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(57) Abstract: The invention relates to an exhaust gas scrubber (1') for cleaning ex-
haust gases from combustion engines, particularly ship engines, of impurities, the ex-
haust gas scrubber comprising a bed-like structure (3') which is supported from be-
low by a support grate (14") and through which uncleaned exhaust gases are fed, and
feed devices (5') for feeding scrubbing water into the bed-like structure, the exhaust
gases being cleaned while passing through the bed-like structure. In order to ensure
reliable operation of the exhaust gas scrubber (1') and to be able to dismiss a duplex
filter used in connection with removal of eftfluent from the exhaust gas scrubber, a
lower part of the exhaust gas scrubber is, beneath the support grate (14"), provided
with a filter (12") to prevent a filler material from entering a discharge outlet (13")
located in the lower part of the exhaust gas scrubber and provided for discharging the
scrubbing water containing impurities of the exhaust gases, i.e. the effluent, from the
exhaust gas scrubber. The invention also relates to a ship provided with an exhaust
gas scrubber (1).
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Exhaust gas scrubber and ship

Background of the invention

[0001] The invention relates to an exhaust gas scrubber for cleaning
exhaust gases from combustion engines, particularly ship engines, of impuri-
ties, the exhaust gas scrubber having a feed channel connected thereto for
feeding exhaust gases containing impurities into and through a bed-like struc-
ture containing a filler material and arranged inside the exhaust gas scrubber
and being from below supported by a support grate, and the exhaust gas
scrubber comprising feed devices for feeding scrubbing water into the bed-like
structure in a direction different from a flow direction of exhaust gases in the
bed-like structure in order to reduce impurities in the exhaust gases such that
the exhaust gases exit, cleaned, the bed-like structure and a discharge chan-
nel of the exhaust gas scrubber. The invention also relates to a ship compris-
ing such an exhaust gas scrubber.

[0002] An exhaust gas scrubber of the aforementioned kind is
known from document EP 1857169 A1. The bed-like structure of the exhaust
gas scrubber consists of a large number of filler pieces. The purpose of the fill-
er pieces is to improve the cleaning efficiency by providing the bed-like struc-
ture with a large surface for the exhaust gases to come into contact with the
scrubbing water. Although the bed-like structure is from below supported by
the support grate, filler pieces may drop from the bed-like structure onto the
bottom of the exhaust gas scrubber and enter a discharge outlet for discharg-
ing impurities-containing scrubbing water, i.e. effluent, from the exhaust gas
scrubber. If the discharge outlet leads into a line provided with a pump for re-
moving the effluent from the exhaust gas scrubber, a filter has to be arranged
in front of the pump to prevent the filler pieces from entering the pump. Such
entry of filler pieces into the pump would destroy the pump or prevent it from
operating impeccably. The operation of the exhaust gas scrubber requires
large amounts of effluent being removed therefrom. If the effluent is not re-
moved, it may enter the ship engine, which is not acceptable since disturbance
in the operation of the combustion engine or flooding of the combustion engine
may result in serious safety risks.

[0003] It is known to prevent filler pieces from entering a pump used
for moving the effluent by installing a duplex filter upstream of the pump. The
operating principle of the duplex filter is that only one of its two filter chambers
is used. If the first filter chamber is clogged, the second filter chamber is put to
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use. When the second filter chamber is in use, the first fiter chamber is
cleaned so as to enable it to be put to use when the second filter chamber be-
comes clogged. An advantage of the duplex filter is that it may be kept contin-
uously in operation even if one of the filter chambers of the duplex filter is
clogged. A problem with the duplex filter is, however, that its structure is com-
plex and expensive. The duplex filter has also to be controlled so as to main-
tain its operation. If the duplex filter is used in ships for filtering the effluent be-
ing discharged from an exhaust gas scrubber, the removal of the effluent from
the exhaust gas scrubber cannot be disturbed. It is complex and difficult to
monitor and control the operation of the duplex filter such that the second filter
chamber is put to use if the first one has been filled up enough to prevent the
effluent from flowing. In addition, the duplex filter is large and difficult to install
particularly in places where only limited and little space is available for installa-
tion, as is the case in connection with an exhaust gas scrubber for a ship. In
view of the aforementioned reasons, the duplex filter is inconvenient and prob-
lematic to use for filtering the effluent from exhaust gas scrubbers.

Brief description of the invention

[0004] An object of the invention is to provide a novel arrangement
in connection with an exhaust gas scrubber which enables scrubbing water be-
ing discharged from the exhaust gas scrubber and containing impurities, i.e.
effluent, to be reliably transferred from the exhaust gas scrubber to optional
further processing with no risk of filler pieces originating from the bed-like
structure moving along with the effluent during the transfer.

[0005] This object is achieved by an exhaust gas scrubber which is
characterized in that a bottom part of the exhaust gas scrubber is, beneath the
support grate, at a distance from the support grate, provided with a filter to
prevent the filler material from entering a discharge outlet located in the bottom
part of the exhaust gas scrubber and provided for discharging the scrubbing
water containing impurities of the exhaust gases, i.e. effluent, from the exhaust
gas scrubber.

[0006] The idea underlying the invention is to clean the effluent of
filler pieces originating from the bed-like structure by a filter which is not sepa-
rate from the exhaust gas scrubber but is arranged in the exhaust gas scrub-
ber itself, i.e. inside a vessel of the exhaust gas scrubber.

[0007] Preferably, the filter is arranged below an inlet of the exhaust
gas feed channel and, further, the filter is in the form of a filter plate whose di-
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ameter corresponds to the diameter of the exhaust gas scrubber. Such a filter
is particularly easy to manufacture and install, and it also quite efficiently pre-
vents the effluent from entering the exhaust gas feed channel and the ship en-
gine even if the ship were rolling violently in a storm. No water is to enter the
ship engine, because it would endanger the operation of the engine.

[0008] An exhaust gas scrubber according to the invention may
preferably be such that it is provided with at least one by-pass path for flow of
exhaust gases, the by-pass path being for conveying exhaust gases containing
impurities past the bed-like structure and further out of the exhaust gas scrub-
ber, the at least one by-pass path having blocking devices for setting the by-
pass path from an open position to a blocking position in order to prevent im-
purities-containing exhaust gases from flowing through the by-pass path and,
vice versa, from the blocking position to the open position in order to allow im-
purities-containing exhaust gases to flow through the by-pass path, the block-
ing devices comprising a perforated blocking plate, and when viewed down-
stream thereof, in the direction of flow of the exhaust gases, the by-pass path
is provided with filler pieces for forming a cleaning space for cleaning exhaust
gases, the cleaning space being arranged to be emptied of the filler pieces
such that the filler pieces drop onto the filter when the blocking plate moves
from the blocking position to the open position. Such an exhaust gas scrubber
is particularly advantageous for the reliable operation of a ship engine because
it cannot be clogged by impurities accumulating in the bed-like structure
enough to prevent the exhaust gases from passing through the bed-like struc-
ture, and no risk exists that dropping the filler pieces into the bottom space of
the exhaust gas scrubber would result in the filler pieces being discharged
from the exhaust gas scrubber along with the effluent.

[0009] Preferred embodiments of the invention are disclosed in the
attached dependent claims.

[0010] A further object of the invention is to provide a novel ship
whose engine exhaust gases are cleaned by an exhaust gas scrubber with no
risk of filler pieces being transferred to the effluent being discharged from the
exhaust gas scrubber and to any optional further processing of the effluent.

[0011] A ship according to the invention is characterized in that a
bottom part of the exhaust gas scrubber is, beneath the bed-like structure, pro-
vided with a filter to prevent the filler material from dropping into a discharge
outlet located in the bottom part of the exhaust gas scrubber and provided for
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discharging the scrubbing water containing impurities originating from the ex-
haust gases, i.e. the effluent, from the exhaust gas scrubber.

[0012] Preferably, the ship comprises a cleaning unit for receiving
and cleaning the effluent supplied from a discharge pipe of the exhaust gas
scrubber and along a line, the line including a pump for transferring the effluent
from the bottom part of the exhaust gas scrubber to the cleaning unit arranged
in connection with the exhaust gas scrubber and comprising an effluent circuit
for circulating the effluent in the effluent circuit which includes at least one
membrane filter. Owing to the exhaust gas scrubber according to the invention,
the operation of the pump in the line is reliable such that no filler pieces origi-
nating from the exhaust gas scrubber may enter it.

[0013] Preferred embodiments of the ship according to the invention
are disclosed in the attached dependent claims.

[0014] An advantage of the exhaust gas scrubber and ship accord-
ing to the invention is that it in a simple manner enables and ensures the oper-
ation of the exhaust gas scrubber and the cleaning unit optionally arranged in
connection therewith with no need to employ a duplex filter in connection with
removal of the effluent from the exhaust gas scrubber. Thus, owing to the in-
vention, no complex duplex filter that is difficult to install and control is neces-
sary in the line downstream of the discharge outlet for the effluent of the ex-
haust gas scrubber. The filter provided in the exhaust gas scrubber does not,
in practice, increase the size of the exhaust gas scrubber, which makes the
exhaust gas scrubber easier to install in a ship. Nevertheless, it may be built to
have a surface area large enough not to be clogged even if a multitude of filler
pieces were to land thereon.

Brief description of the figures

[0015] The invention is now described in closer detail with reference
to the accompanying drawing, in which

Figure 1 is a schematic view of a ship according to the invention
which is provided with an exhaust gas scrubber according to the invention,

Figure 2 shows a first embodiment of the exhaust gas scrubber ac-
cording to the invention,

Figure 3 shows a view along section line lil — 11l of Figure 2,

Figure 4 shows a second embodiment of the exhaust gas scrubber
according to the invention, and

Figure 5 shows a view along section line V -V of Figure 4.
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Detailed description of the invention

[0016] Figure 1 shows a ship designated by reference number 100.
A combustion engine of the ship, which is typically a diesel engine, is desig-
nated by reference number 30. A catalyser connected to the combustion en-
gine 30 is designated by reference number 31, while reference number 32 des-
ignates an exhaust gas boiler. The catalyser 31 reduces nitrogen oxide emis-
sions. Advantageously, the catalyser 31 uses urea for reducing the nitrogen
oxide emissions. The structure or operation of the catalyser 31 are not de-
scribed in this connection since these are known to a person skilled in the art
and the invention is not specifically directed to a catalyser. Exhaust gases cool
down in the exhaust gas boiler 32. While the exhaust gas boiler 32 cools down
the exhaust gases, thermal energy is recovered from the exhaust gases for the
ship’s various heating needs. The operation of the exhaust gas boiler 32 is
known to a person skilled in the art, so the structure or operation of the ex-
haust gas boiler are not explained herein, either.

[0017] In the arrangement of Figure 1, the exhaust gases from the
combustion engine 30 of the ship 100 are at a feed point 34 led into an ex-
haust gas scrubber 1. The exhaust gas scrubber comprises a vessel 200 in
which the exhaust gases are scrubbed with water. A measuring device 35 may
be used for determining the carbon dioxide concentration (CO2 concentration)
in the exhaust gases in percent by volume prior to feeding the exhaust gases
into the exhaust gas scrubber 1. Owing to the exhaust gas boiler 32, the ex-
haust gases arrive at the exhaust gas scrubber 1 cooled down, whereby their
volume and flow rate are smaller than with no exhaust boiler 32, and a scrub-
bing water demand for cleaning the exhaust gases in the exhaust gas scrubber
decreases. Reference number 2 indicates a feed channel for feeding exhaust
gases containing impurities into the exhaust gas scrubber 1. The feed channel
2 is connected to the exhaust gas feed point 34. It can be stated that the feed
point 34 is also an exhaust gas reception point since it receives exhaust gases
from the feed channel 2. In the exhaust gas scrubber 1, scrubbing water is
sprayed on the exhaust gases, which is led inside the exhaust gas scrubber at
a point 38 and optionally also through a line 37 at a point 39. Advantageously,
the scrubbing water is basic, but neutral water or water with a pH value of less
than 7 may also be used. The scrubbing water can be made basic by mixing it
with NaOH, for example. The number and location of the scrubbing water feed
points 38, 39 may vary. (Figures 2 and 4 show not only the scrubbing water
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feed points 38, 39, 38', 39' but also scrubbing water feed devices 5, 5' con-
nected thereto inside the exhaust gas scrubber 1, 1'.) The cleaned exhaust
gases exit the exhaust gas scrubber 1 at a point 4. (In Figures 2 and 4, arrows
B and B', respectively, iliustrate the exit of the exhaust gases.) A measuring
device 36 is used for determining the sulphur dioxide concentration (SO, con-
centration) in the exhaust gases exiting the exhaust gas scrubber 1. When
scrubbing exhaust gases, a ratio of SO./CO; is measured, where SO; is the
sulphur dioxide concentration in percent by volume in flue gas after flue gas
cleaning and CO; is the carbon dioxide concentration in percent by volume
prior to flue gas cleaning. By adjusting the amount of water supplied to the ex-
haust gas scrubber, the operation of the exhaust gas scrubber 1 is adjusted
such that the ratio SO/CO; is below a given required value, less than 25 ppm
SO2/CO; % (viv) (that is, SO, (ppm)/CO2 (% v/v)), preferably less than 10 ppm
SO2/CO;z % (v/v), and most preferably less than 4.3 ppm SO2/CO2 % (v/v).
[0018] The exhaust gases are scrubbed in the exhaust gas scrub-
ber 1 by feeding the exhaust gases through a bed-like structure 3 containing a
- filler material, whereby the exhaust gases at the same time move from a space
8 below the bed-like structure to a space 9 above the bed-like structure. At the
same time, scrubbing water is fed inside the bed-like structure 3 from the
space 9 above the bed-like structure. Thus, a feed direction of the scrubbing
water is opposite to a flow direction of the exhaust gases. The feed direction of
the scrubbing water need not be opposite to the flow direction of the exhaust
gases, even though this is advantageous. The feed direction should, however,
differ from the flow direction of the exhaust gases so as to bring the exhaust
gases and the scrubbing water into a good and efficient contact with one an-
other. It is clear that the exhaust gases in the space 8 do not flow entirely per-
pendicularly upward at all points of the space (after all, the exhaust gases are
brought inside from the side of the exhaust gas scrubber, for instance). The
main flow direction is, however, from the bottom upwards (which is illustrated
by arrows A, A' in Figures 2 and 4). The scrubbing water may typically be
basic. The feed rate of scrubbing water into the exhaust gas scrubber is in the
order of 100 to 1000 m*h, mostly depending on the output of the ship engine.
The filler material of the bed-like structure 3 advantageously consists of metal
pieces or filler pieces of another loose material, whose surface area is large in
relation to their volume. Metallpieces (or other filler pieces) are for instance
small pipe lengths or small saddle-shaped parts obtained by breaking a pipe.
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The filler pieces may also be spiral pieces, for instance. When the filler pieces
are metal pieces, they are advantageously made of stainless steel or so-called
acid-proof steel. Different filler pieces are commercially generally available to
provide the bed-like structure. The filler pieces should be corrosion-proof.
When the exhaust gases meet the scrubbing water in the bed-like structure, a
multitude of the impurities in the exhaust gases attaches to the scrubbing wa-
ter and the exhaust gases, cleaned of impurities, are discharged from a top
part of the exhaust gas scrubber. Upon scrubbing, both solid impurities and
impurities dissolved in the scrubbing water accumulate in the scrubbing water.
Scrubbing water containing impurities, i.e. effluent, drops under gravity into the
bottom part of the exhaust gas scrubber 1, from which it is removed through a
discharge outlet 13a and a discharge pipe 13 as well as a line 40 to a cleaning
unit 101 so as to be cleaned. Since the scrubbing of exhaust gases in an ex-
haust gas scrubber is known, the procedure of carrying out the scrubbing is not
explained in more detail herein.

[0019] The effluent discharge pipe 13 leads to the line 40 provided
with a pump 41 for transferring effluent from the bottom part of the exhaust gas
scrubber through a heat exchanger 42 to the effluent cleaning unit 101. If nec-
essary, water is fed into the line 40. A point 43 indicates a water feed point.
The water may be fresh water, salt water, or water cleaned in the cleaning unit
101. Reference number 48 indicates a line for feeding water into the exhaust
gas scrubber 1. The water cleaned in the cleaning unit 101 is removed through
a line 46. The cleaned water may be Ied into a sea or back to the exhaust gas
scrubber 1 through a line 44. When necessary, a pump 45 is used for increas-
ing water pressure in the line 44. Reference number 47 indicates a point at
which a medium containing a multitude of impurities is removed. The medium
may be collected into an intermediate storage container (not shown).

[0020] The cleaning unit 101 advantageously comprises an effluent
circuit including at least one membrane filter. The effluent is circulated in the
effluent circuit such that the effluent is filtered through a semipermeable mem-
brane of the membrane filter to obtain, on one hand, a cleaned effluent and, on
the other hand, a residue containing impurities. The cleaned effluent exits the
membrane filter and circulation of the effluent circuit while the residue keeps
circulating and concentrating in the effluent circuit. It is arranged that the pH
value of the cleaned effluent exiting the cleaning unit is at least 6.5. The con-
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centrated effluent is typically removed at times from the cleaning unit 101
through the point 47.

[0021] In Figure 1, reference number 6 indicates a by-pass path ar-
ranged inside the exhaust gas scrubber 1 for exhaust gases. The by-pass path
6 is arranged inside the vessel 200 of the exhaust gas scrubber. Ordinarily, the
flow of uncleaned exhaust gases in the by-pass path has been or is prevented.
In certain exceptional cases, the by-pass path 6 is put to use for the flow of un-
cleaned exhaust gases. The purpose of the by-pass path 6 is to enable the
exhaust gases to move past the bed-like structure 3 when impurities have over
time accumulated in the bed-like structure enough to make the flow of exhaust
gases insufficient for the ship engine to operate in a desired manner. Even
though the exhaust gases, while moving through the by-pass path 6 past the
bed-like structure 3, may be slightly cleaned on account of scrubbing water be-
ing sprayed thereon, in practice, however, the exhaust gases move almost un-
cleaned through the by-pass path. Figures 2 to 4 show different embodiments
of the bed-like structure and the by-pass path.

[0022] Figure 2 shows an embodiment of the exhaust gas scrubber
1 of Figure 1 in closer detail. In the embodiment of Figure 2, scrubbing water is
fed on the bed-like structure 3 from a plurality of nozzles 49 included in the
scrubbing water feed devices 5. The number of nozzles 49 may vary. The flow
direction of exhaust gases in the exhaust gas scrubber 1 is from the bottom
upwards, from the space 8 to the space 9, which is illustrated by arrow A. Ar-
row C illustrates the feeding of uncleaned exhaust gases to the exhaust gas
scrubber 1. Figure 2 shows that the bed-like structure 3 is supported on a sup-
port grate 14 in the exhaust gas scrubber 1. The support grate 14, in turn, is
supported against a support 50 arranged on an inner circumference of the
vessel 200 of the exhaust gas scrubber 1. The support 50 is preferably formed
by an annular shoulder or a plurality of projections provided on an inner sur-
face of the vessel 200 of the exhaust gas scrubber. The bed-like structure 3 is
supported from below such that no filler material should be allowed to drop
through the support grate 14. The filler material comprises a multitude of filler
pieces 3a. In order for no filler pieces 3a being allowed to drop from the bed-
like structure 3 into the bottom part of the exhaust gas scrubber, the bed-like
structure 3 is supported from below by the support grate 14 and/or another
structure, in which case the grate and/or the other structure has to be perforat-
ed such that the size of apertures/openings is selected to be smalier than the
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size of the filler pieces 3a. The diameter of the apertures or openings is 2 to 20
mm, for example (or even 20 to 30 mm), in which case the size of the filler
pieces 3a is larger than this.

[0023] Inside the bed-like structure 3, a tubular by-pass path 6 is
provided to enable the flow of exhaust gases past the bed-like structure 3
when the exhaust gases are allowed to flow through the by-pass path 6. The
tubular by-pass path 6 is defined by a tubular structure 51 surrounded by the
bed-like structure 3. The bed-like structure 3 surrounds the tubular structure 51
annularly. An external diameter of the bed-like structure 3 generally ranges be-
tween 1500 and 40000 mm, in which case its height may typically be 1000 to
2500 mm. The size of the diameter of the by-pass path 6 highly depends on
the output of the ship engine. A typical diameter range is 500 to 1200 mm. The
by-pass path 6 is provided with blocking devices 10 including a blocking plate
10a, which in Figure 2 is shown in a blocking position, thus preventing exhaust
gases from flowing in the by-pass path 6. The blocking plate 10a is settable in
an open position, which in Figure 2 is shown in broken line. In order to move
the blocking plate 10a from the blocking position to the open position, and vice
versa, the blocking plate is hinged to the support grate 14. Hinging 10b is pro-
vided at a circumference of the tubular structure 51 such that a pivot axis set-
tles at the circumference of the blocking plate 10a, tangentially to the circum-
ference of the tubular structure. Alternatively, the blocking plate 10a may be
fastened to the tubular structure 51 rather than to the support grate 14. The
blocking devices 10 also include an opening mechanism including an actuator
10c (e.g. a puller) provided for instance with a manually operated elongated
member 10d, such as a chain, to enable locking 10e associated with the block-
ing plate 10a to be opened in order to open the blocking plate 10a. The imple-
mentation of the opening mechanism and the locking 10e is not described in
closer detail herein because they are easy to design by a person skilled in the
art. The locking 10e may be a spring-loaded latch (not shown), for instance,
which locks into a recess or against a shoulder (not shown).

[0024] Inside the exhaust gas scrubber 1, at its bottom end and be-
low the bed-like structure, is provided a filter 12 to prevent filler pieces (or an-
other filler material) possibly becoming detached from the bed-like structure 3
from entering the discharge outlet 13a leading to the discharge pipe 13 for re-
moving the effluent. The filter 12 is located below the support grate 14, at a
distance from the support grate. The distance may be for instance 500 to 1500
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mm below the support grate 14. Typically, the larger the vessel 200, the great-
er said distance. In Figure 3, which shows a section along line Il — Ill of Figure
2, the filter is shown from above. A diameter D1 of the filter 12 corresponds to
a diameter D2 of the exhaust gas scrubber 1. Owing to the filter 12, no filler
pieces 3a (or another filler material) that could easily damage the pump 41 are
allowed to enter the discharge pipe 13 or consequently the pump 41, either (cf.
Figure 1). Owing to the filter 12, no need exists to install a duplex filter or an-
other filter in the line 40 before the pump 41, cf. the filter 49 drawn in broken
line in Figure 1. This is an important point and also a great advantage of the
invention.

[0025] The filter 12 is advantageously plate-like, comprising a plu-
rality of through-holes 60 whose diameter is 2 to 20 mm, for example. The filter
12 is preferably horizontal. The filter 12 in the form of a plate may also be re-
ferred to as an aperture plate. The diameter of the apertures 60 may be larger
than what is stated above, for example 30 mm, or even 50 mm, in which case
a diameter range of 20 to 50 mm is thus also possible. The diameter of the ap-
ertures 60 depends on the size of the filler pieces 3a in the bed-like structure 3.
By general definition, the diameter of the apertures 60 should be smaller than
the smallest diameter of the filler pieces so as to prevent the filler pieces from
passing through the filter 12. In the grate 14 or in another structure supporting
the bed-like structure from below, the size (diameter) of the apertures is typi-
cally larger than the size (diameter) of the apertures 60 of the filter 12. The to-
tal surface area of the apertures 60 is advantageously at least 1.3 x, and more
advantageously at least 1.5 x, the cross-sectional area of the discharge pipe
13 and the discharge outlet 13a. Thus, if the diameter of the discharge pipe 13
is for instance 150 mm and the surface area is 35300 mm?, the total surface
area of the apertures 60 is advantageously at least 46000 mm?, and more ad-
vantageously at least 53000 mm?2.

[0026] The filter 12 is mounted in the exhaust gas scrubber 1 at a
height H1 from the bottom of the exhaust gas scrubber 1. The filter 12 may be
supported from below by a shoulder (not shown), or it may be supported in an-
other manner readily occurring to a person skilled in the art. The height H1 is
above a height H2 of a surface 52 of the effluent 53 accumulating in the bot-
tom space of the exhaust gas scrubber 1 and below the exhaust gas feed point
34. Owing to the height position of the filter 12, the filter 12 prevents in practice
the effluent from entering the exhaust gas feed channel 2 when the ship rolls
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and tilts in a storm. As the ship rolls, the effluent below the filter 12 hits an un-
derside surface of the filter and water is through the apertures 60 in the fiiter
carried above the filter 12 in the form of sprays and/or droplets only. In prac-
tice, no such minor water spray above the filter 12 is harmful and no danger
exists that it would disturb the operation of the ship engine. It is understood
from the above that it is advantageous that the diameter of the apertures 60 is
small enough for the filter 12 to efficiently prevent water from entering the ship
engine. When the diameter D2 of the exhaust gas scrubber 1 and the diameter
D1 of the filter 12 is approximately 1500 to 4000 mm, the number of apertures
60 in the filter is several hundreds, even thousands. The shape of the aper-
tures 60 may vary; rather than round ones, the apertures may be in the form of
long slots, in which case their number may be relatively small.

[0027] When necessary, the filter 12 is easy to clean. The cleaning
is carried out via a service door 7 arranged above the filter 12 in the exhaust
gas scrubber 1. The service door 7 is preferably mounted in a wall of the ex-
haust gas scrubber, at approximately 0.1 to 1 m above the filter 12.

[0028] In ordinary use, the exhaust gas scrubber 1 of Figure 2
serves as an exhaust gas scrubber wherein exhaust gases are cleaned while
passing through the bed-like structure 3. The blocking device 10 and blocking
plate 10a are then closed, as shown in Figure 2, in which case no exhaust
gases are allowed to flow in the by-pass path 6. The blocking plate 10a is solid
in order to prevent exhaust gases from flowing therethrough, at least in any
significant amount. If the bed-like structure 3 becomes clogged enough to dis-
turb the operation of the ship engine, the elongated member 10d (e.g. a chain)
is pulled by the actuator 10c to open the locking 10e, the blocking plate 10a
being brought into the open position illustrated in broken line. When the block-
ing plate 10a is in the open position, the blocking device 10 is in the open posi-
tion, in which case exhaust gases containing impurities are allowed to flow
from the first space 8 of the exhaust gas scrubber 1 through the by-pass path
6 to the second space 9 of the exhaust gas scrubber, the exhaust gases mov-
ing past the bed-like structure 3. Arrow A illustrates in general the flow of ex-
haust gases into the exhaust gas scrubber 1. Even though arrow A points to
the by-pass path 6, no exhaust gases flow in the by-pass path when the block-
ing plate 10a is closed, i.e. in the position according to Figure 2. When the
blocking plate 10a is opened, exhaust gases are allowed to flow in the by-pass
path 6 in the direction of arrow A. Even if scrubbing water were sprayed onto
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the exhaust gases, they do not become much cleaner in the by-pass path 6
while flowing in the by-pass path 6. Owing to the by-pass path 6, the operation
of the ship engine is not disturbed, which is the essential purpose of the by-
pass path. The by-pass path 6 is kept open until the bed-like structure 3 has
been cleaned or replaced by one allowing sufficiently good permeation of ex-
haust gases in terms of impeccable operation of the engine. As the bed-like
structure 3 is made exhaust-gas-permeable in the desired manner by servicing
or replacing the bed-like structure (for instance while the ship is in harbour), it
is arranged that the blocking plate 10a is set in the blocking position shown in
Figure 2, after which the exhaust gas scrubber may again work in the desired
manner for cleaning exhaust gases.

[0029] Figure 4 shows an implementation of an exhaust gas scrub-
ber alternative to that shown in Figure 2. In Figures 2 and 4, like reference
numbers identify like structures and parts. The embodiment of Figure 4 differs
from the embodiment of Figure 2 in that it comprises a blocking device 10’
comprising a blocking plate 10a’ provided with through-holes 31’, and a tubular
structure 51’ above the blocking plate is loaded with filler pieces 30a’. The tub-
ular structure 51’ defines a tubular cleaning space 30’ for cleaning exhaust
gases while they pass from the first space 8 of the exhaust gas scrubber 1,
which is located upstream of the bed-like structure 3' when viewed in the flow
direction of exhaust gases, to the second space 9 of the exhaust gas scrub-
ber, which is located downstream of the bed-like structure when viewed in the
flow direction of exhaust gases. The holes 31’ of the blocking plate 10a’ are
dimensioned so as to prevent the filler material (filler pieces 30a’) inside the
tubular structure 51’ from passing through the holes. The holes are for instance
openings with a diameter of preferably the same or in the same size range as
the diameter of the apertures in the structure (the support grate 14’ or another
structure) supporting the bed-like structure 3’ from below. In the embodiment of
Figure 4, the blocking device 10’ allows exhaust gases to flow through the by-
pass path 6’ even when the blocking device 10’ is in the blocking position. If
impurities accumulate both in the bed-like structure 3’ and in the cleaning
space 30’ enough for the desired operation of the engine to be prevented, the
blocking plate 10a’ is opened, in which case the filler pieces 30a’ in the clean-
ing space 30 are allowed to drop onto the filter 12’ located below, the filler
pieces accumulating on the top surface of the filter. In such a case, the ex-
haust gases are allowed to flow practically unobstructedly in the by-pass path
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6’ defined by the tubular structure 51', past the (clogged) bed-like structure 3',
thus enabling the ship engine to operate unobstructedly. The filter 12’ arranged
in the bottom part of the exhaust gas scrubber 1’ is particularly important in the
embodiment of Figure 4 of the exhaust gas scrubber, where some filler materi-
al is bound to end up in the bottom part of the exhaust gas scrubber upon the
blocking plate 10a being opened.

[0030] Figure 5 shows a section along line V -V of Figure 4.

[0031] An advantage of the embodiment of Figure 4 over the em-
bodiment of Figure 2 is that it is possible to improve the scrubbing capacity of
the exhaust gas scrubber with respect to its outer dimensions as both the bed-
like structure 3’ and the cleaning space 30" serve as exhaust-gas-cleaning
structures. In the embodiment of Figure 4, the blocking device might alterna-
tively comprise a blocking plate provided with holes and hinged as shown in
Figure 2, for example. The embodiment of Figure 4 is particularly advanta-
geous when only little space is provided on the ship for the exhaust gas scrub-
ber.

[0032] In the above, the invention is described by means of exam-
ples, wherefore it is noted that the invention may be implemented in many
ways within the scope of the attached claims. Consequently, the filter (12, 12)
may operate in a desired manner even if its detailed structure and the shaping
and dimensioning of the apertures provided therein vary.
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Claims

1. An exhaust gas scrubber (1, 1’) for cleaning exhaust gases from
combustion engines, particularly ship engines, of impurities, the exhaust gas
scrubber comprising an exhaust gas feed point (34, 34’) to be connected to a
feed channel (2, 2’) for feeding exhaust gases containing impurities into and
through a bed-like structure (3, 3’) containing a filler material and arranged in-
side the exhaust gas scrubber and being from below supported by a support
grate (14, 14’), and the exhaust gas scrubber comprising feed devices (5, 5’)
for feeding scrubbing water into the bed-like structure in a direction different
from a flow direction (A, A’) of exhaust gases in the bed-like structure in order
to reduce impurities in the exhaust gases such that the exhaust gases exit,
cleaned, the bed-like structure and a discharge channel (4, 4') of the exhaust
gas scrubber, characterized in that a bottom part of the exhaust gas
scrubber (1, 1') is, beneath the support grate (14, 14'), at a distance from the
support grate (14, 14’), provided with a filter (12, 12’) to prevent the filler mate-
rial from entering a discharge outlet (13a, 13a’) located in the bottom part of
the exhaust gas scrubber and provided for discharging the scrubbing water
containing impurities of the exhaust gases, i.e. effluent, from the exhaust gas
scrubber.

2. An exhaust gas scrubber as claimed in claim 1, character-
ized in that the filler material comprises filler pieces (3a, 3a’) and that the di-
ameter of apertures (60, 60) in the filter (12, 12') is smaller than the smallest
diameter of filler pieces in the bed-like structure (3, 3').

3. An exhaust gas scrubber as claimed in claim 1, character-
ized in that the size of the apertures (60, 60’) in the filter (12, 12’} is typically
smaller than the size of apertures in the grate (14, 14’).

4. An exhaust gas scrubber as claimed in claim 2, character-
ized in that the diameter of the apertures (60, 60’) in the filter (12, 12’)is 2 to
50 mm.

5. An exhaust gas scrubber as claimed in any one of the preceding
claims,characterized inthat the number of apertures (60, 60’) in the fil-
ter (12, 12’) is more than a hundred.

6. An exhaust gas scrubber as claimed in any one of the preceding
claims,characterized inthatthe filter (12, 12’) is arranged below an in-
let of the exhaust gas feed channel (2, 2°).
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7. An exhaust gas scrubber as claimed in claim 6, character-
ized in that the filter (12, 12’) is arranged at a distance (H1) from a bottom of
the exhaust gas scrubber (1, 1°), the distance being greater than a distance
(H2) of a surface (52, 52’) of scrubbing water (53, 53’) containing impurities
and accumulating in the bottom part of the exhaust gas scrubber, i.e. the efflu-
ent, from the bottom of the exhaust gas scrubber.

8. An exhaust gas scrubber as claimed inclaim 6 or 7, charac-
terized in that the filter (12, 12") is a filter plate whose diameter (D1, D1')
corresponds to the diameter (D2, D2') of the exhaust gas scrubber.

9. An exhaust gas scrubber as claimed in any one of the preceding
claims,characterized in

that the exhaust gas scrubber (1°) is provided with at least one by-
pass path (6') for flow of exhaust gases, the by-pass path being arranged in-
side a vessel (200') of the exhaust gas scrubber for conveying exhaust gases
containing impurities past the bed-like structure (3') and further out of the ex-
haust gas scrubber, the at least one by-pass path having blocking devices
(10’) for setting the by-pass path from an open position to a blocking position in
order to prevent impurities-containing exhaust gases from flowing through the
by-pass path and, vice versa, from the blocking position to the open position in
order to allow impurities-containing exhaust gases to flow through the by-pass
path, and

that the blocking devices (10’) comprise a perforated (31’) blocking
plate (10a’), and when viewed downstream thereof, in the direction of flow (A’)
of the exhaust gases, the by-pass path (6’) is provided with filler pieces (30a’)
for forming a cleaning space (30’) for cleaning exhaust gases, the cleaning
space being arranged to be emptied of the filler pieces such that the filler piec-
es drop onto the filter (12’) when the blocking plate (10a’) moves from the
blocking position to the open position.

10. An exhaust gas scrubber as claimed in claim 9, character-
ized in that the blocking plate (10a’) is arranged to support the filler pieces
(30a’) in the cleaning space (30’) from below when the blocking plate is in the
blocking position.

11. A ship (100) comprising an exhaust gas scrubber for cleaning
exhaust gases from a ship engine of impurities, the exhaust gas scrubber
comprising an exhaust gas feed point (34, 34’) in association with a feed chan-
nel (2, 2') connected thereto for feeding exhaust gases containing impurities
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into and through a bed-like structure (3, 3') containing a filler material and ar-
ranged inside the exhaust gas scrubber and being from below supported by a
support grate (14, 14’), and the exhaust gas scrubber comprising feed devices
(5, &') for feeding scrubbing water into the bed-like structure in a direction dif-
ferent from a flow direction (A, A’) of exhaust gases in the bed-like structure in
order to reduce impurities in the exhaust gases such that the exhaust gases
exit, cleaned, the bed-like structure and a discharge channel (4, 4’) of the ex-
haust gas scrubber, characterized in that a bottom part of the exhaust
gas scrubber (1, 1') is, beneath the support grate (14, 14’), at a distance from
the support grate (14, 14'), provided with a filter (12, 12’) to prevent the filler
material from dropping into a discharge outlet (13a, 13a’) located in the bottom
part of the exhaust gas scrubber and provided for discharging the scrubbing
water containing impurities of the exhaust gases, i.e. effluent, from the exhaust
gas scrubber.

12. A ship as claimed in claim 11, characterized in that the
diameter of apertures (60, 60’) in the filter (12, 12’) is smaller than the smallest
diameter of filler pieces (3a, 3a’) in the bed-like structure (3, 3') .

13. An exhaust gas scrubber as claimed in claim 11 or 12, char-
acterized in that the size of the apertures (60, 60') in the filter (12, 12') is
typically smaller than the size of apertures in the grate (14, 14’).

14. A ship as claimed in claim 12, characterized in that the
diameter of the apertures (60, 60) in the filter (12, 12) is 2 to 50 mm.

15. A ship as claimed in any one of the preceding claims 11 to 14,
characterized in that the filter (12, 12') is arranged below the exhaust
gas feed point (34, 34').

16. A ship as claimed in claim 15, characterized in that the
filter (12, 12’) is arranged at a distance (H1, H1’) from a bottom of the exhaust
gas scrubber (1, 1’), the distance being greater than a distance (H2, H2') of a
surface of scrubbing water containing impurities and accumulating in the bot-
tom part of the exhaust gas scrubber, i.e. the effluent, from the bottom of the
exhaust gas scrubber.

17. A ship as claimed in any one of the preceding claims 12 to 16,
characterized inthat

the exhaust gas scrubber (1') is for flow of exhaust gases provided
with at least one by-pass path (6’) for conveying exhaust gases containing im-
purities past the bed-like structure (3') and further out of the exhaust gas
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scrubber, the at least one by-pass path having blocking devices (10’) for set-
ting the by-pass path from an open position to a blocking position in order to
prevent impurities-containing exhaust gases from flowing through the by-pass
path and, vice versa, from the blocking position to the open position in order to
allow impurities-containing exhaust gases to flow through the by-pass path,
and

that the blocking devices (10°) comprise a perforated (31’) blocking
plate (10a’), and when viewed downstream thereof, in the direction of flow (A")
of the exhaust gases, the by-pass path (6’) is provided with filler pieces (30a’)
for forming a cleaning space (30') for cleaning exhaust gases, the cleaning
space being arranged to be emptied of the filler pieces such that the filler piec-
es drop onto the filter (12’) when the blocking plate (10a’) moves from the
blocking position to the open position.

18. A ship as claimed in any one of the preceding claims 12 to 17,
characterized in that it comprises a cleaning unit (101) arranged in
connection with the exhaust gas scrubber (1, 1') for receiving and cleaning the
effluent supplied from a discharge pipe (13, 13') of the exhaust gas scrubber
(1, 1) and along a line (40), the line (40) including a pump (41) for transferring
the effluent from the bottom part of the exhaust gas scrubber to the cleaning
unit (101) comprising an effluent circuit for circulating the effluent in the effluent
circuit which includes at least one membrane filter.
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