining portion determines whether
the fuel oil supplied to the diesel engine is the first fuel oil (Bunker A, for example) or the
second fuel oil (Bunker C, for example) and an appropriate water-emulsion fuel or fuel can be
supplied to the diesel engine based on the result of the determination by the determining
portion. For example, the present invention is suitably applicable to the fuel supply apparatus
with the fuel switching function included in the ship including the diesel engine.

Reference Signs List

[0135]
11

fuel supply apparatus with fuel switching function
12

diesel engine
13

first fuel tank
14

second fuel tank
15

water tank
16

first supply line
17

second supply line
18

circulation line
19
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mixer
20
supply passage switching portion
21
fuel supply pump
22
on-off valve
23
water supply pump
24
fuel circulation pump
25, 26
pipe
27
first fuel density detecting portion
28
controller
29
second fuel density detecting portion
30
return chamber
32
fuel supply apparatus with fuel switching function
33
additive tank
34
additive supply pump
35
on-off valve
36, 37
pipe
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Patentkrav

1. Braendstofforsyningsindretning (11) med en breendstofomkoblingsfunktion,
hvor braendstofforsyningsindretningen (11) er konfigureret til at omkoble en
forsyningspassageomkoblingsdel (20), séledes at en af en farste braendstof-
olie og anden braendstofolie, der anvendes til at producere vandemulsions-
breendstof, der indeholder braendstofolie og vand, leveres til en dieselmotor
(12), hvilken breendstofforsyningsindretning (11) er

kendetegnet ved

en braendstofdensitetsdetekteringsdel (29; 27, 29), som er konfigureret til at
detektere densiteten af braendstofolien, der leveres til dieselmotoren (12);

en bestemmelsesdel (28), som er konfigureret til at bestemme pé basis af den-
siteten, der detekteres af braendstofdensitetsdetekteringsdelen (29; 27, 29),
om braendstofolien, der leveres til dieselmotoren (12), er den forste braendstof-
olie eller den anden braendstofolie; og

en forsyningsmetodeafgivelsesdel (28), som er konfigureret til,

nar bestemmelsesdelen (28) har bestemt, at braendstofolien, der leveres til
dieselmotoren (12), er den forste braendstofolie, afgive et forste emulsionssig-
nal, der angiver, at vandet og et additiv skal blandes i den fgrste braendstofolie,
09

nar bestemmelsesdelen (28) har bestemt, at braendstofolien, der leveres til
dieselmotoren (12), er den anden braendstofolie, afgive et andet emulsionssig-
nal, der angiver, at vandet skal blandes i den anden braendstofolie.

2. Breendstofforsyningsindretning (11) med braendstofomkoblingsfunktionen
ifalge krav 1, omfattende en forste spaerredel (28), der er konfigureret til at
foretage en sadan indstilling, at vandet og additivet automatisk eller manuelt
kan leveres til den fgrste breendstofolie under forudsaetning af, at forsynings-
metodeafgivelsesdelen (28) har afgivet det farste emulsionssignal.

3. Braendstofforsyningsindretning (11) med braendstofomkoblingsfunktionen
ifalge krav 1, omfattende en anden speerredel (28), som er konfigureret til at
foretage en sadan indstilling, at vandet automatisk eller manuelt kan leveres
til den anden breendstofolie under forudseetning af, at forsyningsmetodeafgi-
velsesdelen (28) har afgivet det andet emulsionssignal.
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4. Breendstofforsyningsindretning (11) med braendstofomkoblingsfunktionen
ifalge et af kravene 1 til 3, hvilken breendstofforsyningsindretning (11) omfatter:
en blander (19), som er forbundet med dieselmotoren (12) og forsynes med
en af den farste braendstofolie og den anden braendstofolie gennem
forsyningspassageomkoblingsdelen (20);

en vandforsyningsdel, der er konfigureret til levere vandet til blanderen (19);
09

en tredje spaerredel (28), som er konfigureret til at foretage en sadan indstilling,
at vandforsyningsdelen (23) kan levere vandet under forudsaetning af, at
breendstofdensitetsdetekteringsdelen (29; 27, 29) har detekteret den anden
breendstofolies densitet, siden forsyningspassageomkoblingsdelen (20) er ble-
vet omkoblet til at levere den anden braendstofolie til dieselmotoren (12) ved
omkobling fra tilstanden, hvor det fgrste breendstof, som ikke holder vandet,
leveres til dieselmotoren (12), til tilstanden, hvor den anden braendstofemul-
sion, som indeholder den anden braendstofolie og vandet, leveres til dieselmo-
toren (12).

5. Braendstofforsyningsindretning (11) med braendstofomkoblingsfunktionen
ifalge et af kravene 1 til 3, hvilken breendstofforsyningsindretning (11) omfatter:
en blander (19), som er forbundet med dieselmotoren (12) og forsynes med
en af den forste breendstofolie og den anden braendstofolie gennem forsy-
ningspassageomkoblingsdelen (20);

en vandforsyningsdel (23), der er konfigureret til at levere vandet til blanderen
(19); og

en fierde spaerredel (28), der er konfigureret til at foretage en sadan indstilling,
at forsyningspassageomkoblingsdelen (20) kan omkobles til at levere den fgr-
ste breendstofolie til dieselmotoren (12) under forudsaetning af, at braendstof-
densitetsdetekteringsdelen (29; 27, 29) har detekteret den anden braendstof-
olies densitet, siden vandforsyningsdelen (23) er holdt op med at levere vandet
ved omkobling fra tilstanden, hvor den anden braendstofemulsion, der indehol-
der den anden braendstofolie og vandet, leveres til dieselmotoren (12), til til-
standen, hvor den fgrste braendstofolie leveres til dieselmotoren (12).
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6. Braendstofforsyningsindretning (11) med braendstofomkoblingsfunktionen
ifalge et af kravene 1 til 3, hvor braendstofforsyningsdelen (11) omfatter:

en blander (19), som er forbundet med dieselmotoren (12) og forsynes med
en af den forste breendstofolie og den anden braendstofolie gennem forsy-
ningspassageomkoblingsdelen (20);

en vandforsyningsdel (23), der er konfigureret til at levere vandet til blanderen
(19);

en additivforsyningsdel (34), som er konfigureret til levere additivet til blande-
ren (19);

en femte spaerredel (28), der er konfigureret til at foretage en sadan indstilling,
at forsyningspassageomkoblingsdelen (20) kan omkobles til at levere den fgr-
ste breendstofolie til dieselmotoren (12) under forudsaetning af, at braendstof-
densitetsdetekteringsdelen (29; 27, 29) har detekteret den anden braendstof-
olies densitet, siden vandforsyningsdelen (23) er holdt op med at levere vandet
ved omkobling fra tilstanden, hvor den anden braendstofemulsion, der indehol-
der den anden braendstofolie og vandet, leveres til dieselmotoren (12), til til-
standen, hvor den fgrste braendstofemulsion, der indeholder den forste braend-
stofolie, vandet og additivet, leveres til dieselmotoren (12); og

en sjette spaerredel (28), der er konfigureret til at foretage en s&dan indstilling,
at vandforsyningsdelen (23) kan levere vandet, og additivforsyningsdelen (34)
kan levere additivet under forudsaetning af, at breendstofdensitetsdetekterings-
delen (29; 27, 29) har detekteret den forste braendstofolies densitet, siden for-
syningspassageomkoblingsdelen (20) er blevet omkoblet til at levere den for-
ste breendstofolie til dieselmotoren (12).

7. Breendstofforsyningsindretning (11) med braendstofomkoblingsfunktionen
ifalge et af kravene 1 til 3, hvilken breendstofforsyningsindretning (11) omfatter:
en blander (19), som er forbundet med dieselmotoren (12) og forsynes med
en af den forste breendstofolie og den anden braendstofolie gennem forsy-
ningspassageomkoblingsdelen (20);

en vandforsyningsdel (23), der er konfigureret til at levere vandet til blanderen
(19);

en additivforsyningsdel (34), som er konfigureret til levere additivet til blande-
ren (19);
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en braendstofdensitetsdetekteringsdel (29; 27, 29), som er konfigureret til at
detektere densiteten af braendstofolien, der leveres til dieselmotoren (12);

en syvende spaerredel (28), der er konfigureret til at foretage en sadan indstil-
ling, at forsyningspassageomkoblingsdelen (20) kan omkobles til at levere den
anden breendstofolie til dieselmotoren (12) under forudseaetning af, braendstof-
densitetsdetekteringsdelen (29; 27, 29) har detekteret den farste braendstof-
olies densitet, siden vandforsyningsdelen (23) er holdt op med at levere van-
det, og additivforsyningsdelen (34) er holdt op med at levere additivet ved om-
kobling fra tilstanden, hvor den fgrste breendstofemulsion, som indeholder den
farste braendstofolie, vandet og additivet, leveres til dieselmotoren (12), til til-
standen, hvor den anden braendstofemulsion, der indeholder den anden
breendstofolie og vandet, leveres til dieselmotoren (12); og

en ottende spaerredel (28), der er konfigureret til at foretage en sadan indstil-
ling, at vandforsyningsdelen (23) kan levere vandet under forudseetning af, at
breendstofdensitetsdetekteringsdelen (29; 27, 29) har detekteret den anden
breendstofolies densitet, siden forsyningspassageomkoblingsdelen (20) er ble-
vet omkoblet til at levere den anden braendstofolie til dieselmotoren (12).
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SWITCHING PATTERNS AND PROCEDURES OF VARIOUS HEAVY OIL EMULSIONS

1. WHEN ADDITIVE IS NOT MIXED

SCENESWHERE FUELIS SWITCHED

(1) BUNKER A — BUNKER C EMULSION
(a) SWITCH FUEL

(b) CONFIRM DENSITY OF FUEL (CHANGE TO
BUNKER C)

(c) START SUPPLYING WATER

WHEN STARTING DIESEL ENGINE
FROM STATE WHERE SHIP IS BEING
ANCHORED

(2) BUNKER C EMULSIOMN — BUNKER A
(a) STOP SUPPLYING WATER

(b) CONFIRM DENSITY OF FUEL (CHANGE TO PURE
BUNKER C)

{e) SWITCH FUEL

WHEN STOPPING TO ANCHCOR
SHIP

2 WHEN ADDITIVE 1S MIXED (IN ADDITION TO (1)
" AND (2) DESCRIBED )

SCENES WHERE FUEL IS
SWITCHED

(3) BUNKER C EMULSION — BUNKER A EMULSION

(a) STOP SUPPLYING WATER

(b) CONFIRM DENSITY OF FUEL (CHANGE TO PURE
BUNKER C)
(e) SWITCH FUEL

(d) CONFIRM DENSITY OF FUEL (CHANGE TO
BUNKER A)

(e)START SUPPLYING WATER AND ADDITIVE

WHEN SAILING INTO SOx
EMISSION CONTROL AREA
(SECA) (x1)

(4) BUNKER A EMULSION — BUNKER C EMULSION
(a)STOP SUPPLYING WATER AND ADDITIVE

(b) CONFIRM DENSITY OF FUEL (CHANGE TO PURE
BUNKER A)

(c) SWITCH FUEL

{dYCONFIRM DENSITY OF FUEL (CHANGE TO
BUNKER. C)

(e) START SUPPLYING WATER

V;IHFSN SAILING AWAY FROM SECA
*1

* 1 The amount of emission of SOx depends on a S
content of the fuel oil. In the SOx emission control

(SECA) where the restriction of the amount of emission of
the SOx is severe, Bunker C with a high

S content does not satisfy the restriction and needs

to be switched to Bunker A or light oil.

The SECA is mainly set in coastal zones.

Fig. 3
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