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FUEL SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to fuel systems for engines of marine vessels, to
marine vessels comprising the fuel systems, and to methods of operating filtration

systems of fuel systems for engines of marine vessels.

BACKGROUND

[0002] Marine vessels, such as container ships, have engines that are powered by heavy
fuel oil (HFO) or the like. Such fuel is typically relatively pure and uncontaminated when
it leaves the refinery. However, between the refinery and the vessel, the fuel can pick up
solid contaminants, such as catalyst fines, rust, dust, sand, dirt and other solid particulates,
for example from dirty hoses and tanks. Such solid contaminants can wear and/or block
engine components, and so they should be removed from the fuel before the fuel enters
an engine of the vessel. Fuel also can become contaminated with liquid contaminants,

such as fresh or salt water.

[0003] There is a general understanding in the marine industry that sufficient and
effective removal of contaminants from fuel aboard a marine vessel can only be achieved
using one or more centrifugal separators (also known as purifiers), which separate
particles and water from fuel. Therefore, conventional marine vessels typically have one
or more such centrifugal separators fluidly connected between one or more settling tanks

and one or more service tanks.

[0004] A settling tank is a deep tank in the engine room of a vessel, which is used to pre-
clean fuels by gravity. A liquid mixture in the settling tank clears slowly as a heavier
liquid and solids sink to the bottom under influence of gravity. Often, a marine vessel
will have at least two settling tanks, each with a capacity sufficient for 24 hours full load
operation of all consumers aboard the vessel. Settling tanks should be designed to

encourage sludge and water separation, and may be provided with baffles to reduce
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mixing of sludge with the fuel. The bottom of a settling tank preferably slopes towards a sludge
drain, and pump suction should not be not in the vicinity of the sludge space. The temperature in
settling tanks should be as high as possible, to help the solids to settle. However, the temperature
should be below 75 degrees Celsius, to avoid the formation of asphaltenes, and should be no lower
than 7 degrees Celsius above the “pour point” of the fuel, to ensure pumpability. The pour point
is the lowest temperature at which the fuel just flows thanks to its own weight.
[0005] A service tank is a fuel tank that contains a quantity of fuel ready for immediate use.
Typically, at least one service tank per fuel to be used on board, necessary for propulsion and
generator systems, is provided. A service tank should preferably have capacity for sufficient fuel
to enable at least eight hours of operation, at sea, and at maximum continuous rating of the
propulsion plant and/or generating plant associated with that service tank.
[0006] Centrifugal separators must operate for prolonged periods of time (or constantly) to
separate water from oil, due to the similar densities of the water and oil. The energy required to
power the centrifugal separators of a typical large marine vessel for a year is considerable, and
may for example equate to that present in approximately 300 tonnes of HFO. Furthermore,
approximately 1% of HFO processed by a centrifugal separator is contained in the sludge waste
product it creates. Such sludge cannot be burnt and must be disposed of in an environmentally
friendly manner.
[0007] Embodiments of the present invention aim to enable sufficient decontamination of fuel
for an engine of a marine vessel while addressing the aforementioned problems.
SUMMARY
[0007a] A first aspect of the present invention provides a fuel system for an engine of a marine
vessel, the fuel system comprising:

a settling tank for cleaning fuel for the engine;

a service tank for storing fuel for the engine; and

a filtration system comprising a first filter, wherein the settling tank is fluidly connected
to the service tank via the first filter, and wherein the first filter is configured to remove
contaminants from fuel flowing from the settling tank to the service tank; and

wherein the filtration system is configured to be operable in a first mode in which the first
filter removes the contaminants from fuel flowing from the settling tank to the service tank, and
in a second mode in which fuel filtered by the filtration system flows through the first filter to
dislodge the contaminants from the first filter.

[0008]
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[0009] Optionally, the filtration system comprises a second filter for removing the
dislodged contaminants from fuel that has passed through the first filter when the filtration

system is operating in the second mode.

[0010] Optionally, the second filter comprises a pleated textile filter.

[0011] Optionally, the first filter is connected to the settling tank via the second filter,
whereby fuel from which the second filter has removed the dislodged contaminants is

returnable to the settling tank.

[0012] Optionally, the filtration system comprises a collector for collecting the

contaminants removed by the second filter.

[0013] Optionally, the collector is removable from the filtration system.

[0014] Optionally, the collector comprises a cartridge that is insertable in the second
filter.

[0015] Optionally, the fuel system comprises a pump for pumping fuel through the
second filter. Optionally, the pump for pumping fuel through the second filter is for
pumping fuel through the second filter when the filtration system is operating in the

second mode.

[0016] Optionally, the filtration system is configurable to create a circuit so that the pump
for pumping fuel through the second filter is able to cause fuel to be passed through the
second filter and back to the pump for pumping fuel through the second filter plural times.

Optionally, the circuit is isolated from the first filter, so that the filtration system is
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operable in the first mode while the pump for pumping fuel through the second filter is
causing fuel to be passed through the second filter and back to the pump for pumping fuel

through the second filter plural times.

[0017] Optionally, the fuel system comprises a pump for pumping fuel from the service

tank through the first filter when the filtration system is operating in the second mode.

[0018] Optionally, the service tank is connected to the first filter via the pump for

pumping fuel from the service tank through the first filter.

[0019] Optionally, the fuel system comprises a valve through which fuel flowing from
the settling tank to the first filter passes, and the valve is for controlling fuel flow from

the first filter towards the settling tank.

[0020] Optionally, the filtration system is configured so that the valve is closed to prevent
or hinder fuel flow from the first filter towards the settling tank, when the filtration system

is operating in the second mode.

[0021] Optionally, the fuel system comprises a filtration system controller for controlling

the filtration system.

[0022] Optionally, the filtration system comprises a sensor configured to detect a
condition of the first filter or a parameter of fuel at a location between the first filter and
the service tank, and to send a signal to the filtration system controller on the basis of the

condition or parameter detected.

[0023] Optionally, the filtration system controller is configured to cause the filtration

system to operate in the second mode on the basis of the signal.

[0024] A second aspect of the present invention provides a marine vessel comprising the

fuel system of the first aspect of the present invention.
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[0025] A third aspect of the present invention provides a method of operating a filtration
system of a fuel system for an engine of a marine vessel, the method comprising: causing
the filtration system to operate in a first mode whereby fuel flows from a settling tank of
the fuel system to a service tank of the fuel system via a first filter of the filtration system,
the first filter being for removing contaminants from the fuel; and causing the filtration
system to operate in a second mode whereby fuel filtered by the filtration system flows

through the first filter to dislodge the contaminants from the first filter.

[0026] Optionally, the causing the filtration system to operate in the first mode comprises
causing operation of a pump to pump fuel from the settling tank to the service tank via

the first filter.

[0027] Optionally, the method comprises receiving a signal indicative of a fuel pressure

at a location between the first filter and the service tank.

[0028] Optionally, the method comprises receiving the signal while the filtration system

is operating in the first mode.

[0029] Optionally, the method comprises causing closure of a valve to prevent or hinder
fuel flow from the first filter towards the settling tank, when it is determined that the fuel

pressure is less than a predetermined threshold fuel pressure.

[0030] Optionally, the causing the filtration system to operate in the second mode
comprises causing operation of a pump to pump fuel from the service tank through the

first filter to dislodge the contaminants from the first filter.

[0031] Optionally, the causing the filtration system to operate in the second mode
comprises causing the contaminants that have been dislodged from the first filter and the
fuel that has passed through the first filter when the filtration system is operating in the
second mode to pass through a second filter of the filtration system, the second filter being

for removing the dislodged contaminants from the fuel.
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[0032] Optionally, the causing the filtration system to operate in the second mode
comprises causing fuel from which the second filter has removed the dislodged

contaminants to be returned to the settling tank.

[0033] A fourth aspect of the present invention provides a non-transitory computer-
readable storage medium storing instructions that, if executed by a processor of a filtration
system controller, cause the processor to carry out the method of the third aspect of the
present invention.

[0033a] A fifth aspect of the present invention provides use of a filtration system in a fuel
system for an engine of a marine vessel to, in a first mode, remove contaminants from
fuel flowing from a settling tank of the fuel system to a service tank of the fuel system
using a first filter of the filtration system, and, in a second mode, to dislodge the

contaminants from the first filter using fuel filtered by the filtration system.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Embodiments of the invention will now be described, by way of example only,

with reference to the accompanying drawings, in which:

[0035] Figure 1 shows a schematic side view of an example of a marine vessel according

to an embodiment of the present invention;

[0036] Figure 2 shows a schematic view of an example of a fuel system according to an

embodiment of the present invention;

[0037] Figure 3 shows a schematic view of an example of a fuel system according to

another embodiment of the present invention;

[0038] Figure 4 shows a flow chart illustrating an example of a method of operating a

filtration system according to an embodiment of the present invention; and

[0039] Figure 5 shows a flow chart illustrating an example of another method of operating

a filtration system according to an embodiment of the present invention.
6
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DETAILED DESCRIPTION

[0040] Figure 1 shows a schematic side view of an example of a marine vessel according
to an embodiment of the present invention. In this embodiment, the vessel is a container
ship 1. In other embodiments, the marine vessel may be another form of cargo vessel,
such as a tanker, a dry-bulk carrier or a reefer ship, or a passenger vessel or any other

marine vessel that uses liquid fuel, such as fuel oil or heavy fuel oil.

[0041] The marine vessel 1 has a hull 2 and one or more engine rooms 3 inside the hull
2. The marine vessel 1 is powered by one or more large internal combustion engines 4,
such as four-stroke or two-stroke self-igniting combustion engines 4, located in an engine
room 3. The engine(s) 4 drive(s) a propulsion mechanism (such as one or more
propellers). The vessel 1 may also comprise one or more auxiliary engines (known as
generator sets) that provide power and/or heat for various consumers of power aboard the
vessel 1. The vessel 1 also comprises a fuel system 10, 20 for supplying fuel to the
engine(s) 4. The fuel system 10, 20 may be any fuel system described herein as an
embodiment of the present invention, such as that shown in Figure 2 or that shown in

Figure 3.

[0042] The skilled person will be familiar with the components and systems of a marine

vessel, and so further detailed discussion thereof is omitted for brevity.

[0043] As noted above, solid contaminants in fuel can wear and/or block engine
components, and so it is highly preferable that such solid contaminants be removed from
the fuel before the fuel enters the engine. As also noted above, there is a common
understanding in the marine industry that sufficient and effective removal of
contaminants from fuel aboard a marine vessel can only be achieved using one or more
centrifugal separators. This is at least in part because it is believed in the industry that it
is essential to remove both solid contaminants and liquid contaminants (e.g. fresh or salt
water) from the fuel. However, contamination of fuel by water is rare (or usually present
only to a small degree), and an engine (e.g. a diesel engine) of a marine vessel is, in most

cases, able to burn fuel (such as HFO) even if there is some contamination by water.
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Accordingly, the present invention is predicated on a view that it is sufficient for solid
contaminants to be removed from fuel before the fuel enters an engine, and that liquid

contaminants (particularly water) need not be removed.

[0044] One known way of removing solid contaminants from oil on a marine vessel is
through the use of a filter. However, while it is known to use filters for filtering
lubrication oils, it is generally not preferred in the marine industry to use a filter to filter
fuel. This is because the filter would become blocked with the solid contaminants,
resulting in the efficiency of the system decreasing. Once blocked, a filter can be partially
unblocked by back flushing air through the filter to remove the particulate matter from
the filter. However, air has a relatively low inertia, and so once a small portion of a filter
is cleaned, the air will thereafter all flow through the cleaned portion of the filter without
dislodging the particular matter on the rest of the filter. Therefore, air is not particularly

effective at removing particulate matter from the surface of a filter.

[0045] Embodiments of the present invention provide fuel systems for use in carrying out

removal of solid contaminants from fuel while addressing the aforementioned problems.

[0046] Figure 2 shows a schematic view of an example of a fuel system according to an
embodiment of the present invention. The fuel system 10 is for an engine of a marine
vessel. By “for an engine” it is meant that the fuel system 10 is for one or more engines
of the marine vessel. That is, the fuel system 10 may be for supplying fuel to one engine
or to plural engines of a marine vessel, such as the engines 4 and marine vessel 1 shown

in Figure 1 or any variants thereof described herein.

[0047] Broadly speaking, the fuel system 10 comprises a settling tank 110 for cleaning
fuel for the engine 4; a service tank 130 for storing fuel for the engine 4; and a filtration
system 120 comprising a first filter 122 through which fuel flowing from the settling tank
110 to the service tank 130 passes. As will be described in more detail below, the
filtration system 120 is configured to be operable in a first mode in which the first filter

122 removes contaminants from fuel flowing from the settling tank 110 to the service
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tank 130, and in a second mode in which fuel flows from the service tank 130 through the

first filter 122 to dislodge the contaminants from the first filter 122.

[0048] More specifically, in this embodiment the fuel system 10 comprises a storage tank
100 for storing a volume of fuel for the engine 4. In some embodiments, the fuel system
10 may comprise a plurality of such storage tanks 100. The storage tanks 100 are also
known as bunker tanks 100. The storage tanks 100 store fuel for auxiliary engines, boilers
or anything else that consumes fuel in addition to the main engine 4. The storage tank
100 may be fillable during fuelling of the vessel 1 (sometimes known as a bunkering
operation) from a container onboard another vessel, such as a barge, or vehicle or on
shore. Ifthe fuel is a heavy and viscous fuel, such as HFO, then the settling tank 110 may
be heated (such as to approximately 80 degrees Celsius), in order to reduce the viscosity
and thickness of the fuel. This makes pumping the fuel easier through the fuel system 10.
In some embodiments, the fuel can be heated to above 100 degrees Celsius to evaporate

water from the settling tank 110.

[0049] The fuel system 100 also comprises a fuel transfer pump 105 for pumping fuel
from the storage tank 100 to the settling tank 110. In this embodiment, the storage tank
100 is fluidly connected to the settling tank 110 via the fuel transfer pump 105, so that
fuel is flowable from the storage tank 100 to the settling tank 110 via the fuel transfer
pump 105. In other embodiments, the fuel transfer pump 105 may be located elsewhere.
For example, in some embodiments fuel transfer pump 105 may be located in the storage
tank 100 or in the settling tank 110. In some embodiments, the storage tank 100 and/or
the fuel transfer pump 105 may be omitted. For example, in some embodiments, fuel
may be able to flow from the storage tank 100 to the settling tank 110 under the influence

of gravity.

[0050] In some embodiments, the fuel system 10 comprises one or more valves (not
shown) through which fuel flowing from the storage tank 100 to the settling tank 110
passes. The valve(s) may be for controlling fuel flow between the storage tank 100 and
the settling tank 110. More specifically, the valve(s) may be for controlling fuel flow
from the storage tank 100 to the settling tank 110, and/or may be for controlling fuel flow
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from the settling tank 110 to the storage tank 100. For example, the valve(s) may be
closable to prevent or hinder fuel flow from the storage tank 100 to the settling tank 110,
and/or to prevent or hinder fuel flow from the settling tank 110 to the storage tank 100.

[0051] In this embodiment, the settling tank 110 is fluidly connectable to the service tank
130 via the first filter 122, so that fuel is flowable from the settling tank 110 to the service
tank 130 via the first filter 122. Different types of filter can be used for the first filter 122
in different embodiments. The first filter 122 can for example comprise a surface filter,
where particulate matter builds up on the surface of the first filter 122, or a depth filter,
where particular matter is trapped inside the filter medium. The first filter 122 may
comprise one or more filter cloths or meshes for allowing passage of liquid but preventing
flow of solid matter over a certain particulate size. The first filter 122 may comprise one
or more different filter screen configurations where the filter comprises different weaves
or mesh configurations. In some embodiments, the filter medium of the first filter 122
can be made from one or more of paper, pleated paper filters, cellulose, woven, knitted
or wound fibres such as cloth, ceramic fibres, fabrics, foams, ceramic foams, metal fibre

filters, sintered metal, and/ or wall-flow monolith structures.

[0052] The filtration system 120 of this embodiment comprises a valve 121 through
which fuel flowing from the settling tank 110 to the first filter 122 passes. The valve 121
is for controlling fuel flow between the first filter 122 and the settling tank 110. More
specifically, the valve 121 is for controlling fuel flow from the first filter 122 to the
settling tank 110. As will be further described below, the filtration system 120 is
configured so that the valve 121 is closed to prevent or hinder fuel flow from the first
filter 122 towards the settling tank 110, when the filtration system 120 is operating in the
second mode. In some embodiments, the valve 121 may be a non-return valve (also
known as a check valve or one-way valve) configured so that fuel is unable to flow from
the first filter 122 to the settling tank 110 via the valve 121, and so the valve 121 may not
need actively closing. In some embodiments the valve 121 is selectively operable from
a remote controller (not shown). In other embodiments, the valve 121 may be omitted.
In some such other embodiments, the settling tank 110 may be permanently fluidly

connected to the service tank 130 via the first filter 122. However, fuel flowing through

10
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the first filter 122 when the filtration system 120 is operating in the second mode could
carry dislodged contaminants from the first filter 122 back to the settling tank 110. This
could be undesirable, since it could increase the ratio of contaminants to fuel in the
settling tank 110. In some embodiments, however, it could nevertheless be intentional or

desirable to collect the dislodged contaminants in the settling tank 110.

[0053] In some embodiments, the fuel system 10 may comprise one or more pre-filters
or strainers for removing particularly large particulate matter before the fuel passes

through the first filter 122 when the filtration system 120 is operating in the first mode.

[0054] In this embodiment, the filtration system 120 comprises a second pump 124 for
pumping fuel from the service tank 130 through the first filter 122 when the filtration
system 120 is operating in the second mode. In this embodiment, the service tank 130 is
fluidly connected to the first filter 122 via the second pump 124, so that fuel is flowable
from the service tank 130 to the first filter 122 via the second pump 124. In other
embodiments, the second pump 124 may be located elsewhere. For example, in some
embodiments the second pump 124 may be located in the service tank 130, or the second
filter 125 (discussed below) may be connected to the first filter 122 via the second pump
124. In some embodiments, the second pump 124 may be integral with the first filter
122. In some embodiments, the second pump 124 may be omitted. For example, in some
embodiments, fuel may be able to flow from the service tank 130 through the first filter
122 under the influence of gravity when the filtration system 120 is operating in the
second mode. However, it is greatly preferred that the second pump 124 is provided, in
order that the fuel passing through the first filter 122 when the filtration system 120 is
operating in the second mode has sufficient momentum to dislodge the contaminants from

the first filter 122.

[0055] In some embodiments, the second pump 124 is a bi-directional pump.
Accordingly, in such embodiments the second pump 124 is for pumping fuel from the
settling tank 110 to the service tank 130 via the first filter 122 when the filtration system
120 is operating in the first mode. In other embodiments, the second pump 124 is a

unidirectional pump for pumping fuel from the service tank 130 through the first filter

11
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122 when the filtration system 120 is operating in the second mode, and the filtration
system 120 comprises a pump (not shown, but referred to herein for ease of reference as
the third pump), separate from the second pump 124, for pumping fuel from the settling
tank 110 to the service tank 130 via the first filter 122 when the filtration system 120 is
operating in the first mode. In some embodiments, the settling tank 110 is fluidly
connected to the service tank 130 via the third pump, so that fuel is flowable from the
settling tank 110 to the service tank 130 via the third pump. More specifically, in some
embodiments, the first filter 122 is fluidly connected to the service tank 130 via the third
pump. In other embodiments, the third pump may be located elsewhere. For example,
in some embodiments the third pump may be located in the service tank 130, or the
settling tank 110 may be connected to the first filter 122 via the third pump. In some
embodiments, the third pump may be omitted. For example, in some embodiments, fuel
may be able to flow from the settling tank 110 through the first filter 122 and to the service
tank 130 under the influence of gravity.

[0056] In this embodiment, the filtration system comprises a second filter 125 for
removing the dislodged contaminants from fuel that has passed through the first filter 122
when the filtration system 120 is operating in the second mode. The second filter 125
may, for example, comprise a pleated textile filter such as paper. Different types of filter
can be used for the second filter 125 in different embodiments. The second filter 125 can
for example comprise a surface filter, where particulate matter builds up on the surface
of the second filter 125, or a depth filter, where particular matter is trapped inside the
filter medium. The second filter 125 may comprise one or more filter cloths or meshes
for allowing passage of liquid but preventing flow of solid matter over a certain
particulate size. The second filter 125 may comprise one or more different filter screen
configurations where the filter comprises different weaves or mesh configurations. In
some embodiments, the filter medium of the second filter 125 can be made from one or
more of paper, pleated paper filters, cellulose, woven, knitted or wound fibres such as
cloth, ceramic fibres, fabrics, foams, ceramic foams, metal fibre filters, sintered metal,
and/ or wall-flow monolith structures. In this embodiment, the filtration system 120
comprises a collector 126 for collecting the contaminants removed by the second filter

125. In some embodiments, the collector 126 is removable from the filtration system 120,
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such as for cleaning the collector 126 or for replacing the collector 126 when it is full or
nearly full. For example, in some embodiments the collector 126 comprises a cartridge
that is insertable in the second filter 125 and thereafter detachable from the second filter

125. In other embodiments, the collector 126 may be omitted.

[0057] In this embodiment, the first filter 122 is connected to the settling tank 110 via the
second filter 125. Accordingly, fuel from which the second filter 125 has removed the
dislodged contaminants is returnable to the settling tank 110. In some embodiments, a
non-return valve (not shown) may be provided between the second filter 125 and the
settling tank 110, and configured so that fuel in unable to flow from the settling tank 110

to the second filter 125 via the non-return valve.

[0058] In some embodiments, the second filter 125 may be omitted. For example, in
some embodiments, the dislodged contaminants and the fuel that has passed through the
first filter 122 when the filtration system 120 is operating in the second mode may be
collected in a tank without being filtered. The tank could be the settling tank 110 or a
different tank, for example, although as discussed above use of the settling tank 110 for
this purpose could be undesirable, since it could increase the ratio of contaminants to fuel

in the settling tank 110.

[0059] The fuel system 10 of this embodiment comprises a filtration system controller
140 for controlling the filtration system 120. The controller 140 may comprise one or
more microprocessor(s). In this embodiment, the controller 140 is communicatively
connected to, and for controlling, each of: the fuel transfer pump 105, the valve 121, and
the second pump 124, as depicted by dashed lines in Figure 2. In other embodiments, the
controller 140 may be for controlling the third pump (not shown) discussed above. In
some embodiments, some of these elements may be controlled by an entity other than the
controller 140. Of course, in embodiments in which one or more of the fuel transfer pump
105, the valve 121, and the second pump 124 are omitted, the controller 140 would not

be communicatively connected to, and for controlling, such omitted element(s).

13
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[0060] In this embodiment, the filtration system 120 comprises a pressure sensor 123
configured to detect a fuel pressure at a location between the first filter 122 and the service
tank 130, the fuel pressure being a parameter of fuel that has flowed through the first filter
122. The location in this embodiment is between the first filter 122 and the second pump
124, but in other embodiments the location may be elsewhere, such as between the second
pump 124 and the service tank 130. In this embodiment, the pressure sensor 123 is
communicatively connected to the controller 140, and is configured to send a signal
indicative of the fuel pressure at the location to the controller 140. The controller 140 is
configured to cause the filtration system 120 to operate in the second mode, when it is
determined that the fuel pressure at the location is less than a predetermined threshold

fuel pressure.

[0061] This determination could be made by the controller 140. For example, the
pressure sensor 123 may be configured to detect the fuel pressure and send the signal to
the controller 140 constantly, periodically, or when instructed by the controller 140, and
the controller 140 may be configured to determine whether the fuel pressure is less than
the predetermined threshold fuel pressure on the basis of the received signal, such as by
extracting information from the received signal and/or comparing the received signal or
extracted information to data to which the controller 140 has access. Alternatively, the
determination could be made other than at the controller 140, such as at the pressure
sensor 123. For example, the pressure sensor 123 may be configured to detect the fuel
pressure constantly, periodically, or when instructed by the controller 140, and to send
the signal to the controller 140 only when the fuel pressure is less than the predetermined
threshold fuel pressure, such as by comparing the detected pressure with the
predetermined threshold fuel pressure. The controller 140 could then be configured to
cause the filtration system 120 to operate in the second mode on the basis of having
received the signal. In any event, it will be understood that the filtration system 120
comprises a sensor 123 configured to detect a parameter (in this case, pressure) of fuel at
a location between the first filter 122 and the service tank 130 and to send a signal to the
controller 140 on the basis of the parameter detected, and the controller 140 is configured
to cause the filtration system 120 to operate in the second mode on the basis of the signal

(either a characteristic or content of the signal, or the reception of the signal).

14

PCT/EP2019/051564



10

15

20

25

30

WO 2019/145326

[0062] Figure 3 shows a schematic view of an example of another fuel system according
to an embodiment of the present invention. The fuel system 20 again is for an engine of
a marine vessel, such as the engines 4 and marine vessel 1 shown in Figure 1 or any

variants thereof described herein.

[0063] Broadly speaking, the fuel system 20 comprises a settling tank 110 for cleaning
fuel for the engine 4; a service tank 130 for storing fuel for the engine 4; and a filtration
system 220 comprising a first filter 222 through which fuel flowing from the settling tank
110 to the service tank 130 passes. The filtration system 220 is configured to be operable
in a first mode in which the first filter 222 removes contaminants from fuel flowing from
the settling tank 110 to the service tank 130, and in a second mode in which fuel flows
from the service tank 130 through the first filter 222 to dislodge the contaminants from
the first filter 222.

[0064] Similarly to the embodiment of Figure 2, in this embodiment the fuel system 20
comprises a storage tank 100 for storing a volume of fuel for the engine 4, a fuel transfer
pump 105 for pumping fuel from the storage tank 100 to the settling tank 110, and the
storage tank 100 is fluidly connected to the settling tank 110 via the fuel transfer pump
105, so that fuel is flowable from the storage tank 100 to the settling tank 110 via the fuel
transfer pump 105. However, in other embodiments, any of the variations to the storage
tank 100 and/or fuel transfer pump 105 and/or the settling tank 110 (such as heating
thereof) and/or elements (such as valve(s)) therebetween discussed herein with respect of
the embodiment of Figure 2 may be made to the embodiment of Figure 3 to form further

embodiments.

[0065] In this embodiment, the settling tank 110 is fluidly connectable to the service tank
130 via the first filter 222, so that fuel is flowable from the settling tank 110 to the service
tank 130 via the first filter 222. Different types of filter can be used for the first filter 222
in different embodiments. The first filter 222 can for example comprise any one or more
of the types of filter discussed herein for the first filter 122 of the embodiment of Figure
2.

15
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[0066] In this embodiment, the filtration system 220 comprises a fuel pump 221 for
pumping fuel from the settling tank 110 through the first filter 222 to the service tank 130
when the filtration system 220 is operating in the first mode. In this embodiment, the
settling tank 110 is fluidly connected to the first filter 222 via the fuel pump 221, so that
fuel is flowable from the settling tank 110 to the first filter 222 via the fuel pump 221. In
other embodiments, the fuel pump 221 may be located elsewhere. For example, in some
embodiments the fuel pump 221 may be located in the settling tank 110, or between the
first filter 222 and the service tank 130. In some embodiments, the fuel pump 221 may
be integral with the first filter 222. In some embodiments, the fuel pump 221 may be
omitted. For example, in some embodiments, fuel may be able to flow from the settling
tank 110 through the first filter 222 under the influence of gravity when the filtration
system 220 is operating in the first mode. However, it is greatly preferred that the fuel
pump 221 is provided, to help the fuel system 20 reliably meet the fuel demand of the
engine 4. Moreover, it is easier to push fuel through the first filter 222 than pull it, and
so it is preferred to provide the fuel pump 221 upstream of the first filter 222, as
illustrated. In some embodiments, the fuel pump 221 has a variable speed drive, for
regulating the flow of fuel through the filtration system 220. The variable speed drive
can be used to match consumption of the engine 4 to the flow rate of the fuel in the fuel

system 20.

[0067] In some embodiments, the fuel pump 221 may be configured to prevent or hinder
fuel flow from the first filter 222 towards the settling tank 110, when the filtration system
220 is operating in the second mode. In some embodiments, the filtration system 220
may comprise a valve (not shown) through which fuel flowing from the settling tank 110
to the first filter 222 passes, and for preventing or hindering fuel flow from the first filter
222 towards the settling tank 110, when the filtration system 220 is operating in the
second mode. The valve may, for example, take any of the forms described herein for

the valve 121 of the embodiment of Figure 2.
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[0068] In some embodiments, the fuel system 20 may comprise one or more pre-filters
or strainers for removing particularly large particulate matter before the fuel passes

through the first filter 222 when the filtration system 220 is operating in the first mode.

[0069] In this embodiment, the filtration system 220 comprises a backflush pump 222a,
such as a piston pump, for pumping fuel from the service tank 130 through the first filter
222 when the filtration system 220 is operating in the second mode. In this embodiment,
the backflush pump 222a is upstream of the first filter 222 when the filtration system 220
is operating in the second mode, so that the service tank 130 is fluidly connected to the
first filter 222 via the backflush pump 222a and fuel is flowable from the service tank 130
to the first filter 222 via the backflush pump 222a. In this embodiment, the backflush
pump 222a is integral with the first filter 222. In other embodiments, the backflush pump
222a may be located elsewhere. For example, in some embodiments the backflush pump
222a may be located between the service tank 130 and the first filter 222 and be non-
integral with the first filter 222, or in the service tank 130, or the second filter 225
(discussed below) may be connected to the first filter 222 via the backflush pump 222a.
In some embodiments, the backflush pump 222a may be omitted. For example, in some
embodiments, fuel may be able to flow from the service tank 130 through the first filter
222 under the influence of gravity when the filtration system 220 is operating in the
second mode. However, it is greatly preferred that the backflush pump 222a is provided,
in order that the fuel passing through the first filter 222 when the filtration system 220 is
operating in the second mode has sufficient momentum to dislodge the contaminants from

the first filter 222.

[0070] In this embodiment, the filtration system 220 comprises a fuel return valve 224
via which the first filter 222 is connected to the service tank 130. The fuel return valve
224 is controllable by the filtration system controller 140 (discussed below) to direct fuel
pumped by the fuel pump 221 either to the service tank 130 or back to the settling tank
110 via a fuel return path R that connects the fuel return valve 224 to the settling tank
110. It may be desirable to recirculate the fuel back to the settling tank 110 to regulate
the fuel pressure when the vessel is in port, or during emptying of the service tank 130,

or to pass the fuel through the first filter 222 more than once if the fuel has a particularly
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high degree of solid contaminants. In other embodiments, the fuel return valve 224 and

the fuel return path R may be omitted.

[0071] Furthermore, in this embodiment, the filtration system 220 comprises first and
second bypass valves BV1, BV2, which are connected by a bypass B. The first bypass
valve BV is located between the fuel pump 221 and the first filter 222, and the second
bypass valve BV2 is located between the backflush pump 222a and the service tank 130.
In other embodiments, the second bypass valve BV2 may be located between the first
filter 222 and the service tank 130 without bypassing the backflush pump 222a. The first
and second bypass valves BV 1, BV2 are controllable by the controller 140 to direct fuel
pumped by the fuel pump 221 via the bypass B rather than via the first filter 222. This
may be desirable to enable the pipes to be warmed before using the first filter 222. For
example, fuel that may be warmed in the settling tank 110 is able to flow from the settling
tank 110 via the fuel pump 221, the bypass B, the fuel return valve 224, and the fuel return
path R and then return to the settling tank 110. The first and second bypass valves BV 1,
BV2 may then be controlled by the controller 140 to thereafter direct fuel pumped by the
fuel pump 221 through the first filter 222 and on to the service tank 130. In other
embodiments, the first and second bypass valves BV1, BV2 and the bypass B may be

omitted.

[0072] In this embodiment, the filtration system 220 comprises a second filter 225 for
removing the dislodged contaminants from fuel that has passed through the first filter 222
when the filtration system 220 is operating in the second mode (termed “backflush fuel”
herein, for brevity). Different types of filter can be used for the second filter 225 in
different embodiments. The second filter 225 can, for example, comprise any one or more
of the types of filter discussed herein for the second filter 125 of the embodiment of Figure
2. In this embodiment, the filtration system 220 comprises a collector 226 for collecting
the contaminants removed by the second filter 225. In some embodiments, the collector
226 is removable from the filtration system 220, such as for cleaning the collector 226 or
for replacing the collector 226 when it is full or nearly full. For example, in some
embodiments the collector 226 comprises a cartridge that is insertable in the second filter

225 and thereafter detachable from the second filter 225. In other embodiments, the
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collector 226 may be omitted. In some embodiments, the second filter 225 may comprise
a series of filters for removing different types of contaminants, such as rust, dirt, etc., and
in some embodiments a collector (e.g. a removable cartridge) may be provided for each

of the series of filters.

[0073] In some embodiments, the filtration system 120, 220 comprises a collector (not
shown) for collecting contaminants removed by the first filter 122, 222. In some
embodiments, such a collector is removable from the filtration system 120, 220, such as
for cleaning the collector or for replacing the collector when it is full or nearly full. For
example, in some embodiments the collector comprises a cartridge that is insertable in
the first filter 122, 222 and thereafter detachable from the first filter 122, 222. In other
embodiments, such a collector may be omitted. In some embodiments, the first filter 122,
222 may comprise a series of filters for removing different types of contaminants, such
as rust, dirt, etc., and in some embodiments a collector (e.g. a removable cartridge) may

be provided for each of the series of filters of the first filter 122, 222.

[0074] In some embodiments, the fuel system 20 may comprise one or more pre-filters
or strainers for removing particularly large particulate matter before the backflush fuel

passes through the second filter 225.

[0075] In this embodiment, the first filter 222 is connected to the settling tank 110 via the
second filter 225. Accordingly, fuel from which the second filter 225 has removed the
dislodged contaminants (termed “filtered backflush fuel” herein, for brevity) is returnable
to the settling tank 110. In some embodiments, a non-return valve (not shown) may be
provided between the second filter 225 and the settling tank 110, and configured so that
fuel in unable to flow from the settling tank 110 to the second filter 225 via the non-return

valve.

[0076] In some embodiments, the second filter 225 may be omitted. For example, in
some embodiments, the dislodged contaminants and the backflush fuel carrying them may
be collected in a tank without being filtered. The tank could be the settling tank 110 or a

different tank, for example, although as discussed above use of the settling tank 110 for
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this purpose could be undesirable, since it could increase the ratio of contaminants to fuel

in the settling tank 110.

[0077] In this embodiment, the filtration system 220 comprises a collecting tank 250, and
the first filter 222 is connected to the second filter 225 via the collecting tank 250.
Backflush fuel driven through the first filter 222 by the backflush pump 222a collects in
the collecting tank 250. In this embodiment, the collecting tank 250 is fluidly connected
to an overflow tank 260, so that a volume of backflush fuel exceeding that storable in the
collecting tank 250 is able to flow from the collecting tank 250 into the overflow tank
260 as required. In other embodiments, the overflow tank 260 may be omitted. Indeed,

in some embodiments, the collecting tank 250 also may be omitted.

[0078] Furthermore, in this embodiment, the filtration system 220 comprises a second
filter pump 227, such as a piston pump, and the collecting tank 250 is connected to the
second filter 225 via the second filter pump 227. The second filter pump 227 is operable
to pump backflush fuel from the collecting tank 250 to and though the second filter 225
so that the second filter 225 can remove the contaminants from the backflush fuel. In
some embodiments, the second filter pump 227 may be located between the collecting
tank 250 and the second filter 225 and be non-integral with the second filter 225 (as
illustrated). In other embodiments, the second filter pump 227 may be located elsewhere.
For example, in some embodiments, the second filter pump 227 is integral with the second
filter 225, or is in the collecting tank 250, or the second filter 225 may be connected to
the settling tank 110 via the second filter pump 227. In some embodiments, the second
filter pump 227 may be omitted. For example, in some embodiments, backflush fuel may
be able to flow through the second filter 225 under the influence of gravity when the
filtration system 220 is operating in the second mode. However, it is preferred that the
second filter pump 227 is provided, at least to reduce the work required of the backflush

pump 222a when the filtration system 220 is operating in the second mode.

[0079] In this embodiment, the filtration system comprises a first circulation valve 228
and a second circulation valve 229, which are joined by a circulation path C. The first

circulation valve 228 is located between the first filter 222 and the second filter 225.
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More specifically, in this embodiment, the first circulation valve 228 is located between
the first filter 222 and the collecting tank 250. The second circulation valve 229 is located
between the second filter 225 and the settling tank 110. The first and second circulation
valves 228, 229 are controllable by the filtration system controller 140 to direct filtered
backflush fuel pumped by the second filter pump 227 back to the collecting tank 250
(when provided, or to the second filter 225 when not) via the circulation path C rather
than to the settling tank 110. This may be desirable if the filtered backflush fuel is still
contaminated after passing through the second filter 225. The first and second circulation
valves 228, 229 may be controlled to cause this circulation for a prolonged period so that
the backflush fuel undergoes several rounds of filtering by the second filter 225. In other
words, the filtration system 220 is configurable to create a circuit so that the second filter
pump 227 is able to cause fuel to be passed through the second filter 225 and back to the
second filter pump 227 plural times. It will be noted that the circuit comprising the first
and second circulation valves 228, 229, the circulation path C, the collecting tank 250,
the second filter pump 227 and the second filter 225 can be isolated from the first filter
222 by the first and second circulation valves 228, 229, so that fuel can be circulated
around this circuit while the first filter 222 continues to filter fuel on its way to the service
tank 130. Therefore, the circuit may be isolated from the first filter 222, so that the
filtration system 220 is operable in the first mode while the second filter pump 227 is
causing fuel to be passed through the second filter 225 and back to the second filter pump
227 plural times. The first and second circulation valves 228, 229 may thereafter be
controlled by the controller 140 to thereafter direct filtered backflush fuel pumped by the
second filter pump 227 to the settling tank 110.

[0080] In some embodiments, a non-return valve (not shown) may be provided in the
circulation path C between the first and second circulation valves 228, 229, and
configured so that fuel is unable to flow from the first filter 222 to the second circulation
valve 229 via the circulation path C. In some embodiments, the first circulation valve
228 may be omitted, and the circulation path C may be simply connected to the flow path
connecting the first filter 222 with the second filter 225. In some embodiments, the first

and second circulation valves 228, 229 and the recirculation path C may be omitted.
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[0081] It will be appreciated that in Figure 3 each of the fuel return valve 224, the first
and second bypass valves BV1, BV2, and the first and second circulation valves 228, 229
is illustrated schematically as a single element at a junction of two flow paths. In some
embodiments, any of these valves may comprise a single valve, such as a rotary selector
valve, at the relevant junction. However, the skilled reader will appreciate that, in other
embodiments, any of these valves instead may be implemented by (and thus comprise)
plural valves located in the flow paths and operable to determine the flow path that fuel

approaching the valve is to take.

[0082] The fuel system 20 of this embodiment comprises a filtration system controller
140 for controlling the filtration system 220. The controller 140 may comprise one or
more microprocessor(s). In this embodiment, the controller 140 is communicatively
connected to, and for controlling, each of: the fuel transfer pump 105, the fuel pump 221,
the first and second bypass valves BV1, BV2, the backflush pump 222a, the fuel return
valve 224, the second filter pump 227, and the circulation valves 228, 229, as depicted by
dashed lines in Figure 3. In some embodiments, some of these elements may be
controlled by an entity other than the controller 140. Of course, in embodiments in which
one or more of these elements is/are omitted, the controller 140 would not be

communicatively connected to, and for controlling, such omitted element(s).

[0083] In this embodiment, the filtration system 220 comprises a pressure sensor 223
configured to detect a fuel pressure at a location between the first filter 222 and the service
tank 130, the fuel pressure being a parameter of fuel that has flowed through the first filter
222. The location in this embodiment is between the backflush pump 222a and the second
pump fuel return valve 224, but in other embodiments the location may be elsewhere,
such as between the fuel return valve 224 and the service tank 130. In this embodiment,
the pressure sensor 223 is communicatively connected to the controller 140, and is
configured to send a signal indicative of the fuel pressure at the location to the controller
140. The controller 140 is configured to cause the filtration system 220 to operate in the
second mode, when it is determined that the fuel pressure at the location is less than a

predetermined threshold fuel pressure. As described above in relation to the embodiment
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of Figure 2, this determination could be made by the controller 140, or other than at the

controller 140, such as at the pressure sensor 223.

[0084] In other embodiments, additional or alternative sensors to the pressure sensor 123,
223 may be provided to detect a condition of the first filter 122, 222 or a parameter of
fuel at a location between the first filter 122, 222 and the service tank 130. For example,
a mass flow sensor can be used to obtain information about the amount of fuel flow
between the first filter 122, 222 and the service tank 130. Other sensors such as viscosity
sensors, density sensors or any sensor for measuring a parameter of the fuel can be used.
A change in a parameter of the fuel at this location can indicate that the first filter 122,
222 needs to be backflushed. Any such employed sensor may be communicatively
connected to the controller 140, and configured to send a signal to the controller 140 on
the basis of the condition or parameter detected. The controller 140 may be configured
to cause the filtration system 120, 220 to operate in the second mode on the basis of the
signal (such as a characteristic or content of the signal, or the reception of the signal). In
some other embodiments, there is no such sensor and the controller 140 receives a signal
instead from a timer (not shown) indicating that a certain time period has elapsed since a
previous backflushing of the first filter 122, 222. The controller 140 could be configured
to then cause the filtration system 120, 220 to operate in the second mode on the basis of

having received such a signal.

[0085] While there is shown only one filtration system 120, 220 in the fuel systems 10,
20 of Figures 2 and 3, in other embodiments the fuel system 10, 20 could comprise plural
such filtration systems 120, 220 arranged in parallel, each comprising a first filter 122,
222 through which fuel flowing from the settling tank 110 to the service tank 130 passes.
In some embodiments, the plural filtration systems 120, 220 may be operable
independently of each other. Accordingly, in some embodiments, one of the filtration
systems 120, 220 may be inactive or operating in one of the first and second modes, while
another of the filtration systems 120, 220 is operating in one of the first and second modes.
In some embodiments, the filtration system controller 140 of the fuel system 10, 20 is for

controlling each of the plural filtration systems 120, 220. In other embodiments, each of
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the plural filtration systems 120, 220 may be controlled by a respective one of plural

controllers 140.

[0086] Example methods of operating a filtration system of a fuel system for an engine

of a marine vessel will now be described.

[0087] Figure 4 shows a flow chart illustrating an example of a method of operating a
filtration system of a fuel system for an engine of a marine vessel according to an
embodiment of the present invention. The method comprises causing 401 the filtration
system 120, 220 (such as the filtration system 120 of Figure 2 or the filtration system 220
of Figure 3) to operate in a first mode whereby fuel flows from a settling tank 110 of the
fuel system 10, 20 to a service tank 130 of the fuel system 10, 20 via a first filter 122, 222
of the filtration system 120, 220, the first filter 122, 222 being for removing contaminants
from the fuel. The method also comprises causing 402 the filtration system 120, 220 to
operate in a second mode whereby fuel flows from the service tank 130 through the first

filter 122, 222 to dislodge the contaminants from the first filter 122, 222.

[0088] Further methods of operating a filtration system of a fuel system for an engine of
a marine vessel according to respective embodiments of the present invention will now
be described with reference to Figure 5. These methods will be described with reference
to the filtration systems 120, 220 of Figures 2 and 3, but it will be appreciated that in still
further embodiments the filtration system 120, 220 used in any of the methods may be
any of the variations to the filtration systems 120, 220 of Figures 2 and 3 described herein.

[0089] The method comprises causing 501 a filtration system 120, 220 to operate in a
first mode whereby fuel flows from a settling tank 110 of the fuel system 10, 20 to a
service tank 130 of the fuel system 10, 20 via a first filter 122, 222 of the filtration system
120, 220, the first filter 122, 222 being for removing contaminants from the fuel.

[0090] In some embodiments, the causing 501 the filtration system to operate in the first
mode comprises causing 502 operation of a pump to pump fuel from the settling tank 110

to the service tank 130 via the first filter 122, 222. The pump may be the second pump
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124 shown in Figure 2, the third pump discussed above, the fuel pump 221 shown in
Figure 3, or another pump. The pump could take any suitable form. In other
embodiments, the causing 501 does not comprise such operation of a pump. For example,
as also discussed above, in some embodiments fuel may be able to flow from the settling
tank 110 through the first filter 122, 222 and to the service tank 130 under the influence
of gravity.

[0091] In some embodiments, the method comprises receiving 503 a signal indicative of
a condition of the first filter 122, 222 or of a parameter of fuel at a location between the
first filter 122, 222 and the service tank 130. This signal may be provided according to
any of the schemes discussed herein. Accordingly, in some embodiments, the method
comprises receiving the signal while the filtration system 120, 220 is operating in the first
mode (as indicated by the dotted line in Figure 5). In some embodiments, the method
comprises receiving 503 the signal after the filtration system 120, 220 has ceased
operating in the first mode. For example, the condition or parameter may be monitored
and reported (e.g. to the controller 140) even when fuel is not passing into the service

tank 130.

[0092] In some embodiments, the method comprises causing 504 closure of a valve 121
to prevent or hinder fuel flow from the first filter 122, 222 towards the settling tank 110,
when it is determined that the fuel pressure is less than a predetermined threshold fuel
pressure. In other embodiments, this operation may be omitted. For example, as
discussed above, in some embodiments the valve 121 may be a non-return valve
configured so that fuel is unable to flow from the first filter 122 to the settling tank 110
via the valve 121, and so the valve 121 may not need actively closing. In some
embodiments, the fuel pump 221 may instead be configured to prevent or hinder fuel flow

from the first filter 222 towards the settling tank 110.

[0093] The method also comprises causing 505 the filtration system 120, 220 to operate
in a second mode whereby fuel flows from the service tank 130 through the first filter

122, 222 to dislodge the contaminants from the first filter 122, 222.

25

PCT/EP2019/051564



10

15

20

25

30

WO 2019/145326

[0094] As discussed above, in some embodiments the causing 505 the filtration system
120, 220 to operate in the second mode comprises causing 506 operation of a pump to
pump fuel from the service tank 130 through the first filter 122, 222 to dislodge the
contaminants from the first filter 122, 222. The pump may be the second pump 124
shown in Figure 2, the backflush pump 222a shown in Figure 3, or another pump. The
pump could take any suitable form. In other embodiments, the causing 505 does not
comprise such operation of a pump. For example, as also discussed above, in some
embodiments fuel may be able to flow from the service tank 130 through the first filter

122, 222 under the influence of gravity.

[0095] In some embodiments, the causing 505 the filtration system 120 to operate in the
second mode comprises causing 507 the contaminants that have been dislodged from the
first filter 122, 222 (and the backflush fuel carrying the contaminants) when the filtration
system 120 is operating in the second mode to pass through a second filter 125, 225 of
the filtration system, the second filter 125, 225 being for removing the dislodged
contaminants from that fuel. This could be according to any of the schemes discussed
herein. Accordingly, in some embodiments, the causing 505 the filtration system 120,
220 to operate in the second mode comprises causing 508 fuel from which the second
filter 125, 225 has removed the dislodged contaminants to be returned to the settling tank
110. However, in some embodiments, this process (and the second filter 125, 225) may

be omitted, as also discussed herein.

[0096] In some embodiments, the method returns to 501 after performance of 505 has
been completed, so that the filtration system 120, 220 begins to operate in the first mode

again.

[0097] In some embodiments, the method may be performed by a filtration system
controller, such as the controller 140 shown in Figure 2 or the controller shown in Figure
3. There is thus also provided a non-transitory computer-readable storage medium storing
instructions that, if executed by a processor of a filtration system controller, cause the
processor to carry out the method. The processor may be comprised in the controller 140

of Figure 2, the controller 140 of Figure 3, or elsewhere.

26

PCT/EP2019/051564



10

WO 2019/145326 PCT/EP2019/051564

[0098] The skilled reader will therefore appreciate that embodiments of the present
invention provide fuel systems for removing solid contaminants from fuel, while

addressing the aforementioned problems in conventional, and alternative, systems.

[0099] In other embodiments, two or more of the above described embodiments may be
combined. In other embodiments, features of one embodiment may be combined with

features of one or more other embodiments.
[0100] Embodiments of the present invention have been discussed with particular

reference to the examples illustrated. However, it will be appreciated that variations and

modifications may be made to the examples described within the scope of the invention.
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CLAIMS:

1. A fuel system for an engine of a marine vessel, the fuel system comprising:

a settling tank for cleaning fuel for the engine;

a service tank for storing fuel for the engine; and

a filtration system comprising a first filter, wherein the settling tank is fluidly
connected to the service tank via the first filter, and wherein the first filter is configured
to remove contaminants from fuel flowing from the settling tank to the service tank; and

wherein the filtration system is configured to be operable in a first mode in which
the first filter removes the contaminants from fuel flowing from the settling tank to the
service tank, and in a second mode in which fuel filtered by the filtration system flows

through the first filter to dislodge the contaminants from the first filter.

2. The fuel system of claim 1, comprising a backflush pump for pumping fuel

through the first filter when the filtration system is operating in the second mode.

3. The fuel system of claim 2, wherein the backflush pump is upstream of the first

filter when the filtration system is operating in the second mode.

4. The fuel system of any one of claims 1 to 3, wherein the first filter comprises a

series of filters.

5. The fuel system of any one of claims 1 to 4, comprising a fuel pump for pumping
fuel from the settling tank through the first filter to the service tank when the filtration

system is operating in the first mode.
6. The fuel system of any one of claims 1 to 5, comprising a valve through which

fuel flowing from the settling tank to the first filter passes in use, wherein the valve is for

controlling fuel flow from the first filter towards the settling tank.
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7. The fuel system of claim 6, wherein the filtration system is configured so that the
valve is closed to prevent or hinder fuel flow from the first filter towards the settling tank,

when the filtration system is operating in the second mode.

8. The fuel system of any one of claims 1 to 7, wherein the filtration system
comprises a second filter for removing the dislodged contaminants from fuel that has

passed through the first filter when the filtration system is operating in the second mode.

9. The fuel system of claim 8, wherein the filtration system comprises a collector for

collecting the contaminants removed by the second filter.

10. The fuel system of claim 8 or claim 9, comprising a pump for pumping fuel

through the second filter.

11. The fuel system of claim 10, wherein the filtration system is configurable to create
a circuit so that the pump for pumping fuel through the second filter is able to cause fuel
to be passed through the second filter and back to the pump for pumping fuel through the

second filter plural times.

12. The fuel system of claim 11, wherein the circuit is isolated from the first filter, so
that the filtration system is operable in the first mode while the pump for pumping fuel
through the second filter is causing fuel to be passed through the second filter and back

to the pump for pumping fuel through the second filter plural times.

13.  The fuel system of any one of claims 1 to 12, wherein the filtration system is
according to any one of claims 8 to 12, and wherein the first filter is connected to the
settling tank via the second filter, whereby fuel from which the second filter has removed

the dislodged contaminants is returnable to the settling tank.

14.  The fuel system of claim 2 or any claim dependent thereon, wherein the service

tank is connected to the first filter via the backflush pump.
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15. The fuel system of any one of claims 1 to 14, comprising a filtration system

controller for controlling the filtration system.

16. The fuel system of claim 15, wherein the filtration system comprises a sensor
configured to detect a condition of the first filter or a parameter of fuel at a location
between the first filter and the service tank and to send a signal to the filtration system
controller on the basis of the condition or parameter detected, and

wherein the filtration system controller is configured to cause the filtration system

to operate in the second mode on the basis of the signal.

17. A marine vessel comprising the fuel system of any one of claims 1 to 16.

18. A method of operating a filtration system of a fuel system for an engine of a
marine vessel, the method comprising:
causing the filtration system to operate in a first mode whereby fuel flows from a
settling tank of the fuel system to a service tank of the fuel system via a first filter of the
filtration system, the first filter being for removing contaminants from the fuel; and
causing the filtration system to operate in a second mode whereby fuel filtered by
the filtration system flows through the first filter to dislodge the contaminants from the

first filter.

19. A non-transitory computer-readable storage medium storing instructions that, if
executed by a processor of a filtration system controller, cause the processor to carry out

the method of claim 18.

20.  Use of a filtration system in a fuel system for an engine of a marine vessel to, in
a first mode, remove contaminants from fuel flowing from a settling tank of the fuel
system to a service tank of the fuel system using a first filter of the filtration system, and,
in a second mode, to dislodge the contaminants from the first filter using fuel filtered by

the filtration system.
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