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(54) Ship

(57) A ship provided with an exhaust gas recircula-
tion system (10) for recirculating exhaust gases from an
exhaust conduit (9) of a propulsion engine (1) to an air
intake (3) thereof. The recirculation system comprises:
- two or more particulate filters (12a, 12b) arranged in
the recirculation system in parallel with each other;
- valve means (17) for selectively switching the respective
filter (12a, 12b) between an active state and an inactive

state, the valve means being configured to allow exhaust
gases to pass from the exhaust conduit to the air intake
through a filter which is in the active state and to prevent
exhaust gases from passing from the exhaust conduit to
the air intake through a filter which is in the inactive state;
and
- filter regeneration means (40) for selectively initiating a
regeneration of the respective filter when the filter is in
the inactive state.
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Description

FIELD OF THE INVENTION AND PRIOR ART

[0001] The present invention relates to a ship provided
with a propulsion engine in the form of a diesel or gas
engine.
[0002] A ship is normally provided with a propulsion
unit comprising a number of propulsion engines in the
form of large diesel engines. The propulsion engines may
be connected to a propeller shaft in order to drive a pro-
peller of the ship or connected to a generator in order to
produce electric power that can be used for the propul-
sion of the ship. Traditionally, the exhaust gases from a
propulsion engine of a ship have been allowed to escape
unpurified into the surroundings. However, there is today
a growing desire to reduce the emission of substances
that are hazardous to the environment, such as for in-
stance NOx. Thus, there is a growing demand for a sys-
tem that can be installed in a ship in order to reduce the
content of NOx in the exhaust gases that are released
into the free air from an exhaust conduit of a propulsion
engine in the ship.
[0003] A propulsion engine in a ship is normally sub-
stantially larger than a conventional diesel engine of a
heavy road vehicle and therefore generates substantially
larger amounts of exhaust gases as compared to such
a conventional diesel engine. This will make heavy de-
mands on the equipment to be used for purifying the ex-
haust gases from a propulsion engine of a ship and it will
normally not be possible to use standard exhaust gas
purifying components dimensioned for use with a con-
ventional diesel engine of a heavy road vehicle.
[0004] There are two main techniques in use today for
reducing the content of NOx in the exhaust gases from
a conventional diesel engine of a heavy road vehicle,
namely the SCR catalyst technique (SCR = Selective
Catalytic Reduction) and the EGR technique (EGR = Ex-
haust Gas Recirculation). The SCR catalyst technique is
the most effective technique and is also used on ships,
but suffers from the drawback that an SCR catalyst de-
signed for use with a conventional propulsion engine of
a ship will be very large and bulky. Another drawback
with the SCR catalyst technique is that large
reservoirs are required in the ship for storing the reducing
agent required for the operation of the SCR catalyst. The
EGR technique is less effective than the SCR catalyst
technique and has so far not come into use on ships.

SUMMARY OF THE INVENTION

[0005] The object of the present invention is to provide
a favourable solution for purifying the exhaust gases from
a propulsion engine in a ship.
[0006] According to the invention, this object is
achieved by a ship having the features defined in claim 1.
[0007] According to the invention, an exhaust gas re-
circulation system is provided in the ship for recirculating

exhaust gases from an exhaust conduit of a propulsion
engine in the ship to an air intake of the propulsion engine,
the recirculation system comprising:

- a filter arrangement for removing particulate constit-
uents from exhaust gases passing through the recir-
culation system from the exhaust conduit to the air
intake, the filter arrangement comprising two or more
particulate filters arranged in the recirculation sys-
tem in parallel with each other;

- valve means for selectively switching the respective
filter between an active state and an inactive state,
the valve means being configured to allow exhaust
gases to pass from the exhaust conduit to the air
intake through a filter which is in the active state and
to prevent exhaust gases from passing from the ex-
haust conduit to the air intake through a filter which
is in the inactive state; and

- filter regeneration means for selectively initiating a
regeneration of the respective filter when the filter is
in the inactive state.

[0008] By having the particulate filters arranged in the
exhaust gas recirculation system and not in the ordinary
exhaust conduit from the propulsion engine, it will be pos-
sible to use conventional particulate filters of the type and
dimension presently used in exhaust conduits from diesel
engines in heavy road vehicles. This is due to the fact
that the reciculated exhaust gas flow in the recirculation
system of a conventional propulsion engine of a ship nor-
mally will be of approximately the same magnitude as
the exhaust gas flow in the exhaust conduit from a con-
ventional diesel engine in a heavy road vehicle. Thus,
standard particulate filters can be used, which will con-
tribute to comparatively low installation and maintenance
costs and reduced space requirements. Furthermore, by
using two or more parallel particulate filters, a filter may
be regenerated while one or more other filters are in op-
eration. Hereby, a filter can be regenerated at the same
time as the recirculation system continues to operate nor-
mally.
[0009] Further advantages as well as advantageous
features of the invention will appear from the following
description and the dependent claims.

BRIEF DESCRIPTION OF THE DRAWING

[0010] With reference to the appended drawing, a spe-
cific description of preferred embodiments of the inven-
tion cited as examples follows below. In the drawing:

Fig 1 is a schematic planar view from above of a pro-
pulsion engine and an exhaust gas recirculation
system in- cluded in a ship according to an em-
bodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0011] A propulsion engine 1 of a ship is illustrated in
Fig 1. In the illustrated example, the propulsion engine 1
is a diesel engine, but it could alternatively be a gas en-
gine. The propulsion engine 1 preferably has an engine
power of 500 kW or more. In the illustrated example, the
output shaft of the propulsion engine 1 is connected to a
generator 2, which is driven by the propulsion engine in
order to produce electric power that can be used for the
propulsion of the ship. The output shaft of the propulsion
engine 1 could alternatively be connected to a propeller
shaft in order to drive a propeller of the ship.
[0012] The propulsion engine 1 is provided with an air
intake 3, through which combustion air is fed into the
propulsion engine. In the illustrated example, the air in-
take 3 comprises two air inlet channels 4a, 4b, each of
which being provided with an air filter 5a, 5b.
[0013] In the illustrated example, the propulsion en-
gine 1 is provided with turbo chargers 6a, 6b in order to
achieve supercharging, i.e. forced air supply to the pro-
pulsion engine. A first turbo charger 6a comprises a com-
pressor wheel 7a arranged in a first one 4a of the air inlet
channels, and a second turbo charger 6b comprises a
compressor wheel 7b arranged in the other air inlet chan-
nel 4b. The respective compressor wheel 7a, 7b is driven
by an associated turbine wheel 8a, 8b, which is arranged
to be driven in rotation by exhaust gases from the pro-
pulsion engine 1. The compressor wheel 7a, 7b and the
turbine wheel 8a, 8b of the respective turbo charger 6a,
6b are operably connected to each other, e.g. by being
placed on one and the same shaft. As an alternative, the
flow of air into the propulsion engine 1 through the air
inlet channels 4a, 4b may be achieved without any turbo
chargers, i.e. merely by the suction caused by piston
movements in the propulsion engine.
[0014] An exhaust conduit 9 is connected to the pro-
pulsion engine 1. The exhaust gases produced by the
propulsion engine 1 are conducted through the exhaust
conduit 9 and the main part thereof enters into the sur-
roundings via an exhaust gas outlet (not shown) connect-
ed to the exhaust conduit. An exhaust gas recirculation
system 10 is provided for recirculating exhaust gases
from the exhaust conduit 9 to the air intake 3.
[0015] The recirculation system 10 comprises a filter
arrangement 11 for removing particulate constituents
from exhaust gases passing through the recirculation
system from the exhaust conduit 9 to the air intake 3. In
the illustrated example, the filter arrangement 11 com-
prises a first particulate filter 12a and a second particulate
filter 12b arranged in the recirculation system 10 in par-
allel with each other. The filter arrangement may howev-
er, if so desired, comprise more than two particulate filters
arranged in parallel with each other in the recirculation
system. The respective filter 12a, 12b has such a filtering
efficiency that it is capable of catching particulate con-
stituents to such an extent that the exhaust gases, after

having passed through the filter, are sufficiently filtered
for being recirculated to the air intake 3 of the propulsion
engine and introduced into the propulsion engine 1 with-
out causing any damages to the propulsion engine. The
filters 12a, 12b constitute so-called diesel particulate fil-
ters.
[0016] The recirculation system 10 comprises an inlet
13 for receiving exhaust gases from the exhaust conduit
9. The inlet 13 comprises a pick-up tube 14, which is
arranged in the exhaust conduit 9 with its inlet opening
15 directed against the intended flowing direction of ex-
haust gases flowing through the exhaust conduit. The
exhaust gases entering the recirculation system through
the inlet 13 are directed through a conduit 16 towards
the filters 12a, 12b.
[0017] The recirculation system 10 comprises valve
means 17 for selectively switching the respective filter
12a, 12b between an active state and an inactive state.
The valve means 17 are configured to allow exhaust gas-
es to pass from the exhaust conduit 9 to the air intake 3
through a filter which is in the active state and to prevent
exhaust gases from passing from the exhaust conduit 9
to the air intake 3 through a filter which is in the inactive
state. The valve means 17 are preferably configured to
switch one of said filters 12a, 12b from active to inactive
state while simultaneously switching the other one of said
filters from inactive to active state.
[0018] In the illustrated example, said valve means 17
comprise a valve device 18, which is arranged in the con-
duit 16 between the inlet 13 and the filters 12a, 12b in
order to direct the exhaust flow in the conduit 16 to one
of the filters 12a, 12b while preventing the exhaust flow
in the conduit 16 from reaching the other filter. Thus, the
valve device 18 is configured to set one filter at a time in
communication with the intake 13 while disconnecting
the other filter from the intake 13.
[0019] The recirculation system 10 comprises two first
outlets 19a, 19b connected to the air intake 3 of the pro-
pulsion engine 1 for discharging recirculated exhaust
gases to the air intake. One 19a of said first outlets is
connected to the first air inlet channel 4a and the other
one 19b of said first outlets is connected to the second
air inlet channel 4b. The recirculation system 10 also
comprises a second outlet 20 connected to the exhaust
conduit 9 downstream of the inlet 13 for discharging com-
bustion gases produced during the regeneration of the
respective filter 12a, 12b to the exhaust conduit. In the
illustrated example, a valve device 21a, 21 b is arranged
downstream of the respective filter 12a, 12b in order to
selectively set the outlet 22a, 22b of the filter in commu-
nication with the first outlets 19a, 19b of the recirculation
system or with the second outlet 20 of the recirculation
system.
[0020] The recirculation system 10 comprises filter re-
generation means 40 for selectively initiating a regener-
ation of the respective filter 12a, 12b when the filter is in
the inactive state. In the illustrated example, the filter re-
generation means 40 comprise heaters 41a, 41 b, which
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are connected to a respective one of the filters 12a, 12b
in order to generate heat to the filter for the initiation of
a regeneration thereof, and an air blower 42 for blowing
air through the respective heater 41 a, 41 b and into the
filter 12a, 12b associated with the heater, when a regen-
eration of the filter is to be initiated. The air blower 42
comprises a fan 43, the speed of which being controlled
by an electric motor 44 so as to thereby control the tem-
perature of the hot air entering a filter 12a, 12b from the
heater 41 a, 41 b associated therewith when a regener-
ation of the filter is to be initiated. A valve device 45 is
arranged between the fan 43 and the heaters 41 a, 41 b
in order to direct the air flow from the air blower 42 to one
of the heaters 41 a, 41 b while preventing the air flow
from the air blower 42 from reaching the other heater.
Thus, the valve device 45 is capable of setting one heater
41a, 41 b at a time in communication with the air blower
42 while disconnecting the other heater from the air blow-
er.
[0021] The respective filter 12a, 12b comprises a first
inlet 23a, 23b for receiving exhaust gases from the ex-
haust conduit 9 and a second inlet 24a, 24b for receiving
air from the air blower 42. The respective heater 41 a,
41 b is connected to the second inlet 24a, 24b of the filter
12a, 12b to which it belongs. A shut-off valve 46a, 46b
is arranged between the respective heater 41 a, 41 b and
the second inlet 24a, 24b of the associated filter 12a,
12b. This shut-off valve is open when the associated filter
is regenerated. Otherwise, the shut-off valve 46a, 46b is
closed so as to prevent unfiltered exhaust gases from
entering the heater 41a, 41 b during the periods between
regeneration operations.
[0022] A cooler 25 is arranged between the filters 12a,
12b and the air intake 3 of the propulsion engine in order
to cool the recirculated exhaust gases. In the illustrated
example, the cooler 25 is connected by conduits 26 to
the cooling system of the propulsion engine 1 so as to
be provided with cooling water from this cooling system.
A condensate trap 27 is arranged immediately down-
stream of the cooler 25.
[0023] A valve device 28 is arranged in the recircula-
tion system 10 between the filters 12a, 12b and the air
intake 3 of the propulsion engine, and the recirculation
system comprises an electronic control device 29 for con-
trolling the valve device 28 so as to thereby regulate the
amount of exhaust gases recirculated to the propulsion
engine 1. This valve device 28 constitutes a so-called
EGR valve. A flow meter 30 is provided for measuring
the amount of exhaust gases passing through the recir-
culation system 10. The control device 29 is connected
to this flow meter 30 so as to receive information from it
as to the amount of exhaust gases presently recirculated
to the propulsion engine.
[0024] In the illustrated example, secondary filters 31a,
31 b are arranged between the valve device 28 and the
first outlets 19a, 19b of the recirculation system. A first
secondary filter 31a is arranged upstream of one 19a of
said first outlets and a second secondary filter 31 b is

arranged upstream of the other one 19b of these outlets.
The secondary filters 31 a, 31 b have a filtering efficiency
that is lower than the filtering efficiency of the particulate
filters 12a, 12b and are intended to protect the propulsion
engine 1 from being damaged by larger particles if the
particulate filters 12a, 12b or any other components of
the recirculation system 10 would be subjected to failure.
[0025] Shut-off valves 32, 33 are provided at the inlet
13 and the second outlet 20 of the recirculation system
10 in order to make it possible to disconnect the recircu-
lation system from the exhaust conduit 9.
[0026] The valve devices 18, 21a, 21 b, the shut-off
valves 32, 33, 46a, 46b, the heaters 41 a, 41 b, the valve
device 45 and the electric motor 44 of the air blower are
controlled by the control device 29 or by another elec-
tronic control device.
[0027] When the recirculation system 10 is in opera-
tion, one of the filters, for instance the first filter 12a, is
in the active state and consequently connected to the
inlet 13 of the recirculation system so as to receive ex-
haust gases from the exhaust conduit 9, whereas the
other filter 12b is in the inactive state and consequently
disconnected from the inlet 13. The outlet 22a of the ac-
tive first filter 12a is connected to the air intake 3 of the
propulsion engine 1 and disconnected from the second
outlet 20 of the recirculation system, whereas the outlet
22b of the inactive second filter 12b is disconnected from
the air intake 3 and connected to the second outlet 20.
When the active first filter 12a has collected a given
amount of particles or when a given period of time has
lapsed since this filter was set in the active state, the
valve device 18 will disconnect this filter 12a from the
inlet 13 and instead connect the second filter 12b to the
inlet 13 so as to thereby switch the first filter 12a from
active to inactive state and the second filter 12b from
inactive to active state. At the same time, the valve device
21a will disconnect the outlet 22a of the first filter 12a
from the air intake 3 and instead connect this outlet 22a
to the second outlet 20 of the recirculation system, where-
as the valve device 21 b will disconnect the outlet 22b of
the second filter 12b from the second outlet 20 of the
recirculation system and instead connect this outlet 22a
to the air intake 3. Thereafter, the shut-off valve 46a is
opened and the electric motor 44 of the air blower 42 and
the heater 41a are switched on so as to thereby initiate
a regeneration of the now inactive first filter 12a. The
heater 41 a heats the air flow from the air blower 42, and
the heated air is directed into the filter 12a so as to raise
the temperature therein to such a level that combustion
of the particles accumulated in the filter will occur. Here-
by, the inactive filter 12a is regenerated. The combustion
gases formed during the regeneration of the inactive filter
12a will be discharged to the exhaust conduit 9 through
the second outlet 20 of the recirculation system. When
the regeneration of the inactive filter 12a has been com-
pleted, for instance when a given period of time has
lapsed since the start of the regeneration process, the
electric motor 44 of the air blower and the heater 41a are
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switched off and the shut-off valve 46a is closed. When
the now active second filter 12b has collected a given
amount of particles or when a given period of time has
lapsed since this filter was set in the active state, the
valve device 18 will disconnect this filter 12b from the
inlet 13 and instead connect the first filter 12a to the inlet
13 so as to thereby switch the second filter 12b from
active to inactive state and the first filter 12a from inactive
to active state. At the same time, the valve device 21 b
will disconnect the outlet 22b of the second filter 12b from
the air intake 3 and instead connect this outlet 22b to the
second outlet 20 of the recirculation system, whereas the
valve device 21a will disconnect the outlet 22a of the first
filter 12a from the second outlet 20 of the recirculation
system and instead connect this outlet 22b to the air in-
take 3. Thereafter, the shut-off valve 46b is opened and
the electric motor 44 of the air blower 42 and the heater
41 b are switched on so as to thereby initiate a regener-
ation of the now inactive second filter 12b. The combus-
tion gases formed during the regeneration of the inactive
filter 12b will be discharged to the exhaust conduit 9
through the second outlet 20 of the recirculation system.
When the regeneration of the inactive filter 12b has been
completed, the electric motor 44 of the air blower and the
heater 41 b are switched off and the shut-off valve 46b
is closed.
[0028] The above-mentioned operating sequence is
repeated as long as the propulsion engine 1 is in opera-
tion.
[0029] The amount of particles accumulated in the ac-
tive filter may for instance be established by measuring
the pressure drop across the filter and the volume flow
through the filter.
[0030] The invention is of course not in any way re-
stricted to the embodiments described above. On the
contrary, many possibilities to modifications thereof will
be apparent to a person with ordinary skill in the art with-
out departing from the basic idea of the invention such
as defined in the appended claims.

Claims

1. A ship provided with a propulsion engine (1) in the
form of a diesel or gas engine,
characterized in:

- that an exhaust gas recirculation system (10)
is provided for recirculating exhaust gases from
an exhaust conduit (9) of the propulsion engine
to an air intake (3) thereof;
- that the recirculation system (10) comprises a
filter arrangement (11) for removing particulate
constituents from exhaust gases passing
through the recirculation system (10) from the
exhaust conduit (9) to the air intake (3), the filter
arrangement comprising two or more particulate
filters (12a, 12b) arranged in the recirculation

system in parallel with each other;
- that the recirculation system (10) comprises
valve means (17) for selectively switching the
respective filter (12a, 12b) between an active
state and an inactive state, the valve means (17)
being configured to allow exhaust gases to pass
from the exhaust conduit (9) to the air intake (3)
through a filter which is in the active state and
to prevent exhaust gases from passing from the
exhaust conduit (9) to the air intake (3) through
a filter which is in the inactive state; and
- that the recirculation system (10) comprises
filter regeneration means (40) for selectively in-
itiating a regeneration of the respective filter
(12a, 12b) when the filter is in the inactive state.

2. A ship according to claim 1, characterized in that
the filter regeneration means (40) comprise heaters
(41a, 41 b), which are connected to a respective one
of said filters (12a, 12b) in order to generate heat to
the filter for the initiation of a regeneration thereof.

3. A ship according to claim 2, characterized in that
the filter regeneration means (40) comprise an air
blower (42) for blowing air through the respective
heater (41 a, 41 b) and into the filter (12a, 12b) as-
sociated with the heater, when a regeneration of the
filter is to be initiated.

4. A ship according to claim 3, characterized in that
the air blower (42) comprises a fan (43), the speed
of which being controlled by an electric motor (44)
so as to thereby control the temperature of the hot
air entering a filter (12a, 12b) from the heater (41a,
41 b) associated therewith when a regeneration of
the filter is to be initiated.

5. A ship according to claim 3 or 4, characterized in
that the respective filter (12a, 12b) comprises a first
inlet (23a, 23b) for receiving exhaust gases from the
exhaust conduit (9) and a second inlet (24a, 24b) for
receiving air from the air blower (42), the respective
heater (41 a, 41 b) being connected to the second
inlet (24a, 24b) of the filter to which it belongs.

6. A ship according to any of claims 1-5, characterized
in that a cooler (25) is arranged between the filters
(12a, 12b) and the air intake (3) of the propulsion
engine in order to cool the recirculated exhaust gas-
es.

7. A ship according to claim 6, characterized in that
a condensate trap (27) is arranged between the cool-
er (25) and the air intake (3) of the propulsion engine.

8. A ship according to any of claims 1-7, characterized
in that the recirculation system (10) comprises:
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- an inlet (13) for receiving exhaust gases from
the exhaust conduit (9);
- one or more first outlets (19a, 19b) connected
to the air intake (3) of the propulsion engine for
discharging recirculated exhaust gases to the
air intake; and
- one or more second outlets (20) connected to
the exhaust conduit (9) downstream of the inlet
(13) for discharging combustion gases pro-
duced during the regeneration of the respective
filter (12a, 12b) to the exhaust conduit.

9. A ship according to claim 8, characterized in that
the inlet (13) of the recirculation system (10) com-
prises a pick-up tube (14), which is arranged in the
exhaust conduit (9) with its inlet opening (15) direct-
ed against the intended flowing direction of exhaust
gases flowing through the exhaust conduit.

10. A ship according to claim 8 or 9, characterized in
that a valve device (21a, 21 b) is arranged down-
stream of the respective filter (12a, 12b) in order to
selectively set the outlet (22a, 22b) of the filter in
communication with at least one of said one or more
first outlets (19a, 19b) of the recirculation system or
with at least one of said one or more second outlets
(20) of the recirculation system.

11. A ship according to any of claims 1-10, character-
ized in that the recirculation system (10) comprises
a valve device (28) arranged between the filters (12a,
12b) and the air intake (3) of the propulsion engine,
and an electronic control device (29) for controlling
the valve device (28) so as to thereby regulate the
amount of exhaust gases recirculated to the propul-
sion engine (1).

12. A ship according to any of claims 1-11, character-
ized in that said valve means (17) are configured
to switch at least one of said filters (12a, 12b) from
active to inactive state while simultaneously switch-
ing at least another one of said filters (12a, 12b) from
inactive to active state.

13. A ship according to any of claims 1-12, character-
ized in that the propulsion engine (1) has an engine
power of 500 kW or more.
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