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Keksinto koskee pesuria (100) polttomoottorin (510) pakokaasun pesemiseksi.
Pesuri (100) kasittaa: kuoren (110), joka rajaa pesurin (100) sisatilan (102) ja joka
kuori (100) ulottuu pituussuunnassa (Sz); tuloaukon (112) pakokaasun
paastamiseksi sisaan; ja ensimmaisen poistoaukon (114) pestyn pakokaasun
paastamiseksi ulos. Pesuri kasittaa sisatilassa (102) olevan ensimmaisen
ruiskutusputkiston (210), joka on jarjestetty ruiskuttamaan pesunestetta, ja
tuloaukon (112) ja ensimmaisen ruiskutusputkiston (210) valissa olevan
reikalevyn (300), joka soveltuu kaytettavaksi alustana ainakin ensimmaisen

1 Scrubbed exhaust gas
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ruiskutusputkiston (210) huoltoa varten, jolloin reikalevyn (300) ja ensimmaisen v 212015
ruiskutusputkiston (210) valinen etaisyys (d1) on enintaan kaksi metria 120 W /
ensimmaisen ruiskutusputkiston (210) huollon mahdollistamiseksi. Jarjestely NT /| 300
(500, 505), kuten laiva (505), joka kasittaa pesurin (100) ja polttomoottorin (510). d,
Menetelma vanhan pesurin muuntamiseksi edelld esitetyn pesurin > 112 \\\200
muodostamiseksi. Menetelma edella esitetyn pesurin (100) huoltamiseksi. Exhaust _ §\205
gas P 130
The Invention relates to a scrubber (100) for scrubbing exhaust gas of a 140 lLiquid out

combustion engine (510). The scrubber (100) comprises: a shell (110) limiting an
Interior (102) of the scrubber (100), the shell {110) extending in a longitudinal
direction (Sz); an inlet (112) for letting in the exhaust gas; and a first outlet (114)
for letting out scrubbed exhaust gas. The scrubber comprises, in the interior
(102), a first spray piping (210) configured to spray scrubbing liguid, and in
between the Inlet (112) and the first spray piping (210), a perforated plate (300)
suitable for use as a platform for maintaining at least the first spray piping (210),
wherein a distance (d1) between the perforated plate (300) and the first spray
piping (210) Is at most two metres to enable maintenance of the first spray piping
(210). An arrangement (500, 505), such as a ship (505), comprising the scrubber
(100) and a combustion engine (510). A method for adapting an old scrubber to
form a scrubber as disclosed above. A method for maintaining a scrubber (100)
as disclosed above.
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A scrubber for scrubbing exhaust gas of a combustion engine of a ship, a
method for adapting an old scrubber, and a method for maintaining a
scrubber

The invention relates to a wet scrubber for scrubbing exhaust gas, 1e. flue
gas, of a combustion engine, In particular a combustion engine of a ship. The
invention relates to maintenance of a wet scrubber. The invention relates to
desulphurization of exhaust gases, 1.e. flue gases. The invention relates to
ships with reduced suplhur oxide emissions.

Fossil fuel combustion 1s used in Industrial processes for many different
purposes, Including combustion engines. Depending on the quality of the
fuel, the flue gases (i.e. exhaust gases) may contain various amounts of
pollutants, including sulphur oxides (SOx). Marine vessels, 1.e. ships,
typically include combustion engines and use low grade fuels that both result
in high levels of SOx and particles present in the exhaust gas (i.e. flue gas).
One possibility to reduce the content of SOx in the exhaust gas of marine
vessels Is by using low sulphur content fuels. Low sulphur content fuels are,
however, far more expensive than normal low grade fuels. Because of the
high costs of the low sulphur content fuels, other solutions to reduce the SOX
content in the exhaust gas have been developed. Most of the flue gas
desulphurization or exhaust gas desulphurization technologies use wet
scrubbing processes in which the emitted exhaust/flue gases are brought into
intimate contact with an aqueous scrubbing solution. The aim of these
processes is to provide high absorption efficiencies and to remove, or
substantially reduce, the concentration of particles, droplets or substances in
the exhaust/flue gas that are scrubbed. The scrubbing solution may be water,
seawater or any other aqueous solution of one or more compounds known to
bind, or absorb, one or more of the constituencies of the exhaust/flue gas to
be scrubbed. Acidic gases as such as SOx are normally removed from a
solution by scrubbing with an alkaline solution, such as an agueous solution
of an alkaline compound, such as caustic soda or other alkaline
substances. A scrubber Includes nozzles for spraying scrubbing liguid onto
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exhaust/flue gas. The nozzles are connected to spray piping for conveying
the scrubbing liguid to the nozzles. Marine scrubbers for scrubbing exhaust
gases exhausted from a marine engine are known from the publications EP
1857 169, US 3 781 407, and W0S9/44722. The scrubbers disclosed therein
operate In a closed-loop mode, a semi closed-loop mode, and In an open-

loop mode, respectively. Another scrubber, equipped with baffles, is known
from US 2012/0097031.

In use, the nozzles and/or the spray piping may corrode. Moreover, it has
peen found that In scrubbers for combustion engines, In particular
combustions engines of ships, where the scrubber needs to be sufficiently
small and lightweight, the nozzles corrode locally, 1.e. more rapidly at some
places than other places. The corrosion seems to result at least partly from
the scrubbing solution forming with the sulphur oxide an acidic agueous
solution, which corrodes the piping and/or nozzles. Therefore, a scrubber
needs to maintained from time to time. Depending on the location of the
nozzles and/or spray piping, the maintenance may be hard.

It has been noticed that when the flow of the exhaust gas inside the scrubber
IS more even, the corrosion problems are less localized. As a result, the
scrubber needs maintenance less frequently. The flow of the exhaust gas
can be made more even by applying a perforated plate into the scrubber.
Moreover, It has been noticed that the perforated plate can be used as a
platform for maintaining the spray piping. In this way, maintenance i1s easier,
since supports, such as ladders, need not be provided into the scrubber for
maintenance, because the perforated plate can be used for the purpose. The
invention is disclosed in more specific terms in claim 1. Still further, the
scrubber can be maintained by using the perforated plate as a support, as
indicated in claim 15.

An existing scrubber, 1.e. old scrubber, can be adapted to form a scrubber
according to the invention. Therefore, the invention concerns also a method
for adapting an old scrubber to form a scrubber according to the invention.
This has been disclosed in more specific terms In claim 13.
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In an embodiment, a supportive spray piping Is configured to support the
perforated plate.

The drawings illustrate the invention. In the drawings, the direction Sz depicts
a longitudinal direction of the scrubber, which, in a typical use, is vertical. The
other directions Sx and Sy are perpendicular to Sz and to each other.

Fig. 1a  shows a ship equipped with a combustion engine and a scrubber,

Fig. 1b  shows an arrangement of a combustion engine and a scrubber,

Fig. 2a  shows, In a side view, an embodiment of a scrubber,

Fig. 2b  shows an embodiment of a scrubber,

Fig. 2¢ shows an embodiment of a scrubber used with an open loop
circulation of scrubbing liquid,

Fig. 2d  shows an embodiment of a scrubber used with a closed loop or
semi closed loop circulation of scrubbing liquid,

Figs. 3a to 3¢ show, In a top view, perforated plates,

Figs. 4a shows, In a top view, fixing a perforated plate to scrubber,

Figs. 4b  shows, In a side view, fixing a perforated plate to scrubber,

Figs. 4¢ and 4d show, In a top view, fixing a perforated plate to scrubber,

Figs. 5a to 5d show, In a top view, embodiments of spray pipings, and mutual
relations of different spray pipings,

Figs. 5e and 5f show, fixing members for fixing spray piping to a shell of a
scrubber

Figs. 6a and 6b show embodiments of a scrubber,

Figs. 7/a to 7c show In a top view, embodiments of spray pipings, and mutual
relations of different spray pipings,

Fig. 8 shows a reinforced perforated plate, and

Fig. 9 shows a perforated plate constituted from parts.

Fig. 1a shows a ship 505 comprising a combustion engine 510 and a
scrubber 100. A ship 505 may comprise a diesel engine as the combustion
engine 510. As indicated in Fig. 1b, a scrubber 100 may be used In an
arrangement 500 that comprises a combustion engine 510, e.g. a diesel
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engine, and a scrubber 100, even If the arrangement 500 i1s not a ship 505 or
a part thereof. The arrangement 500, as well as a ship 505, comprises an
exhaust gas channel 515 configured to convey exhaust gas from the
combustion engine 510 to the scrubber 100. The direction Sz indicates a
longitudinal direction of the scrubber 100. The longitudinal direction Sz is, In
typical use, vertical and reverse to gravity. Preferably, the scrubber 100 is
configured to recelve unprocessed exhaust gas from the combustion engine
510. For example, an embodiment of an arrangement, such as a ship, Is
configured not to spray liquid onto the exhaust gases before the inlet 112 of
the scrubber 100. As another example, an embodiment of an arrangement,
such as a ship, does not comprise an electrostatic precipitator in between the
combustion engine and the inlet 112 of the scrubber 100. As another
example, an embodiment of an arrangement, such as a ship, does not
comprise a filter in between the combustion engine and the inlet 112 of the
scrubber 100. An electrostatic precipitator and/or a filter could be used for
removing particles from the exhaust gas. However, particularly on a ship,
there seldom is sufficient space for such cleaning equipment.

As for the terms "exhaust gas” and “flue gas’, the former i1s commonly used In
the context of combustion engines of ships, while the latter Is commonly used
N the context of incinerators; both terms describing the gas resulting from
combustion. In this description, the term “exhaust gas” Is used for the gas
resulting from combustion, in particular from combustion in a combustion
engine. The term “flue gas” is used, e.g. above, interchangeably with the
term "exhaust gas’.

An embodiment of a scrubber 100 for scrubbing exhaust gas of a combustion
engine 510 i1s shown In Fig. 2a. The scrubber 100 comprises a shell 110
imiting an interior 102 of the scrubber 100. The shell 110 extends In the
longitudinal direction Sz of the scrubber 100. The shell 110 may be made of
material suitably heat and corrosion resistant material. When the scrubber
100 i1s used, the scrubbing liguid circulating therein maintains the
temperature reasonably low. However, particularly a ship 505 may be
operated In such a way that the exhaust gas is not always scrubbed, but only
released through the scrubber 100 without using any scrubbing liquid. Thus,
the temperature in the interior 102 of the scrubber 100 may rise to
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approximately 200 °C - 390 °C. Therefore, the shell 110 preferably
comprises at least one of aluminium, stainless steel, and titanium.

The scrubber 100 comprises an inlet 112 for letting in the exhaust gas to the
Interior 102. The scrubber comprises a first outlet 114 for letting out scrubbed
exhaust gas from the interior 102. In the interior 102 In between the inlet 112
and the first outlet 114, the scrubber 100 comprises a first spray piping 210
configured to spray scrubbing liguid Into the interior 102. The first spray
piping 210 comprises first nozzles 215 for spraying the scrubbing liquid. The
scrubbing liguid Is sprayed as droplets so as to have a large contact area
between the scrubbing liquid and the exhaust gas scrubbed.

In order to make the exhaust gas flow even (1.e. uniform) within the interior
102, the scrubber 100 comprises, downstream from the inlet 112 anag
upstream from the first spray piping 210 (1.e. in between the Inlet 112 and the
first spray piping 210), a perforated plate 300. Herein the terms upstream and
downstream refer to the direction of flow of the exhaust gas, even if droplets
of the scrubbing hquid may propagate in a reverse direction. The material
and the shape of the perforated plate 300 are selected such that perforated
plate 300 is suitable for use as a platform for maintaining at least the first
spray piping 210. The perforated plate 300 Is suitable for use as a platform
for maintaining at least the first spray piping 210 when its side facing towards
the first outlet 114 (i.e. a first side) is substantially even. For example, the first
side of the perforated plate 300 may be free from such elements that are
fixed to the perforated plate 300 and protrude from the perforated plate at
least 5 cm. For example, the first side of the perforated plate 300 may be free
from protrusions. Moreover, the sizes and locations of the apertures 310 of
the perforated plate 300 are selected such that the perforated plate 300
spreads the exhaust gas flow to the Interior 102. As an example, the
apertures 310 may be evenly distributed as indicated in Fig. 3¢.

Referring still to Fig. 2a, the perforated plate 300 i1s arranged in such a
position, that the perforated plate 300 has a normal N, of which direction Is
parallel to (e.g. unidirectional with) the longitudinal direction Sz. Moreover, to
enable a person to maintain the first spray piping 210 while being on the
perforated plate 300, a distance d1 between the perforated plate 300 and the
first spray piping 210 1s at most two metres. This ensures that a normal
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person standing on the perforated plate 300 without auxiliary supports can
maintain the first spray piping 210. For this reason, preferably, the distance
d1 between the perforated plate 300 and the first spray piping 210 is at most
1.5 metres or at most 1 metre. The distance d1 refers to a distance In the
longitudinal direction Sz. Still further, to enable a person to enter the interior
102 of the scrubber 100, the shell 110 comprises a hatch 120 suitable for a
person to enter the interior 102. Commonly the hatch 120 is also referred to
as a manway. As Is evident, the hatch 120 can be used to open and close an
aperture of the shell 110, the aperture being sufficiently large for a person to
enter the interior 102.

As Indicated In Fig. 2a, the first spray piping 210 Is arranged on a first side of
the perforated plate 300. The perforated plate 300 may comprise a second
hatch so that the operator can move from a second side of the perforated
plate 300 to the first side thereof. However, preferably, at least a part of the
hatch 120 Is arranged, in the longitudinal direction Sz, in between the
perforated plate 300 and the first outlet 114. Thus, when an operator enters
the interior through the hatch 120, the operator is on the first side of the
perforated plate 300 (or the operator is at least able to enter the first side),
where also the first spray piping 210 to be maintained is arranged. Moreover,
preferably at least a part of the hatch 120 1s arranged at most two metres
from the perforated plate 300. Thus, the operator does not need ladders or
stairs to go to the perforated plate 300 from the hatch 120. More preferably,
at least a part of the hatch 120 1s arranged at most 1.5 metres, at most 1.0
metre, or at most 0.5 metres from the perforated plate 300. A small distance
IS preferable from the point of view of safety, when ladders or similar are not
used.

Preferably, at least a part of the hatch 120 1s arranged in the longitudinal
direction Sz, in between the perforated plate 300 and the first spray piping
210. This also makes it more easy to enter a proper location for maintaining
the first spray piping.

The perforated plate 300 1s preferably reasonably thin in order for it to be
lightweight. In a preferable embodiment, a thickness of the perforated plate
300 i1s at most 20 mm, preferably at most 10 mm, such as from 2 mm to
10 mm. This thickness does not include reinforcing elements 330, which may
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be fixed to the perforated plate 300 if needed. Thus, In an embodiment, the
perforated plate 300 1s made from a plate having a thickness of at most
20 mm, preferably at most 10 mm. If the perforated plate 300 is made of very
thin matenal, depending on how the plate 300 is supported, reinforcing
elements 330 may be applied as detalled below and in Fig. 8.

The perforated plate 300 may be made of suitable heat and corrosion
resistant material, such as a metal or a plastic. Given that if exhaust gases
are occasionally only conveyed through the scrubber without scrubbing them,
the interior 102 may become hot as indicated above. Thus, the perforated
plate 300 may comprise metal or metals, of which melting temperature 1s/are
at least 500 °C. Preferably, the perforated plate 300 consists of a metal or
metals, of which melting temperature is/are at least 500 °C. Examples
include stainless steel, aluminium, and titanium.

As Indicated In the Figures, and as clear from the discussion above, the
scrubber 100 is free from such a structure that prevents maintenance of the
first spray piping 210 from the perforated plate 300. For example, the
scrubber 100 i1s free from such a plate that 1s arranged In between the
perforated plate 300 and the first spray piping 210, has a normal to the
longitudinal direction Sz, and has a cross sectional are of at least 20 % of the
cross sectional area of the interior 102 at that location. Alternatively or In
addition, the scrubber 100 may be free from a packed bed that is arranged In
between the perforated plate 300 and the first spray piping 210 and has a
cross sectional are of at least 20 % of the cross sectional area of the interior
102 at that location. Alternatively or in addition, the scrubber 100 may be free
from a packed bed that is arranged in between the perforated plate 300 and
the first spray piping 210.

The perforated plate 300 may be supported by a beam or similar from a
second side of the perforated plate 300, the second side being opposite to
the first side of the perforated plate 300. The support beam may be fixed to
the shell 110. However, having support beams within the scrubber 100
Increases the weight and size thereof. Particularly in a ship 505, the scrubber
100 should be small and lightweight. Typically, the scrubber 100 is arranged
on a deck of the ship 505, whereby increasing the mass of the scrubber
makes the ship 505 less stable.
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Typically, a scrubber 100 comprises multiple spray pipings In order to
distribute the scrubbing liquid evenly into the scrubber. It has been found that
one of the spray pipings may be used to support the perforated plate 300.
This makes the scrubber 100 more compact and lightweight compared to a
solution, wherein a special support would be used for the purpose. Thus, In a
preferable embodiment, the scrubber 100 comprises, in the interior 102
downstream from the inlet 112 and upstream from the perforated plate 300
(1.e. In between the inlet 112 and the perforated plate 300), a supportive
spray piping 200 configured to spray scrubbing liguid into the interior 102,
The supportive spray piping 200 is configured to mechanically support the
perforated plate 300 from a second side of the perforated plate 300, the
second side being opposite to the first side of the perforated plate 300. In an
embodiment, the supportive spray piping 200 i1s in contact with the perforated
plate 300 at least when maintaining the first spray piping 210. For example,
even If a gap was left in between the perforated plate 300 and the supportive
spray piping 200, when an operator i1s on the perforated plate 300, the
perforated plate 300 may bend in such a way that it contacts the supportive
spray piping 200. The supportive spray piping 200 may be in contact with the
perforated plate 300 also when not used for maintenance. kEven it the
scrubber comprises a supportive spray piping 200, the scrubber 100 may
comprise reinforcing elements 330 that are fixed to the perforated plate 300
on the second side of the perforated plate 300, as indicated in Fig. 8. The
supportive spray piping 200 may be maintained e.g. from a bottom of the
scrubber. The scrubber may comprise a further hatch (not shown) suitable for
a person to enter the interior 102 to a location in between the inlet 112 and
the supportive spray piping 200. At least a part of the further hatch may be
arranged, in the longitudinal direction Sz, in between the inlet 112 and the
supportive spray piping 200. Thus, the operator may enter the interior 102
through the further hatch such that he/she may maintain also the supportive
spray piping 200 without passing through the perforated plate (e.g. through a
second hatch, which could be arranged in to perforated plate 300 itself).

In an embodiment, the perforated plate 300 is at least laterally movable with
respect to the supportive spray piping 200. For example, in an embodiment,
the perforated plate 300 Is not fixed to the supportive spray piping 200 by
welding or with a screw or a bolt. In an embodiment, the perforated plate 300
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IS not fixed to the supportive spray piping 200. When the perforated plate 300
IS movable with respect {o the to the supportive spray piping 200, the
perforated plate 300 and the supportive spray piping 200 may thermally
expand Irrespective of each other. If the supportive spray piping 200
comprises a supportive main pipe 202, the perforated plate 300 may be
movable with respect to the to the supportive main pipe 202. For example,
the perforated plate 300 need not be fixed to the supportive main pipe 202 by
welding or with a screw or a bolt. If the supportive spray piping 200
comprises supportive transversal pipes 204, the perforated plate 300 is
preferably movable with respect to the supportive transversal pipes 204. For
example, the perforated plate 300 need not be fixed to the supportive
transversal pipes 204 by welding or with a screw or a bolt.

The movability of the perforated plate 300 with respect to the supportive
spray piping 200 is beneficial, since the temperature of the pipe 200 and
plate 300 may be e.g. around 30 °C when the engine 510 is in operation and
scrubbing liquid is used; and e.g. around 200 °C to 390 °C when the engine
510 Is In operation and scrubbing liquid 1s not used. In addition, the
temperature of the perforated plate 300 may be different from the
temperature of the pipe 200, when the engine 510 s In operation and
scrubbing liquid Is used. Both these issues may lead to dissimilar thermal
expansion of the perforated plate 300 and the supportive spray piping 200. If
they were fixed to each other in an manner not allowing for movement,
thermal stress would be imposed into the structure.

Referring to Figs. 2a and 2b, an embodiment of the scrubber 100 comprises
a droplet separator 410. The droplet separator 410 is configured to separate
droplets from the scrubbed exhaust gas before the first outlet 114. The
droplets form mist. Therefore, a droplet separator 410 is commonly called a
mist eliminator.

Referring to Figs. 2a and 2b, an embodiment of the scrubber 100 comprises
a gas distributor 130 configured to distribute exhaust gas into the interior 102.
Preferably the gas distributor 130 is configured to distribute exhaust gas
evenly into the interior 102. The gas distributor 130 I1s arranged upstream
from the perforated plate 300 and downstream from the inlet 112. Preferably,



20185967 PrRH 22 -10- 2019

10

15

20

25

30

35

10
the gas distributor 130 1s arranged upstream from the supportive spray piping
200 and downstream from the inlet 112.

Referring to Figs. 2a and 2b, the scrubber 100 comprises a second outlet
140 for letting out scrubbing liquid from the interior 102. In particular, when
the scrubber 100 1s configured to be used on a ship 505, the second outlet
140 1s arranged, in use, to a lower part of the scrubber 100. This has the
effect that the scrubbing liguid will not accumulate in the scrubber 100.
Accumulated liquid would increase the mass of the scrubber and reduce
stability of the ship 505. Therefore, In an embodiment, the second outlet 140
IS arranged In the longitudinal direction Sz to an outermost position of the
shell 110 so as to prevent scrubbing liquid from accumulating in the interior
102 of the shell 110 in use. As indicated In Figs. Z2a and 2b, the second outlet
140 Is also arranged to such an outermost position of the shell 110 that is at
another end of the shell 110 than the first outlet 114. As indicated in Figs. 1a,
2a, and 2b, in use, the second outlet 140 Is arranged in a bottommost part of
the shell 102. However, the exhaust gas may be conveyed to the interior 102
from below the shell 110, as Iindicated in Fig. 2b. For example, a gas
distributor 130 or other gas channel may extend to a lower position than the

shell 110, even If the second outlet 140 arranged at an outermost position of
the shell 110.

Figs. 2¢ and 2d illustrate operating principles of the scrubber. Open-loop,
closed-loop, and semi closed-loop operating principles are known from prior
art. Referring to Fig. 2c, sea water without a reagent may be used as the
scrubbing liquid. This solution uses a substantial amount of sea water and
conveys the impurities to sea. This operation principle is often called as
open-loop.

Fig. 2d illustrates closed-loop and semi closed-loop solutions. In a closed-
loop solution, the same scrubbing liquid i1s circulated within the scrubber 100.
Some reagent may be added to the circulating scrubbing liquid, as indicated
in the figure. A pump 530 Is used to circulate the scrubbing liquid. Suitable
reagents include alkalines, 1.e. such reagents that form an alkaline solution
with water. Such reagents include hydroxides of elements from the group | or
Il of the periodic table of elements excluding hydrogen, in particular sodium,
potassium, magnesium and calcium hydroxides NaOH, KOH, Mg(OH)2, and
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Ca(OH)2. Other suitable reagents include oxides of elements from the group |
or Il of the periodic table of elements excluding hydrogen, in particular

sodium and magnesium oxides Na>O and MgO. When reacted with water,
these form hydroxide.

In case the scrubber is run In a closed-loop mode, the scrubbing hgquid Is
preferably made of fresh water and alkaline, 1.e. the scrubbing hqguid IS
substantially free from chloride ions (Cl), even if it may comprise sodium,
e.g. from sodium hydroxide. In case the scrubber Is run in a semi closed-loop
mode, the scrubbing liguid may be made of sea water and alkaline. Waste
may be discharged from the process, as indicated in Fig. 2d. The waste may
be separated from the scrubbing liguid by means of filters, centrifugation or
any other means to separate solid particles from a liquid. In a semi closed-
loop solution, the waste may comprise a substantial amount of water.

VWhen using the scrubber in closed-loop mode or semi-closed loop mode,
preferably, the scrubbing liquid is cooled with a heat exchanger 540. This has
two effects. First, cooling the scrubbing solution prevents its evaporation,
which may be useful, If fresh water is used In the scrubbing solution, since In
general, there is a shortage of fresh water on a ship. Second, the sulphur
oxide of the exhaust gas is more soluble to cold liquid than to warm liguid.
Thus, cooling the scrubbing solution also improves the scrubbing efficiency.
As indicated in Fig. 2d, sea water can be used as the heat exchange medium
N the heat exchanger 540. In a preferable embodiment, a ship 505
comprises, further to the components of Fig. 1a, a pump 530 for circulating
the scrubbing solution from the second outlet 140 to the first spray piping 210
and a heat exchanger 540 configured to cool the circulating scrubbing
solution. Moreover the ship comprises an inlet piping 542 configured to
convey sea water to the heat exchanger 540 and an outlet piping 544
configured to convey sea water from the heat exchanger 540. The sea water
may be conveyed to/from the sea, on which the ship sails.

VWhen using the scrubber in a closed-loop mode or a semi closed-loop mode,
some makeup liquid (fresh or sea water optionally with a reagent) may be fed
{o the scrubber. The makeup liguid may be fed directly to interior of the
scrubber through a separate line (not shown), or it may be fed to the
circulation of the scrubbing liquid as indicated in Fig. 2d. Moreover, the
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makeup liquid may be made by mixing the reagent with water (fresh water or
sea water) betfore feeding it to the circulation or the scrubber.

It is noted that the same scrubber can be run subsequently in both closed-
loop mode and open-loop mode. The ability to be run In both modes is
beneficial, since depending on regulations, running in open-loop mode may
be acceptable, and typically it is more cost effective {0 use a scrubber In
open-loop moae.

Referring to Figs. 3a, 3b, and 3c the perforated plate 300 limits apertures
310. The perforated plate 300 extends laterally to an edge 320 of the
perforated plate 300. The perforated plate 300 is configured to let the
scrubbing liquid flow from the first side of the perforated plate 300 via
apertures 310 of the perforated plate 300 to the second side of the perforated
plate 300. Moreover, particularly In open-loop sea water scrubbers (or
scrubber that are run in an open-loop mode), the amount of scrubbing liquid
may be substantial. Therefore, the apertures 310 of the perforated plate are
sufficiently large. However, in order for the perforated plate 300 to be usable
as a platform for maintenance, the apertures 310 should not be too large. Still
further, the apertures 310 of the perforated plate cover a substantial part of
the cross sectional area of the perforated plate. Both these features have
also the effect that the exhaust gas flows relatively easily from the second
side of the perforated plate 300 via apertures 310 of the perforated plate 300
to the first side of the perforated plate 300. However, in order to level out
non-uniformities of the flow of exhaust gas, the apertures 310 of the
perforated plate 300 should not cover too large a part of the cross sectional
area of the perforated plate. Moreover, the perforated plate 300 should be
large compared cross-section of the interior so as not to guide the exhaust
gas to regions In between the plate 300 and the shell.

For reasons of levelling out the exhaust gas flow, in an embodiment, the

perforated plate 300 including the apertures 310 covers at least 80 % of a
cross-sectional area of the interior 102, the cross-sectional area being limited

by the shell 110. Herein the cross-sectional area of the interior 102 refers to
the cross-sectional area of the interior 102 at the location of the perforated
plate 300. Moreover a total area of the apertures 310 i1s from 33 % to 95 % of
the cross-sectional area of the perforated plate 300, the cross-sectional area
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of the perforated plate 300 including the total area of the apertures 310. For
example, In Fig. 3a, the shell 110 limits the interior 102, which has a cross-
sectional area. Moreover, the perforated plate 300 is somewhat smaller than
the cross-section of the interior 102. The area covered by the perforated
plate 300 and its apertures 310 1s the area limited by the edge 320 of the
perforated plate 300. The edge will be discussed in more detail below.
Moreover, in order to allow the scrubbing liquid to flow through the apertures
310, In an embodiment, the perforated plate 300 limits apertures 310 having
an area of at least 25 square mm, i.e. (mm)? often denoted by mm?Z.
Moreover, in order {o support a person standing on the perforated plate 300,
IN an embodiment, the perforated plate 300 limits apertures 310 having an
area of at most 5000 square mm such as at most 2500 square mm.
Preferably, the perforated plate 300 does not limit an aperture 310 that has
an area greater than 5000 square mm. More pretferably, the perforated plate
300 does not limit an aperture 310 that has an area greater than 2500 square
mm. Preferably, the apertures 310 are uniformly distributed throughout the
perforated plate 300 in order to level out flow of exhaust gas.

Referring to Figs. 3a to 3c, the shape of the apertures may be selected
according to needs. Suitable shapes for the apertures include circular, oval,
rounded square, and rounded other rectangle. Preferably, a length of an
aperture 310 is greater than a width of the aperture 310, wherein the width Is
aperture 310 i1s at least 50 % greater than the width of the aperture 310. This
has the effect that the shape of the aperture 310 levels out the flow
effectively, and a cross sectional area of the aperture can be made
reasonably large without posing a safety risk to an operator standing on the
perforated plate 300. As indicated in Figs. 3a, 3b, and 4a a shape of the
cross section of the scrubber may be selected according to needs. Typically
the layout of the ship 505 determines the shape of the scrubber. Most
common shapes include circular and rounded rectangles.

Figs. 4a to 4d indicate how the perforated plate 300 is preferably arranged In
its place. Fig. 4a 1s a top view, whereby the supportive spray piping 200 is
mostly left behind the perforated plate 300. Fig. 4b 1s a side view of a part
llustrated in Fig. 4a. As indicated In these figures, preferably, at least a first
primary part 321 of the edge 320 of the perforated plate 300 is separated
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from shell 110. It has been found that this has the effect that the scrubbing
liquid flowing through a gap between the first primary part 321 of the edge
320 and the shell 110 rinses also such parts of the edge 320 of the plate 300

that are connected to the shell, e.g. the secondary parts 322, 324, 326 of Fig.
4C.

In Figs. 4a, 4b, and 4d, the perforated plate 300 is arranged In between the
supportive spray piping 200 and a fixing member 390 or fixing members 390
that is/are fixed to the shell 110. The fixing member(s) 390 may be e.g.
welded to the shell 110. Referring to Fig. 4c, alternatively or in addition,
secondary parts 322, 324, 326 of the perforated plate 300 may be used to fix
the plate 300 to the shell. Referring to Fig. 4c¢, in an embodiment, at least a
first primary part 321, a second primary part 323, and a third primary part 325
of the edge 320 of the perforated plate 300 are separated from the shell 110.
Moreover, at least a first secondary part 322, a second secondary part 324,
and a thirg secondary part 326 of the edge 320 of the perforated plate 300
are fixed to the shell 110 for example by welding. Furthermore each one of
the first secondary part 322, the second secondary part 324, and the third
secondary part 326 of the edge 320 of the perforated plate 300 is arranged
pbetween two of the first primary part 321, the second primary part 323, and
the third primary part 325 of the edge 320 of the perforated plate 300 in such
a direction dirszo of the edge 320 of the perforated plate 300 that iIs
perpendicular to the longitudinal direction Sz. As indicated above, having the
primary parts 321, 323, 325 has the effect that also the secondary parts 322,
324, 326 are rinsed by the scrubbing liquid. This has the effect that acidic
liguid, such as sulphuric acid, does not accumulate below the secondary
parts. Sulphuric acid has been found to cause corrosion problems in wet
scrubbers.

Referring to Fig. 44, the perforated plate 300 may be arranged In its place by
both fixing a part (or some parts) of the plate to the shell 110 directly and
using at least a fixing member 380. Thus, In an embodiment, multiple primary
parts (321, 323, 325) of the edge 320 of the perforated plate 300 are

separated from the shell 110. Moreover, [A] at least a first secondary part
322 of the edge 320 of the perforated plate 300 is fixed to the shell 110 for
example by welding and/or [B] the scrubber 100 comprises a fixing member

390 that joins a secondary part (324, 326) of the edge 320 of the perforated
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plate 300 to the shell 110. Moreover, each one of the secondary parts (322,
324, 326) of the edge 320 of the perforated plate 300 is arranged between
two primary parts (321, 323, 325) of the edge 320 of the perforated plate 300.
The term "in between” herein refers to being in between In such a direction
diraze of the edge 320 of the perforated plate 300 that 1s perpendicular to the
longitudinal direction Sz. Preferably, the number of secondary parts (322,
324, 326) Is at least three. However, if a secondary part (322, 324, 326) is
too long In the direction dirazg of the edge 320, it may happen that the
scrubbing hauid flowing alongside the first part (321, 323, 325) does not
properly rinse the second parts (322, 324, 326) and/or the fixing elements
390. Therefore, in an embodiment, a length of each one of the second parts
(322, 324, 326) of the edge 320 in the direction dirsz of the edge 320 of the
perforated plate 300, the direction dirae being perpendicular to the
longitudinal direction Sz, is at most 30 cm or at most 20 cm. In a similar
manner, in an embodiment, a length of each one of the fixing members 380
in the direction dirszo of the edge 320 of the perforated plate 300, the direction
dirszo being perpendicular to the longitudinal direction Sz, i1s at most 25 cm.
Preferably each one of these length concerning the secondary parts and the
fixing members is at most 30 cm or at most 20 cm. Preferably, the scrubber
comprises at least three secondary parts (322, 324, 326) of the edge 320,
that are arranged between two primary parts (321, 323, 3295) of the edge 320.

Figure 5a shows a preferable configuration for the first spray piping 210.
Figure 5d shows another configuration for the first spray piping 210.
Referring to Figs. 5a and 5d, the first spray piping 210 comprises a first main
pipe 212. The first main pipe 210 extends straight in the interior 102 and in a
first direction dirzq2 from a first primary part P41 of the shell 110 towards a first
secondary part P12 of the shell 110. The first main pipe 210 has a tubular
profile shape that extends in the first direction dirz12. The first secondary part
P12 of the shell 110 i1s opposite to the first primary part P11 of the shell 110.
Thus, the first direction dirz12 Is substantially perpendicular to the longitudinal
direction Sz. For example, the first direction dirz12 may form an angle of from
/5 to 105 degrees with the longitudinal direction Sz.

Within the first primary part P11 of the shell 110, the first main pipe 212
extends through the shell 110 so that scrubbing liquid is conveyed from
exterior to the Interior 102. Alternatively, piping may be arranged to the
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iInterior 102 so that the scrubbing liquid may be conveyed to the first primary
part P11 from elsewhere. The first main pipe 212 is connected to the shell 110
at the first primary part P11. The first main pipe 212 may be connected to the
shell 110 by at least the aperture through which the first main pipe 212
extends. Preferably, the first direction dirzi2 forms an angle of from 75
degrees to 105 degrees with the shell 110 at the aperture.

The first main pipe 212 is connected to the shell 110 at the first secondary
part P12 by a primary connector 182. Preferably, the primary connector 182
allows for the first main pipe 212 to move relative to the primary connector
182 In the first direction dir212. Thus, the connection in between the primary
connector 182 and the first main pipe 212 allows for the shell 110 and the
first main pipe 212 to thermally expand irrespective of each other. Referring
to Fig. Se, the primary connector 182 may e.g. limit a circular aperture 183,
through which the first main pipe 212 extends. A diameter of the circular
aperture 183 may be substantially equal to the diameter of the first main pipe
212 so that the primary connector 182 connects the first main pipe 212 to the
shell 110 in a lateral direction, 1.e. radial direction of the circular aperture 183.
The primary connector 182 may be e.g. welded to the shell 110. A similar
primary connector 182 1s shown in Fig. 2d. As Iindicated In Figs. 5e and 5b,
the supportive main pipe 202 may extend through an aperture 183 of another
primary connector 182.

What has and will be said about the structure of the first spray piping 210
applies also to the structure of the supportive spray piping 200 as well as to a
structure of a second spray piping 220 and a structure of a third spray piping
230; and further spray pipings (240, 250), If present.

Thus, and with reference to Fig. 5b, in an embodiment, the supportive spray
piping 200 comprises a supportive main pipe 202 extending straight in the
interior 102 and In a zeroth direction dirzge from a zeroth primary part Po1 of
the shell 110 towards a zeroth secondary part Pg2 of the shell 110, the zeroth
secondary part Poz of the shell 110 being opposite to the zeroth primary part
Po1 Of the shell 110. The supportive main pipe 202 has a tubular shape
extending In the direction dirzge. Thus, the zeroth direction diroge IS
substantially perpendicular to the longitudinal direction Sz. For example, the
zeroth direction dirze2 may form an angle of from 75 to 105 degrees with the
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longitudinal direction Sz. An end of the supportive main pipe 202 may be
connected to the zeroth secondary part Po2 of the shell 110 by another
primary connector 182. The supportive main pipe 202 may be connected to
the shell 110 by at least an aperture through which the supportive main pipe
202 extends. Preferably, the zeroth direction dirzge forms an angle of from 75
degrees to 105 degrees with the shell 110 at the aperture.

Figure 5c shows the first spray piping 210, in particular the first main pipe
212, and the supportive spray piping 200, in particular the supportive main
pipe 202 in the same figure. Referring to Fig. 5¢, in an embodiment, the first
direction dirz12 forms a first angle o, of at least 5 degrees with the zeroth
direction dirze2. In other words, the direction dirzq2 of the first main pipe 212
forms a first angle o, of at least 5 degrees with the direction dirgz of the
supportive main pipe 202 of the supportive spray piping 200. The first angle
o may be e.g. at most 175 degrees or at most 85 degrees.

Preferably, the first main pipe 212 comprises nozzles 215 for spraying the
scrubbing hquid into the interior 102. Preferably, the supportive main pipe
202 comprises nozzles 205 for spraying the scrubbing liquid into the interior
102. Such nozzles are depicted e.g. In Fig. 2a.

Referring to Fig. Sa, in an embodiment, the first spray piping 210 comprises
the first main pipe 212 extending straight in the interior 102 and first
transversal pipes 214 extending from the first main pipe 212 in a first
secondary direction. The first transversal pipes 214 have a tubular shape that
extends in the first secondary direction. The first secondary direction Is
preferably substantially perpendicular to the longitudinal direction Sz. The
term “substantially perpendicular’ refers here to an angle of from 75 to 105
degrees, as for the direction dir12 of the first main pipe 212. More preferably,
first secondary direction is perpendicular, or at least substantially
perpendicular, also to the direction dirz12 of extension of the first main pipe
212. Also here the term “substantially perpendicular” refers here to an angle
of from 75 to 105 degrees. In an embodiment, the first transversal pipes 214
comprise nozzles 215 for spraying the scrubbing liquid into the interior 102,
In a preferable embodiment, both the first main pipe 212 and the first
transversal pipes 214 comprise nozzles 215 for spraying the scrubbing liquid
iINto the interior 102,
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At least one of the first transversal pipes 214 may be attached to the shell
110 with a secondary connector 184, as indicated in Fig. Sa. Preferably each
one of the first transversal pipes 214 are be attached to the shell 110 with a
secondary connector 184. For clarty, Fig. 5a does not show a secondary
connector for each one of the transversal pipes 214. An example of a
secondary connector 184 is shown In Fig. 5f. The secondary connector 184
may limit an aperture 185, through which the first transversal pipe 214
extends, as Indicated in Figs. 5a and 5f. Thus, the secondary connector 184
allows for the first transversal pipe 214 to move relative to the secondary
connector 184 In a longitudinal direction of the first transversal pipe 214
Moreover, a width of the aperture 185 in the first direction dirz12 is at least
25 % greater than a diameter of the first transversal pipe 214 to allow the first
transversal pipe 214 to move relative to the secondary connector 184 also In
the first direction dira12. This type of secondary connector is preferably used,
since, when the first main pipe 212 and the shell 110 expand a different
amount, the first transversal pipe 214 moves relative to the shell 110 In the
direction dirp12 of the first main pipe 212. Because of the shape of the
aperture 185, movement in this direction 1s possible without generating
stress. However, in the longitudinal direction Sz of the shell 100, the height of
the aperture 185 may be substantially equal to the diameter of the first
transversal pipe 214 so that the secondary connector 184 connects the first
transversal pipe 214 to the shell 110 in at least the longitudinal direction Sz of
the shell 110. The second connector 184 may be e.g. welded to the shell
110. What has been said about the secondary connector 184 and the first
transversal pipe 214 applies, mutatis mutandis, to a secondary connector

184 connecting a supportive transversal pipe 204 to the shell 110.

Referring to Fig. 5b, in an embodiment, the supportive spray piping 200
comprises the supportive main pipe 202 extending straight in the interior 102
and supportive transversal pipes 204 extending from the supportive main
pipe 202 In a zeroth secondary direction. The supportive transversal pipes
204 have a tubular shape that extends in the zeroth secondary direction. The
zerotn secondary direction s preferably perpendicular or substantially
perpendicular to the longitudinal direction Sz. More preferably, zeroth
secondary direction is perpendicular or substantially perpendicular also to the
direction dirgez Of extension of the supportive main pipe 202. In an



20185967 PrRH 22 -10- 2019

10

15

20

25

30

35

19
embodiment, the supportive transversal pipes 204 comprise nozzles 205 for
spraying the scrubbing liguid into the interior 102. In a preferable
embodiment, both the supportive main pipe 202 and the supportive
transversal pipes 204 comprise nozzles 205 for spraying the scrubbing liquid
Into the interior 102.

In Fig. 54, the first spray piping 210 is also connected to the shell 110 with a
tertiary connector 186. The tertiary connector 186 connects annular pipes
216 of the first spray piping 210 to the shell 110. The tertiary connector 186
comprises apertures, through which the annular pipes 216 extend.

Referring to Figs. 6a and 6b, in an embodiment, the scrubber 100 comprises
IN the interior 102, downstream from the perforated plate 300, and upstream
from the first outlet 114, a second spray piping 220 configured to spray
scrubbing liguid into the interior 102. A distance dz between the perforated
plate 300 and the second spray piping 220 1s at most two metres, at most 1.5
metres, or at most 1 metre, to enable maintenance of the second spray
piping 220 from the perforated plate 300. Also preferably, a distance between
the first spray piping 210 and the second spray piping 220 i1s at least
300 mm, such as at least 450 mm. Mathematically: |d4-do| =2z 300 mm or
ld1-do| 2 450 mm. Having a reasonable distance in between the spray pipings
210 ang 220 ensures uniform spraying of scrubbing hguid in the scrubber
100. The spraying I1s even more uniform, when the main pipes 212, 222 of
the spray pipings 210, 220 are also oriented in different directions, as
indicated in Figs. 7a and 7/b. The distance d; refers to a distance in the
longitudinal direction Sz.

Referring to Figs. 6a, in an embodiment, the scrubber 100 comprises in the
iInterior 102, downstream from the perforated plate 300, and upstream from
the first outlet 114, a third spray piping 230 configured to spray scrubbing
liguid into the Interior 102. A distance ds between the perforated plate 300
and the thira spray piping 230 is at most two metres, at most 1.5 metres, or
at most 1 metre, to enable maintenance of the thira spray piping 230 from the
perforated plate 300. Also preferably, the distances between the third spray
piping 230 and both the first spray piping 210 and the second spray piping
220 are at least 300 mm, such as at least 450 mm. Mathematically: |dz-d4| =
300 mm and |ds-dz] 2 300 mm; or |[ds-d4| 2 450 mm and |ds-dz| 2 450 mm.
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Having a reasonable distance In between the spray pipings 230; and 210 and
220, ensures uniform spraying of liguid in the scrubber 100. The spraying is
even more uniform, when the main pipes 212, 222, 232 of the spray pipings
210, 220, 230 are also oriented in different directions, as indicated in Figs. 7a
to 7c. The distance ds refers to a distance in the longitudinal direction Sz.

For similar reasons, If the scrubber 100 comprises the supportive spray
piping 200, a distance between the supportive spray piping 200 and the first
spray piping 210 1s preferably at least 300 mm, such as at least 450 mm.
This ensures uniform spraying of scrubbing liquid in the scrubber 100. The
spraying I1s even more uniform, when the main pipes 202, 212 of the spray
pipings 200, 210 are also oriented In different directions, as indicated in Figs.
S5a to ocC.

In case the scrubber comprises more than one spray pipings in between the
perforated plate 300 and the first outlet 114, preferably, at least a part of the
hatch 120 I1s arranged in the longitudinal direction Sz, in between the
perforated plate 300 and that one of the spray pipings that is closest to the
perforated plate. This also makes it more easy for an operator to enter a
proper location for maintaining the first spray piping. In the figures, the first
spray piping 210 i1s the closest one in the aforementioned sense.

As clear from the discussion above, the scrubber 100 of Fig. ba I1s free from
such a structure that prevents maintenance of the second spray piping 220
from the perforated plate 300. Moreover, the scrubber 100 of Fig. 6a is free
from such a structure that prevents maintenance of the third spray piping 230
from the perforated plate 300. Examples of such structures have been
discussed above in the context of maintaining the first spray piping 210.

Referring to Fig. ba the scrubber 100 may comprise a packed bed 420.
Moreover, the scrubber may comprise a fourth spray piping 240 and
optionally also a fifth spray piping 250. The first spray piping 210 may be
arranged on a first side of the packed bed 420, and the fourth and fifth spray
pipings 240, 250 may be arranged on a second, opposite, side of the packed
bed 420. The fourth and fifth spray pipings 240, 250 may be arranged more
than 2 metres away from the perforated plate 300. Regardless of the
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distance, the packed bed 420 prevents the maintenance of the fourth and
fifth spray pipings 240, 250 from the perforated plate 300.

Referring to Fig. 6b the scrubber 100 may comprise a packed bed 420, even
if it does not comprise the second and third spray pipings 220, 230 on the
first side of the packed bed 420. The scrubber of Fig. 6b comprises, on the
second side of the packed bed 420, a second spray piping 220. The second
spray piping 220 may be arranged more than 2 metres away from the
perforated plate 300. In Fig. 6b, the packed bed 420 prevents the
maintenance of the second spray pipings 220 from the perforated plate 300.
In case the scrubber 100 comprises a packed bed 420, the scrubber 100
preferably comprises a spray piping arranged downstream from the packed
bed 420 and upstream from the first outlet 114, preferably upstream also
from a droplet separator 410.

VWhen the scrubber comprises a packed bed 420, in use, the scrubbing
solution flows at the surfaces of the packing material of the packed bed 420
to ascertain a large contact surface between the scrubber liguid and the
exhaust gas that flows through the packed bed. The scrubber 100 needs not
have a packed bed. The scrubber 100 may also comprise a zone with a
packed bed, such as the upper part of the scrubber 100 of Fig. 6a or 6b, and
a zone without a packed bed, such as the lower part of the scrubber 100 of
Fig. ©a or 6b.

Fig 7a shows the first spray piping 210 of Fig. 5a, and also the first angle o
INn between the direction dirz1z of the first main pipe 212 and the direction
dirzez of the supportive main pipe 202.

Fig /b shows the second spray piping 220 in a top view, and also a seconad
angle oz In between a direction diraze of a second main pipe 222 and the
direction dirzi2 of the first main pipe 212. The second spray piping 220
comprises the second main pipe 222. The second main pipe 222 extends
straight In the Interior 102 and In the second direction diraze from a second
primary part P2¢ of the shell 110 towards a second secondary part P2, of the
shell 110. The second main pipe 222 has a tubular profile shape that extends
in the second direction diraz. The second direction dirzzz may be
perpendicular or substantially perpendicular (in the meaning discussed above
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for dirzq2) to the longitudinal direction Sz. The second secondary part Pao of
the shell 110 i1s opposite to the second primary part P21 of the shell 110. The
second main pipe 222 is connected to the shell 110 at the second secondary
part P2 by a primary connector 182. What has been said about the
connection between the first main pipe 212 and the shell 110 applies, mutatis
mutandis, to the connection between the second main pipe 222 and the shell
110. A second angle o2 of at least 5 degrees is left in between the second
direction dirzz2 and the first direction dirz12. The second angle o2 may be e.g.
at most 175 degrees or at most 85 degrees. The second spray piping 220
preferably further comprises second transversal pipes 224 extending from
the second main pipe 222 In a second secondary direction. The second
transversal pipes 224 have a tubular shape that extends in the second
secondary direction. The second secondary direction i1s preferably at least
substantially perpendicular to the longitudinal direction Sz. More preferably,
the second secondary direction is at least substantially perpendicular also to
the direction diroze of extension of the second main pipe 222. What has been
sald about being substantially perpendicular in the context of the pipes 214
applies to the pipes 224 mutatis mutandis. Preferably, the second main pipe
222 and/or the second transversal pipes 224 comprise(s) nozzles for
spraying scrubbing liquid.

Fig /¢ shows the third spray piping 230 In a top view, and also a third angle
oz N between a direction dirsz of a third main pipe 232 and the direction
dirzz2 Of the second main pipe 222. The third spray piping 230 comprises the
third main pipe 232. The third main pipe 232 extends straight in the interior
102 and in the third direction dirzzz from a third primary part P31 of the shell
110 towards a third secondary part P32 of the shell 110. The third main pipe
232 has a tubular profile shape that extends in the third direction dirazz. The
third secondary part P32 of the shell 110 is opposite to the third primary part
P31 of the shell 110. The third direction dirza2 may be perpendicular or
supstantially perpendicular (in the meaning discussed above for dirzq2) to the
longitudinal direction Sz. The third main pipe 232 Is connected to the shell
110 at the third secondary part P32 by a primary connector 182. What has
been said about the connection between the first main pipe 212 and the shell
110 applies, mutatis mutandis, to the connection between the third main pipe
232 and the shell 110. A third angle oz of at least 5 degrees is left In between
the third direction dirzz2 and the second direction dirzzz. The third angle os
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may be e.g. at most 175 degrees or at most 85 degrees. Preferably also, an
angle of at least 5 degrees (e.g. from 5 to 1/5 degrees or from 5 to 85
degrees) is left in between the third direction dirzz2 and the first direction dirzq2
(not shown In Fig. 7c). The third spray piping 230 preferably further
comprises third transversal pipes 234 extending from the third main pipe 232
IN a third secondary direction. The third transversal pipes 234 have a tubular
shape that extends In the third secondary direction. The third secondary
direction Is preferably at least substantially perpendicular to the longitudinal
direction Sz. More preferably, the third secondary direction is at least
substantially perpendicular also to the direction dirzsz of extension of the third
main pipe 232. Wr
in the context of the pipes 214 applies to the pipes 234 mutatis mutandis.
Preferably, the third main pipe 232 and/or the third transversal pipes 234
comprise(s) nozzles for spraying scrubbing liquid.

iat has been said about being substantially perpendicular

Even If not shown In the figures, when the scrubber comprises at least two
spray pipings (e.g. 240, 250) on the second side of a packed bed, wherein
the first spray piping 210 1s arranged on the first side of the packed bed,
preferably also each one of the at least two spray pipings on the second side
of a packed bed comprise a main pipe. Moreover, the main pipes of the
different spray pipings on the second side of a packed bed are preferably
arranged relative to each other at an angle, as detailed for the spray pipings
210, 220, 230 with the first, second, and third angles o1, a2, and oua.

The scrubber 100 can be made from an ola scrubber by providing the old
scrubber with the perforated plate 300. In the alternative, the perforated plate
300 itself may be assembled from parts. For example, Fig. 9 shows a
perforated plate 300 made up of four parts 300a, 300b, 300c, and 300d.
When the scrubber 100 1s made from an old scrubber, the old scrubber IS
being adapted. Thus, the invention relates also to a method for adapting an
old scrubber. The old scrubber comprises: a shell 110 Iimiting an interior 102
of the old scrubber, the shell 110 extending in a longitudinal direction Sz, an
inlet 112 for letting in exhaust gas to the interior 102, a first outlet 114 for

letting out scrubbed exhaust gas from the interior 102; and in the interior 102
IN between the inlet 112 and the first outlet 114, a first spray piping 210
configured to spray scrubbing liguid into the interior 102.
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The old scrubber may be adapted by arranging available the perforated plate
300 or parts (300a, 300b, 300c, 300d) of a perforated plate 300. If only the
parts (300a - 300d) are available, the perforated plate 300 is assembled from
the parts. The plate 300 may be assembled to its location within the old
scrubbed.

The perforated plate 300 is arranged (or assembled from the parts) to the
interior 102 of the old scrubber to such a position that the perforated plate
300 has a normal N to the longitudinal direction Sz. The perforated plate 300
IS arranged (or assembled from the parts) to such a location that a distance
d1 between the perforated plate 300 and the first spray piping 210 of the old
scrubber 1s at most two metres, such as at most 1.5 metres, or at most 1
metre. As indicated above, such a distance enables maintenance of the first
spray piping 210 from the perforated plate 300 without an auxiliary support,
such as a ladder.

In case the old scrubber does not have a hatch or does not have a hatch at a
proper location relative to the perforated plate 300, a hatch 120 can be
provided to the shell 110 of the old scrubber for allowing entrance of an
operator into the interior 102. The hatch 120 may be provided to such a
location that at least a part of the hatch 120 Is arranged, in the longitudinal
direction Sz, in between the perforated plate 300 and the first outlet 114 and
at most two metres (or at most 1.5 metres or at most 1 metre or at most 0.5
metres) from the perforated plate 300. What else has been said about the
location of hatch in the scrubber 100 applies also for the method.

Preferably, the perforated plate 300 is arranged (or assembled from the
parts) to such a location that the perforated plate 300 is supported to a
supportive spray piping 200 at least in use.

The first spray piping 210, e.g. at least some nozzles 215 thereof, of such a
scrubber 100, which may have been formed by adapting an old scrubber,
may be maintained from the perforated plate 300. In order to maintain the
first spray piping 210, an operator enters the interior 102 of the scrubber 100
through the hatch 120 and arranges him/herself onto the first side of the of
the perforated plate 300. While being on the first side of the perforated plate
300 and being supported to the perforated plate 300, the operator maintains
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at least one of the nozzles 215 of the first spray piping 210.



20185967 PrRH 22 -10- 2019

10

15

20

25

30

35

26

1. A scrubber (100) for scrubbing exhaust gas of a combustion engine (510),
the scrubber (100) comprising,

- a shell (110) imiting an interior (102) of the scrubber (100), the shell (110)
extending in a longitudinal direction (Sz),

- a hatch (120) suitable for a person to enter the interior (102),

- an inlet (112) for letting in the exhaust gas to the interior (102) and a first
outlet (114) for letting out scrubbed exhaust gas from the interior (102),

- In the Interior (102) In between the nlet (112) and the first outlet (114), a
first spray piping (210) configured to spray scrubbing liquid into the interior
(102), and

- In between the inlet (112) and the first spray piping (210), a perforated plate
(300) suitable for use as a platform for maintaining at least the first spray
piping (210), wherein

- the perforated plate (300) has a normal (N) to the longitudinal direction (Sz),
whereby the first spray piping (210) 1s arranged on a first side of the
perforated plate (300), characterized in that

- a distance (d1) between the perforated plate (300) and the first spray piping
(210) 1s at most two metres to enable maintenance of the first spray piping
(210).

2. The scrubber (100) of the claim 1, comprising

- In the Iinterior (102) in between the inlet (112) and the perforated plate
(300), a supportive spray piping (200) configured to spray scrubbing liquid
iInto the interior (102), wherein

- the supportive spray piping (200) is configured to mechanically support the
perforated plate (300) from a second side of the perforated plate (300), the
second side being opposite to the first side of the perforated plate (300);
preferably,

- the supportive spray piping (200) 1s In contact with the perforated plate
(300) or the supportive spray piping (200) 1s configured to be in contact with
the perforated plate (300) at least when the perforated plate (300) i1s used as
a support for maintaining the first spray piping (210);

more preferably
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- the perforated plate (300) 1s movable with respect to the to the supportive
spray piping (200), for example, the perforated plate (300) is not fixed to the
supportive spray piping (200) by welding or with a screw or a bolt.

3. The scrubber (100) of the claim 1 or 2, wherein

- at least a part of the hatch (120) Is arranged, In the longitudinal direction
(Sz), In between the perforated plate (300) and the first outlet (114);
preferably

- at least a part of the hatch (120) 1s arranged at most two metres from the
perforated plate (300).

4. The scrubber (100) of any of the claims 1 to 3, wherein
- the perforated plate (300) limits apertures (310),

- the perforated plate (300) including the apertures (310) covers at least 80 %
of a cross-sectional area of the interior (102), the cross-sectional area being
limited by the shell (110), and

- a total area of the apertures (310) is from 33 % to 95 % of the cross-
sectional area of the perforated plate (300), the cross-sectional area of the
perforated plate (300) including the total area of the apertures (310);
preferably,

- the perforated plate (300) limits apertures (310) having an area of at least
25 (mm)? and at most 5000 (mm)=.

o. The scrubber (100) of any of the claims 2 to 4, wherein

- the first spray piping (210) comprises a first main pipe (212) extending
straight in the interior (102) and in a direction (dirz12) from a first primary part
(P11) of the shell towards a first secondary part (P12) of the shell (110), the
first secondary part (P12) of the shell (110) being opposite to the first primary
part (P41) of the shell (110), and

- the supportive spray piping (200) comprises a supportive main pipe (202)
extending straight in the interior (102) and in a further direction (dirzg2) from a
further primary part (Po1) of the shell (110) to a further secondary part (Po2) of
the shell (110), the further secondary part (Po2) of the shell (110) being
opposite to the further primary part (Po1) of the shell (110), wherein

- the direction (dira12) of the first main pipe (212) forms an angle (o) of at
least 5 degrees with the direction (dirag2) of the supportive main pipe (202);
preferably,
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- the first and/or the supportive main pipe(s) (212, 202) comprise or
comprises nozzles (215, 205) for spraying the scrubbing liguid into the
interior (102) and/or
- the first direction (dir212) and the further direction (dirzg2) form an angle of
from 75 degrees to 105 degrees with the longitudinal direction (Sz) and/or
- the perforated plate (300) is movable with respect to the to the supportive
main pipe (202), for example, the perforated plate (300) 1s not fixed to the
supportive main pipe (202) by welding or with a screw or a bolt.

6. The scrubber (100) of any of the claims 1 to 5, wherein

- the first side of the perforated plate (300) is free from such elements that
are fixed to the pertorated plate (300) and protrude from the perforated plate
at least 5 cm.

/. The scrubber (100) of any of the claims 1 to 6, wherein

- the perforated plate (300) extends laterally to an edge (320) of the
perforated plate (300) and

- at least a first primary part (321) of the edge (320) of the perforated plate
(300) is separated from the shell (110);

preferably

- multiple primary parts (321, 323, 325) of the edge (320) of the perforated
plate (300) are separated from the shell (110); ana

- at least a first secondary part (322) of the edge (320) of the perforated plate
(300) 1s fixed to the shell (110) for example by welding and/or

- the scrubber 100 comprises a fixing member (390) that joins a secondary
part (324, 326) of the edge (320) of the perforated plate (300) to the shell
(110), wherein

- each one of the secondary parts (322, 324, 326) of the edge (320) of the
perforated plate (300) is arranged between two primary parts (321, 323, 325)
of the edge (320) of the perforated plate (300).

8. The scrubber (100) of any of the claims 1 to 7, wherein

- the first spray piping (210) comprises a first main pipe (212) extending
straight in the interior (102) and first transversal pipes (214) extending from
the first main pipe (212) and/or
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- the supportive spray piping (200) comprises a supportive main pipe (202)
extending straight in the interior (102) and supportive transversal pipes (204)
extending from the supportive main pipe (202);
preferably,
- the first (214) transversal pipes (214) and/or the supportive transversal
pipes (204) comprise nozzles (215, 205) for spraying the scrubbing liquid into
the intenor (102) and/or
- the perforated plate (300) is movable with respect to the to the supportive
transversal pipes (204), for example, the perforated plate (300) is not fixed to
the supportive transversal pipes (204) by welding or with a screw or a bolt.

9. The scrubber (100) of any of the claims 1 to 8, comprising

- In the interior (102) In between the perforated plate (300) and the first outlet
(114), a second spray piping (220) configured to spray scrubbing liquid Iinto
the interior (102), wherein

- a distance (dz) between the perforated plate (300) and the second spray
piping (220) is at most two metres to enable maintenance of the second
spray piping (220);

preferably the scrubber further comprises

- In the interior (102) In between the perforated plate (300) and the first outlet
(114), a third spray piping (230) configured to spray scrubbing liquid into the
INnterior (102), wherein

- a distance (ds) between the perforated plate (300) and the third spray piping
(230) 1s at most two metres to enable maintenance of the third spray piping
(230).

10. The scrubber (100) of any of the claims 1 {0 9, comprising

- a gas distributor (130) configured to distribute exhaust gas into the interior
(102), wherein

- the gas distributor (130) is arranged upstream from the perforated plate
(300) and downstream from the inlet (112).

11. The scrubber (100) of any of the claims 1 to 10, comprising

- a second outlet (140) for letting out scrubbing liquid from the interior (102),
wherein

- the second outlet (140) I1s arranged to prevent scrubbing liguid from
accumulating in the interior (102) of the shell (110) In use.
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12. An arrangement (500, 505), such as a ship (505), comprising,

- the scrubber (100) of any of the claims 1 to 11,

- a combustion engine (510), and

- an exhaust gas channel (515) configured to convey exhaust gas from the
combustion engine (510) to the scrubber (100);

preferably,

- the arrangement (500, 505) I1s configured not to spray liquid onto the
exhaust gases before the inlet (112) of the scrubber (100).

13. A method for adapting an old scrubber, the old scrubber comprising

- a shell (110) imiting an interior (102) of the old scrubber, the shell {(110)
extending in a longitudinal direction (Sz),

- an inlet (112) for letting in exhaust gas to the interior (102),

- a first outlet (114) for letting out scrubbed exhaust gas from the interior
(102),

- In the Interior (102) in between the Inlet (112) and the first outlet (114), a
first spray piping (210) configured to spray scrubbing liquid into the interior
(102),

the method comprising

- arranging avallable a perforated plate (300) or parts (300a, 300b, 300c) of a
perforated plate (300),

- arranging the perforated plate (300) or assembling a perforated plate (300)
from the parts (300a, 300b, 300c) of a perforated plate to the interior (102)
such that the perforated plate (300) has a normal (N) to the longitudinal
direction (Sz) and fixing the perforated plate (300) to such a location that a
distance (dq) between the perforated plate (300) and the first spray piping
(210) of the old scrubber is at most two metres to enable maintenance of the
first spray piping (210) from the perforated plate (300).

14. The method of claim 13, comprising

- providing a hatch (120) to the shell (110) of the old scrubber for allowing
entrance into the interior (102) and/or

- supporting the perforated plate (300) to a supportive spray piping (200);
preferably the method comprises,

- providing the hatch (120) to such a location that at least a part of the hatch
(120) 1s arranged, In the longitudinal direction, in between the perforated
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plate (300) and the first outlet (114) and at most two metres from the
perforated plate (300).

15. A method for maintaining a scrubber (100) of any of the claims 1 to 11,
the method comprising

- entering the interior (102) of the scrubber (100) through the hatch (120),

- peing on and supported to the first side of the perforated plate (300), and

- maintaining at least a part of a first spray piping (210) while being supported
to the perforated plate (300).
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Patenttivaatimukset:

1. Pesuri (100) polttomoottorin (510) pakokaasun pesemiseksi, joka pesuri
(100) kasittaa

— kuoren (110), joka rajaa pesurin (100) sisatilan (102), joka kuori (110) ulot-
tuu pituussuunnassa (Sz),

— luukun (120), josta henkildé sopil menemaan sisatilaan (102),

— tuloaukon (112) pakokaasun paastamiseksi sisatilaan (102) ja ensimmai-
sen poistocaukon (114) pestyn pakokaasun paastamiseksi ulos sisatilasta
(102),

— sisatilassa (102) tuloaukon (112) jJa ensimmaisen poistoaukon (114) valissa
ensimmaisen ruiskutusputkiston (210), joka on jarjestetty ruiskuttamaan sisa-
tilaan (102) pesunestetta, ja

— tuloaukon (112) ja ensimmaisen ruiskutusputkiston (210) valissa olevan
reikalevyn (300), joka soveltuu kaytettavaksi alustana ainakin ensimmaisen
ruiskutusputkiston (210) huoltamiseksi, jolloin

— reikalevylla (300) on normaali (N) pituussuuntaan (Sz) , jolloin ensimmai-
nen ruiskutusputkisto (210) on jarjestetty reikalevyn (300) ensimmaiselle puo-
lelle, tunnettu siita, etta

— reikalevyn (300) ja ensimmaisen ruiskutusputkiston (210) valinen etaisyys
(d1) on enintaan kaksi metria ensimmaisen ruiskutusputkiston (210) huolta-
misen mahdollistamiseksi.

2. Patenttivaatimuksen 1 mukainen pesuri (100), joka kasittaa

— sisatilassa (102) tuloaukon (112) ja reikalevyn (300) valissa olevan tuki-
ruiskutusputkiston (200), joka on jarjestetty ruiskuttamaan sisatilaan (102)
pesunestetta, ja joka

— tukiruiskutusputkisto (200) on jarjestetty tukemaan reikalevya (300)
mekaanisesti reikalevyn (300) toiselta puolelta, joka on vastakkainen reika-
levyn (300) ensimmaiseen puocleen nahden;

edullisest

— tukiruiskutusputkisto (200) on kosketuksessa reikalevyyn (300) tal tuki-
ruiskutusputkisto (200) on jarjestetty olemaan kosketuksessa reikalevyyn
(300) ainakin silloin, kun reikalevya (300) kaytetaan tukena ensimmaisen
ruiskutusputkiston (210) huoltoa varten;

edullisemmin
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— reikalevy (300) on liikkuteltavissa tukiruiskutusputkistoon (200) nahden, esi-
merkiksi reikalevya (300) el ole kiinnitetty tukiruiskutusputkistoon (200) hit-
saamalla tal ruuvin tai pultin avulla.

3. Patenttivaatimuksen 1 tal 2 mukainen pesuri, jossa

— ainakin osa luukusta (120) on jarjestetty pituussuunnassa (Sz) reikalevyn
(300) ja ensimmaisen poistoaukon (114) valiin;

edullisesti

— ainakin osa luukusta (120) on jarjestetty enintaan kahden metrin paahan
reikalevysta (300).

4. Jonkin patenttivaatimuksen 1-3 mukainen pesuri (100), jossa

— reikalevy (300) rajoittaa aukkoja (310),

— reikalevy (300) aukkoineen (310) peittaa vahintaan 80 % sisatilan (102)
poikkipinta-alasta, jota poikkipinta-alaa rajoittaa kuori (110), ja

— aukkojen (310) kokonaispinta-ala on 33—-95 % reikalevyn (300) poikkipinta-
alasta, joka reikalevyn (300) poikkipinta-ala sisaltaa aukkojen (310) koko-
naispinta-alan;

edullisest

— reikalevy (300) rajaa aukkoja (310), joiden pinta-ala on vahintaan 25 (mm)?
ja enintédan 5000 (mm)=.

5. Jonkin patenttivaatimuksen 2—4 mukainen pesuri (100), jossa

— ensimmainen ruiskutusputkisto (210) kasittaa ensimmaisen paaputken
(212), joka jatkuu suoraan sisatilassa (102) ja suuntaan (dirz2) kuoren
ensimmaisesta primaariosasta (P11) kuoren (110) ensimmaisen sekundaari-
osan (P12) suuntaan, joka kuoren (100) ensimmainen sekundaariosa (P12) on
vastakkainen kuoren (110) ensimmaiseen primaariosaan (P11) nahden, ja

— tukiruiskutusputkisto (200) kasittaa tukipaaputken (202), joka jatkuu suo-
raan sisatilassa (102) ja viela yhteen suuntaan (dirae2) kuoren (110) viela
vhdesta primaariosasta (Po1) kuoren (110) viela yhteen sekundaariosaan
(Po2), Joka kuoren (110) viela yksi sekundaariosa (Po2) on vastakkainen kuo-
ren (110) viela yhteen primaariosaan (Pg¢1) nahden, jolloin

— ensimmaisen paaputken (212) suunta (dirz12) muodostaa tukipaaputken
(202) suunnan (dirzo2) kanssa ainakin 5 asteen kulman (o.1);

edullisest
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— ensimmainen paaputki ja/tal tukipaaputki (212, 202) kasittavat tai kasittaa
suuttimia (2195, 205) pesunesteen ruiskuttamiseksi sisatilaan (102), ja/tal
— ensimmainen suunta (dirz12) jJa kyseinen viela yksi suunta (dirag2) muodos-
tavat pituussuunnan (Sz) kanssa 75-105 asteen kulman, ja/tal
— reikalevy (300) on lilkuteltavissa tukipaaputken (202) suhteen, esimerkiksi
reikalevya (300) el ole kiinnitetty tukipaaputkeen (202) hitsaamalla tal ruuvin
tal pultin avulla.

6. Jonkin patenttivaatimuksen 1-5 mukainen pesuri (100), jossa
— reikalevyn (300) ensimmaisella puolella el ole sellaisia elementteja, jotka
on Kiinnitetty reikalevyyn (300) ja Jjotka ulkonevat ainakin 5 cm reikalevysta.

/. Jonkin patenttivaatimuksen 1-6 mukainen pesuri (100), jossa

— reikalevy (300) ulottuu sivusuunnassa reikalevyn (300) reunaan (320), ja

— alnakin reikalevyn (300) reunan (320) ensimmainen primaariosa (321) on
erillaan kuoresta (110);

edullisest

— reikalevyn (300) reunan (320) useat primaariosat (321, 323, 325) ovat eril-
laan kuoresta (110); ja

— ainakin reikalevyn (300) reunan (320) ensimmainen sekundaariosa (322)
on kiinnitetty kuoreen (110) esimerkiksi hitsaamalla, ja/tal

— pesurl 100 kasittaa kiinnityselimen (390), joka liittaa reikalevyn (300) reu-
nan (320) sekundaariosan (324, 326) kuoreen (110), jolloin

— reikalevyn (300) reunan (320) kukin sekundaariosa (322, 324, 326) on jar-
jestetty reikalevyn (300) reunan (320) kahden primaariosan (321, 323, 325)
valin.

8. Jonkin patenttivaatimuksen 1—/ mukainen pesuri (100), jossa

— ensimmainen ruiskutusputkisto (210) kasittaa ensimmaisen paaputken
(212), Joka jatkuu suoraan sisatilassa (102), ja ensimmaisia poikittaisputkia
(214), jotka lahtevat ensimmaisesta paaputkesta (212), ja/tai

— tukiruiskutusputkisto (200) kasittaa tukipaaputken (202), joka jatkuu suo-
raan sisatilassa (102), seka tukipoikittaisputkia (204), jotka lahtevat tuki-
paaputkesta (202); ja

edullisesti
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— ensimmaiset (214) polikittaisputket (214) ja/tar tukipoikittaisputket (204)
kasittavat suuttimia (215, 205) pesunesteen ruiskuttamiseksi sisatilaan (102)
ja/tal
— reikalevy (300) on lilkuteltavissa tukipoikittaisputkiin (204) nahden, esimer-
Kiksi reikalevya (300) el ole kiinnitetty tukipoikittaisputkiin (204) hitsaamalla
tal ruuvin tai pultin avulla.

9. Jonkin patenttivaatimuksen 1-9 mukainen pesuri, joka kasittaa

— sisatilassa (102) reikalevyn (300) jJa ensimmaisen poistoaukon (114) valis-
sa olevan toisen ruiskutusputkiston (220), joka on jarjestetty ruiskuttamaan
pesunestetta sisatilaan (102), jolloin

— reikalevyn (300) ja toisen ruiskutusputkiston (220) véalinen etaisyys (dz2) on
enintaan kaksi metria toisen ruiskutusputkiston (220) huollon mahdollista-
MISEKSI;

edullisesti pesuri kasittaa lisaksi

— sisatilassa (102) reikalevyn (300) ja ensimmaisen poistoaukon (114) valis-
sa olevan kolmannen ruiskutusputkiston (230), joka on jarjestetty ruiskutta-
maan pesunestetta sisatilaan (102), jolloin

— reikalevyn (300) ja kolmannen ruiskutusputkiston (230) valinen etaisyys

(d3) on enintaan kaksi metria kolmannen ruiskutusputkiston (230) huollon
mahdollistamiseksi.

10. Jonkin patenttivaatimuksen 1-9 mukainen pesuri (100), joka kasittaa

— kaasunjakelijan (130), joka on jarjestetty jakamaan pakokaasua sisatilaan
(102), joka

— kaasunjakelija (130) on jarjestetty virtaussuunnassa ennen reikalevya (300)
]a tuloaukon (112) jalkeen.

11. Jonkin patenttivaatimuksen 1-10 mukainen pesuri (100), joka kasittaa

— toisen poistoaukon (140) pesunesteen poistamiseksi sisatilasta (102), joka
— toinen poistoaukko (140) on jarjestetty estamaan pesunestetta kertymasta
kayton yhteydessa kuoren (110) sisatilaan (102).

12. Jarjestely (500, 5095), kuten laiva (5095), joka kasittaa
— Jjonkin patenttivaatimuksen 1-11 mukaisen pesurin (100),
— polttomoottorin (510) ja
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— pakokaasukanavan (5195), jota pitkin pakokaasua on jarjestetty kulkeutu-
maan polttomoottorista (510) pesuriin (100);
edullisesti
— jarjestely (500, 505) on jarjestetty sellaiseksi, etta siina el ruiskuteta nestet-
ta pakokaasuihin ennen pesurin (100) tuloaukkoa (112).

13. Menetelma vanhan pesurin muuntamiseksi, joka vanha pesuri kasittaa

— kuoren (110), joka rajaa vanhan pesurin sisatilan (102), joka kuori (110)
ulottuu pituussuunnassa (Sz),

— tuloaukon (112) pakokaasun paastamiseksi sisatilaan (102),

— ensimmaisen poistoaukon (114) pestyn pakokaasun paastamiseksi ulos
sisatilasta (102),

— sisatilassa (102) tuloaukon (112) jJa ensimmaisen poistoaukon (114) valissa
olevan ensimmaisen ruiskutusputkiston (210), joka on jarjestetty ruiskutta-
maan pesunestetta sisatilaan (102),

jossa menetelmassa

— |arjestetaan saataville reikalevy (300) tai reikalevyn (300) osia (300a, 300Db,
300c),

— Jarjestetaan reikalevy (300) tal kootaan reikalevy (300) reikalevyn osista
(300a, 300b, 300c) sisatilaan (102) siten, etta reikalevylla (300) on normaal
(N) pituussuuntaan (Sz), ja kinnitetaan reikalevy (300) sellaiseen kohtaan,
etta reikalevyn (300) ja vanhan pesurin ensimmaisen ruiskutusputkiston
(210) valinen etaisyys (d4) on enintaan kaksi metria ensimmaisen ruiskutus-
putkiston (210) huollon mahdollistamiseksi reikalevylta (300).

14. Patenttivaatimuksen 13 mukainen menetelma, jossa

— Jarjestetaan vanhan pesurin kuoreen (110) luukku (120) sisatilaan (102)
paasyn mahdollistamiseksi, ja/tal

— tuetaan reikalevy (300) tukiruiskutusputkistoon (200);

edullisesti meneteimassa

— Jarjestetaan luukku (120) sellaiseen kohtaan, ettéa ainakin osa luukusta
(120) on jarjestetty pituussuunnassa reikalevyn (300) jJa ensimmaisen poisto-
aukon (114) valiin jJa enintaan kahden metrin paahan reikalevysta (300).

15. Menetelma jonkin patenttivaatimuksen 1-11 mukaisen pesurin (100)
huoltamiseksi, jossa menetelmassa
— mennaan pesurin (100) sisatilaan (102) luukun (120) kautta,
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— ollaan reikalevyn (300) ensimmaisella puolella ja siihen tuettuna, ja
— huolletaan ainakin osa ensimmaisesta ruiskutusputkistosta (210) ja ollaan
samalla tuettuna reikaleyyn (300).
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