7 JAN 2005 1 SYSTEM FOR PURI FYI NG | NTERNAL COVBUSTI ON ENG NE EXHAUST 1a48ES2005
BACKGROUND OF THE | NVENTI ON [ 0001] The invention relates to a nethod for
purifyi ng exhaust gases of internal conbustion engines, preferably diesel
engi nes, the nethod 5 conprising the spraying of water m st into the
exhaust gases by utilizing at |east one spray nozzle. [0002] The invention
further relates to an apparatus for purifying exhaust gases of internal
conmbustion engines, preferably diesel engines, the apparatus conprising a
support structure for holding at | east one spray nozzle, 10 the spray

nozzl e bei NYSTEREER RURIFPING INEERNALCOMBUSTION ENGINE EXHAISESASHI003]
One objective in environnental protection is to reduce exhaust em ssions

of conbusti j od provides a solution for reducing
t he exhausth%Q@Dwxﬁgﬁy&%m@stion engi nes. [0004] Diesel engine
exhaust emni ssions 004] Wheaﬁm\férmohaféléw:-: tcl% Gﬁé‘lhbatfd?npw@ exhaddtey

I ncl ude gaseous C

h d b
i ot P nogae Ge sl Bog bR Ron Hhafihse bucter s i by he uhergan o
conpounds, rs:nhpnlsmg)rtbewpiaymgnmf yatdri moist dhiesthe\erinausiegasesoby ulilizing, at

sul phur oxi y SO2 and SO3, are produced, which contribute
to the aci dlgggtca% 'I%/mosczg! and the production of snpog. During 20 the

conbustion process,[0882k T tivenhon fugeer gelatesr tosantapparatus forr poifyiigses
to nitr Oge”e%u@?ﬁa% of F?r"f‘t%h‘lé?‘ﬂd?ﬁlﬁdstiwﬁ é@n@@?reﬁ}bﬁ& &IE‘EQPQI'\ 8|é€%@ but e

to the formation™o to the greenhouse e ac i cation
of soil an%PR%aF’étmﬁﬁ‘sr'B@\ao?UWTe%tfucéW&/ﬁoﬁ ofdii Qék&?ﬁ?@”el‘&ﬁr%@l@@%n, a

fuel that m@rﬁpaamoﬂzlém@aﬁaugwus@pr&aqrwmbr ﬁﬁsﬂﬁtdﬁhb@@@&s@ééﬂ%‘ 25

[0005] The anmount tfooﬁgtpa gm ssi ons fromd este ﬁ%cges cag be, reduced
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maki ng changes roces nes of ships
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heavy oil burns, suiphur oxides SO,, typically SO, and SOs;, are produced,

which contribute to the acidification of soil and the production of smog. During

20 the combustion process, some of the nitrogen gas present in the air oxidises
to nitrogen oxides NO, particularly NO and NO,, which strongly contribute to
the formation of smog, to the greenhouse effect and the acidification of soil
and to retardation of forest growth, for example. In addition, a fuel that

. contains nitrogen may cause formation of nitrogen oxides.

25 [0005] The amount of sulphur emissions from diesel engines can
be reduced by using low-sulphur fuel: the less sulphur the fuel contains, the
lower are the sulphur emissions. Low-sulphur fuel can be produced in
refineries, but at a high cost. The amount of sulphur oxides cannot be
influenced by making changes to the combustion process.

30 [0006] Diesel engines of ships are major air polluters. According to
a study made in the United States a few years ago, 14% of the world nitrogen
emissions and 16% of sulphur emissions of oil exhaust gases originate from
shipping. Nitrogen emissions from diesel engines are created most when the
motor runs at a low power. In ships this typically takes place when the ship is

35 in port, which is naturally regrettable.



35 in port, which is naturally regrettable. 7 JAN 2005 2 [0007] The Wﬂﬂtzms
of nitrogen em ssions of diesel engines can be reduced by decreasing the
conbustion tenperature. The tenperature can be decreased either by adding
water into the fuel or by spraying an enulsion containing water into the
conbusti on chanber. By decreasing the conbustion 5 tenperature, the anount

of nitrogen oxide em ssions can be reduced by about 10% A decrease in the
conmbustion tenperature reduces the efficiency of the engine. [0008]
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The wat er s pre y cr ressare 0
nozzles to spray water into a chamber Contamlng a flow of exhaust gases to

separate products contained in the exhaust gases from them. The system

allows carbon in particular, but also carbon monoxide, hydrocarbons and
20  nitrogen oxides, to be removed from the exhaust gases.

BRIEF DESCRIPTION OF THE INVENTION

[0010] It is an object of the present invention to provide a new,
economical solution for purifying exhaust gas emissions of internal combustion
engines and especially large-dimension both two-stroke and four-stroke diesel

25 engines, especially diesel engines of ships, the solution being implemented
such that it does not complicate the discharge of exhaust gases from the
engine.

[0011] To achieve this objective, the method of the invention is
characterized by spraying water mist by utilizing said at least one spray nozzle

30 and thereby causing a negative pressure in the immediate vicinity of the
nozzle for sucking the exhaust gases into the sprayed spray. The sucking
causes exhaust gases to be entrained into the sprayed spray

[0012] The water mist is preferably created by a pressure of 10 to
300 bar and sprayed inside the exhaust manifold of the engine.



300 bar and sprayed inside the exhaust manifold of the engine. 7 JAN %pgg 3
[0013] Preferred enbodi nents of the nethod of the invention are disclo Y 2005
in the acconpanying clains 2 to 6. [0014] To achi eve the above-nenti oned
objective, the apparatus of the invention is characterized in that the

spray head is a spray head the 5 operation of which creates a suction
causing a negative pressure in the immediate vicinity of the spray head.

The negative pressure draws the exhaust mases toward the spray head and

gui des the exhaust gases into the water spray comng fromthe spray head.
This allows for an [@0f3LiFseferesaembodimerisweleihe metexdh ad dhe gassdicanarenat er .
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10019] Figure oWs ferre ‘of the invention. The Figure
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implement; the invention can be applied to existing internal combustion
engines, such as diesel engines of ships, and therefore only minor changes
are needed; the apparatus allows the flow of exhaust gases to be guided as

20 desired; and the apparatus provides for an efficient, even improved, removal
of exhaust gases from the engine. Mcreover, the operating costs of the
apparatus, with service costs included, are very low.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] In the following, the invention will be described in greater
25  detail with reference to three embodiments and the accompanying drawings,
in which '
Figure 1 illustrates a first embodiment of the invention;
Figure 2 illustrates a second embodiment of the invention;
Figure 3 illustrates a third embodiment of the invention.

30 DETAILED DESCRIPTION OF THE INVENTION

[0019] Figure 1 shows a preferred embodiment of the invention.
The Figure shows an apparatus to be mounted to an exhaust pipe (not shown)
of a diesel engine of a ship for purifying exhaust gases. If the diesel engine
comprises a plurality of exhaust pipes, typically a plurality of purifying
35 apparatuses may be provided.
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35 apparatuses may be provided. 7 JAN 2005 4 [0020] The apparatus sho
Figure 1 is nounted to an exhaust pipe at a position which is advantageous
fromthe point of view of the exhaust gas tenperatures and the nounting of
the apparatus. The total height of the apparatus is relatively snmall
whereby it is easy to find a nounting space for it. 5 A snmall height is
possi bl e when the exhaust gases are sideways deviated out of their

princi pal exhaust flow direction at the inlet. [0021] The apparatus
conprises an inlet [00Z2Ahdhe aptpara@eeshﬂwrgin bigoiee i1f issdoerieautot a &xbaust om
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20 thereto. The number of the spray heads 4 varies according to application; in
the solution of the Figure there are 10 of them, but a solution where one is
sufficient is also possible (in which case suction and spreading ducts may be
arranged to produce a larger area of suction), whereas some solutions may
comprise dozens of spray heads. The spray heads 4 are of a type that can be
25 used at a high pressure causing a strong suction in their immediate vicinity.
The pressure is within 10 to 300 bar, typically from about 20 to 100 bar. Each
spray head 4 comprises preferably at least two nozzles arranged in a diverging
position with respect to each other, and the structure of the head may be for
example like the one disclosed in WO 92/20453. Due to the risk of clogging,
30 the spray head 4 is preferably simple in structure. The spray heads are
arranged in a circle at a distance from one another, and they are directed to
produce substantially parallel sprays. Reference numeral 5 designates a pipe
system for supplying water to the spray heads 4. The arrangement for
supplying water into the pipe system 5 is not shown, because it is easy for a
35 person skilled in the art to accomplish. [n order to avoid the need to use the
valuable water from the fresh water tanks, water known as grey water in ships
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system for supplying water to the spray heads 4. The arrangenent for
supplying water into the pipe system5 is not shown, because it is eegyANoaBS
a 35 person skilled in the art to acconplish. In order to avoid the need to
use the valuable water fromthe fresh water tanks, water known as grey

water in ships 7 JAN 2005 5 is preferably used in the process. The
arrangenent conprises a pressure source (not shown) being able to provide

a pressure of at |least 10 bar via the pigpe system5 to the spray heads.
Preferably the pressure source is a high- pressure source able to provide a
pressur e ofisaprefembly 28eban toed pugrass. IT0@ arrangéMebarconjid24] a Tivessymeay
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tubes 130, mag ufee@Fﬁ WpitHCRR B areg faiBhag withaierélpdleoht h a spray head 4. The
gui de plates 12 are ;@igned to the second vvall é Betvveen tQ{E free si de
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gases flow [ Irection as a direction in
whi ch unpurified exif92d] Bpdween dhe dirstiand the secandapyjindiicalszparesi theee ison can
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the spray hB
20  being provided with a spray head 4. The guide plates 12 are fastened to the
second wall 10. Between the free side edges of the guide plates 12 and the
first wall @ is left a passage 18. The top edges of the guide plates 12 are at a
distance from the flange 7, their bottom edges extending to the top edge of a
discharge opening 17 provided in the wall 10. The function of the discharge
25 opening 17 is to guide purified exhaust gases into the space enclosed by the
wall 10 and from there further toward the discharge flange 2. The purified
exhaust gases flow inside the wall 10 in the same direction as a direction in
which unpurified exhaust gases enter the inlet flange 1. Said direction can be
called direction of principal exhaust flow path. Seen in the direction of flow of
30 the exhaust gases, the discharge opening 17 is located after the spray heads
4. Seen from the direction of flow of the exhaust gases, the spray heads 4 are
located below the top edges of the guide plates 12, or on the same level as
they. The guide plates 12 are at an angle to the spray heads 4, the spray
heads thus spraying towards the guide plates.



4. Seen fromthe direction of flow of the exhaust gases, the spray heaﬁl%Aﬁ 2005
are |ocated below the top edges of the guide plates 12, or on the sane

| evel as they. The guide plates 12 are at an angle to the spray heads 4,

the spray heads thus spraying towards the guide plates. .7 JAN 2005 6

[ 0028] Unpurified exhaust gases enter the reaction chanbers 13 through an

I nl et opening 14. The inlet opening is forned of a port or a gap 14

between the top edge of the second wall ¥0 and the flange 7. [0029] The
bottomend of the first wall 9 of the reaction chanber 13 5 is conical,

wher eby reacti on pr[60@8} $Jrfpmnriﬁed éxhauise gasastéruer tiearbactorackampersddd out
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di scharge fl ange 2 rstoo Fom Fowng from
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devi at ed ougorRfuit 1% m&wmeﬁﬁgc@faa%hdhltqw B headnbntdwdéc&é@fe eris b have
been acti vat e% t he su tion effeCt of the spray heads 4 draws unpurified

exhaust gas®RAcE Wi DAY §0gItORYSE AW h&Peni ng 14. These exhaust gases
are guided into the[00BS] In e fokveng sticaypeiativheofstpeasppieatis &f Figlikaig t he

suction of ads 4 together with the geonetry of the 25 appar at us
effects dev\bnﬁ‘]e ﬁé%fy”b?ﬁe exhaust gases out of the principal exhaust flow

path. Tie droplet sj0882] Mnpeifiact exhast gases Niewinknitid apphetes)thedugbmi ng
f ff % of
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several understood from the figure when flowing from the inlet flange to the discharge
20 flange 2, the exhaust gases are deviated out of the principal exhaust flow path.
If the spray heads 4 have been activated, the suction effect of the spray heads
4 draws unpurified exhaust gases to them through the inlet opening 14. These
exhaust gases are guided into the mist-like water spray of the spray heads 4.
Thus the suction of the spray heads 4 together with the geometry of the
25 apparatus effects deviation of the exhaust gases out of the principal exhaust
flow path. The droplet size in the water spray is very small, thereby allowing for
an efficient reaction between the exhaust gases and the water. 90 % of the
volume of water (Dv20) is in droplets typically smaller than 200 um, preferably
smaller than 100 um and most preferably smaller than 50 um. The nitrogen
30 oxides NO and NO, contained in the exhaust gases go through several
reaction phases to form nitrogen acid. The following reaction formulae are
approximations showing the starting products and the respective end product.
NO + H0 + Oy ——> HNO; (1)
NO+Op ——-m > NO; (2)
35 NO;2 + Hy O woemeeann > HNO; + X (3)

RE—



reaction phases to formnitrogen acid. The follow ng reaction fornmylgg, 848
approxi mati ons showi ng the starting products and the respective end
product. NO + H2O + 02 ------ > HNGB (1) NO + 02 --------------- > N 02 (2)
35 N2 +H 0 -------------- > HNOB + X (3) .7 JAN 2Q05 7 [0033] Reaction
(1) works already at roomtenperature, but it is significantly nore
effective at a tenperature of 100 - 150C. The reaction is efficient
because the exhaust gases are hot. [0034]7 Reaction (2) works well already
at roomtenperature. Since 5 it is not desirable to have nitrogen dioxide
i n exhaust gases, if0088] Remctjed (10 worksralgEadyaat doorof tempeeraturen biubnitmisl a
(3). In theg; | | t PraaYelel | | onply
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ef fecti vel yefépheeégwawseath@eeﬁﬁ@mtga%ewresw: [0035] Because of the nitrogen
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terials that t ai t acid. A mat table for th Ils 9
nd 10, Sui B PPARESTabIS A pouansh oo oxaaps! 9aies. d sandedsiten t 1 c

stai nl ess shiteben [AR6. Wemtiohferrmalke(d)i tmihies rdwitiog agorrdiag. totfbanula 3,

t t i he. . ' h ' I | Low f it
acid to be fPekhacid d83he M dRREIRDE, o EFET EchBuE P adleyRucko""
ni trogen oxprddsice midrogauacldipffegtively alreatly at atthmpapplaraoliS0°A t enperat ure
within the range ofoads) pbalfe GF4hé Mfode bER formbiby, jre BohBBRERR!H ©

i nherently prevailihg 1h exhaust pipes, “or 1t can easily be Created there
(the wakler Frrapiugyedshie Magee matasialaiial suslgimpirages actoh inatedfbnber

contains a $atife PR wals §BRATERGUFRTPIAEYIS2 2l difhdr§aebhans 181is fyery
conpl ex and theépcannot._be t EOI‘EfI ally calculated. Due to this, the

t enper at ur 2X3MRBE 2HSLEHPC S1AYEESBIS8!f or " as | ow eni ssions as possible to be
pr gduced EUSt be di [0G8E Velere e iriveatibalis yeirfdagplled/dhe tempstatand inothey
reduces the r rLQgen | : : i_es gases
of ot her non- ?f{e@ﬁr% 4%9%&%0&8%?&%? [“60@@]“’" %hi%étg%c%ﬁatqﬁd E‘Feﬁeggﬂﬁéq (and
Fi gure ) iavgidiogi bedewer, la simuiansous famnatgronhhitfogennexides thad would dgen

oxi de cont egt: T, OLpi | 3y Of r to
t he spray h§%§§d4@ﬁwﬁfgﬁ ?gbécrgﬁﬁe t%ﬁ{tpeg@mér ?’Lﬂlrg??%gg?%g%%oer 1p?r@§?saur e.
Vat er fl ow s@uld &ﬁ@l@tﬂbi%rTf@§éﬁ1aitﬁﬁ@ﬁf@]ﬁﬁf%mheren ly prevailing in exhaust pipes,

or it can easily be created there (the water to be sprayed acting as a coolant).
Since the reaction chamber contains a large number of chemical compounds,

20 the reactions are very complex and they cannot be theoretically calculated.
Due to this, the temperatures that are most suitable for as low emissions as
possible to be produced must be discovered experimentally.

[0037] Water mist not only reduces the number of nitrogen oxides,
but also purifies the exhaust gases of other non-desirable compounds.

25 [0038] The apparatus of Figure 1 (and Figure 2) is provided with a
sensor (not shown) for measuring nitrogen oxide contents. The sensor is used
for controlling the supply of water to the spray heads 4, which is carried out by
regulating the water pressure. Water flow is reduced, or even interrupted,
when emissions are low or when the ship is in an area where emissions are

30  not very significant.

[0039] Figure 2 shows a second embodiment of the invention. In
the Figure, the same reference numerals as in Figure 1 are used for
corresponding elements.

[0040] The embodiment of Figure 2 deviates from the one in Figure

35 1 in that a portion of the exhaust gases flow unpurified through bypass
openings 100’ provided in a wall 910" toward the discharge flange 2'.



when em ssions are | ow or when the ship is in an area where em ssi OszﬂZGUS
30 not very significant. [0039] Figure 2 shows a second enbodi nent of
invention. In the Figure, the sane reference nunerals as in Figure 1 are
used for corresponding el enents. [0040] The enbodi nent of Figure 2
deviates fromthe one in Figure 35 1 in that a portion of the exhaust
gases flow unpurified through bypass openings 100" provided in a wall 910
toward the discharge flange 2'. | JAN 20Gp 8 Conpared with the arrangenent
of Figure 1, this arrangenent provides the apparatus with a different kind
of resi st anCentened deithe irenastangemett ek, Fighiech, thiayarbengeivantt popealies ihe

certain t ypﬁ@}é’r@agﬁ #h'a ﬂﬂl%'r@r‘ﬂsklé%gﬁ ré&t&%%edt'oﬁl%%s egﬂgliﬁé}ggs ﬂJ\R)GMP.

and si ze of ypass openi ngs var veh
[0041] The HSYaPatafyaptrgaauseld senain W@&@tofodle@ﬁbﬁﬁ@msmwo @kﬁedleﬁel tubes

130" provi defgines) THY AlimPREHNAOSIzE%0f I SVhads! §eringsimiobt athy @é@aﬁéﬁq gases
to be s;;_')cke I nto the reaction chambers by i npact of "the spray heads 4

(suctio SE\IVeFh@PP\fhes 130' are curved, i.e. they conprise a 10 curved
portion, the water [0044ysTHe oaspnaheuspncamdnseds.e,évert haacﬂidﬁ tdhagnibdre wal | of

010 the BHRERPERRES 3 HRTRRBRGHT IS, oBpERES £ MG 2ok walfiY
reacti on pexaust gases thebgLaL@kdd iimtbdha rela@ujmcl'gimbelrsdw Mt ofﬂhmspra‘yber of
the tub

[ net hg eiS %%%%dl rrg?\lf'&o ﬁacﬁgagﬁ’é’ t@%é%mﬁg%ré‘ﬁﬁ}g\é tJn er @t%o@&o Iéyu?:
2, the Yhr agumeddportion, dae wag@r VS ﬂonemmavm@ﬁﬁﬁwethuwg@g?memlm ch
WD Lo Sy RS o ol Lo Por SHohI v 1
Wi

wnter to thbeBPESendsof WHEh i ounsito PactRlcal se 3 W Abw SRARIEN T
the art is pmn{azbtsetcnbecgmdmlmg a)dsch{aw&}ndﬂrgmﬁemesmmeaof kthes tlibes
Sunerals as PO ARgh PO pAlnblhe 15 EER; bRl o fﬁﬁnﬁa@? Ho b Enec
appar at's oembogunentpfdagmr@t‘es fromthe those of F| gures 1 and 2 in that

the apparatus is megyps2 %lﬁé@éhﬁﬂ%&@a fdfn ?@@é@etwg s%@%@% g%mgi fold

500" of the diesel ‘engi ar at us Il si ng
for this puP%@@é‘YTﬁ@OMP@,JWdEeff aagge’ 2o \MhlthtBey ate Tastened (the screws

60’ are unscrewed and the rods €', together with the spray heads 4’, are lifted
up. The unit of conduits for supplying water to the spray heads 4’ is not shown,
20  because a person skilled in the art is capable of designing one.

[0043] Figure 3 shows a third embodiment of the apparatus of the
invention. In Figure 3, same reference numerals as in Figures 1 and 2 are
used for corresponding elements. The apparatus of Figure 3 deviates from the
those of Figures 1 and 2 in that the apparatus is meant to be fastened to the

25 side of an exhaust manifold 500" of the diesel engine, the apparatus
comprising an inlet flange 1" for this purpose. The discharge flange 2" of the
apparatus and the discharge conduit 15" for the reaction products are made
separate from the exhaust manifold 500”. The apparatus of Figure 3 is very
simple to mount. The apparatus comprises a conduit 910" arranged inside a

30  housing 8”, an opening 100" being provided at one end (bottom end) of the
conduit for directing the exhaust gas flows to the second end of the conduit
(top end) provided with an exhaust gas discharge opening”. The discharge
flange 2" can be connected to the manifold 500"

[0044] In the above specification the invention is illustrated with

35 reference to only three examples, on the basis of which it can be understood
that the details of the invention may vary in many ways within the scope of the
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apparatus and the di scharge conduit 15" for the reaction products ar ey Uﬁﬂezaos
separate fromthe exhaust manifold 500". The apparatus of Figure 3 is very
sinple to nount. The apparatus conprises a conduit 910" arranged inside a
30 housing 8", an opening 100" being provided at one end (bottom end) of
the conduit for directing the exhaust gas flows to the second end of the
conduit (top end) provided with an exhaust gas di scharge opening". The

di scharge flange 2" can be connected to ¢ he manifold 500". [0044] In the
above specification the invention is illustrated with 35 reference to only
t hr ee exanpaesympanyihg dimsiss Toie mbs‘snbdnn idf thardisehargd espeinirag 17t dfaFigune 1
details of Y i S e
accorpanyi ri o e S HEEVSRK, SREHnGPIGERIDY RRUE 2 fo7 Slalitile “ERG: bSE ")
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appar at qj(shn&% dew“&rfg) fromthe one shown romthe point of 5
e

vi ew of Wolst W%@”%ﬂ%ﬁ%‘?@??‘h‘&”gaﬁﬂgﬂﬁ% Ctﬁaé‘m Aythsr appRralifp & at us,
a cylindri cﬁindﬂbapﬁwape c: pffaérrr@dl TH&R Bayee beplaraJlltylbﬁHisIcﬁaﬁﬁe doagdiay ge

dui t h { t t
roduct s ar LgiF o3 F1roRebdfEHebhadnlsrt BRT RO frachen pedd et AP it s 1o
a singl e di bchacegralizeddmahpentienelthei teactiomathaneloersstar g singleakischange al

openi ngs i ncéﬁlﬁnh%lﬁég ]19 n%gqlekgfsa{rﬁ%%%%egéwﬂ% QQS ﬁ?ﬂiﬁem}%&fi from

one and t he sane irec Spra
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20 7 JAN Zo%u%ﬂngﬁé@g‘ﬂa ﬁgﬁh@%afh% A b &is‘&g?@ﬁéﬁucﬁttg&gﬁ‘ﬁﬁcé‘ﬁod g er nal

conbusti on engi nés i esel “engi nes, npr|5|n? t he

sprayi ng of €xhaust gases of other unlts than diesel engines of ships: it can be applied fo
diesel engines in general and even more generally to internal combustion
engines in general.

20



water m st into the exhaust gases by utilizing at |east one spray nOﬁéhﬁ,[ms
5 characterized byt hestepsof - spraying water m st into a reaction c e%
by utilizing said at |east one spray nozzle and thereby causing a negative
pressure in the imediate vicinity of the nozzle for sucking the exhaust
gases into the sprayed spray; 10 - nmaking water m st and exhaust gases to
react in the reaction chanber; and - |eading reaction products fornmed of
wat er and exhaust gases to a discharge duit. 2. A method according to
claiml, char acteri zedby 15 effecting said spraying by a
pressure of 10 - 300 bar. 3. A nethod according toclaiml, char act e
rized b@LAﬁﬂSaying t he mater nist i nsi de an exhaust pipe of the

i nternal conbusti on engi ne A nmet hod according to ¢claim1l or
characterized by 2b SpMaieg fPFIEPLWéY'EQ haust [gagfsapf I'@ﬁ@laiaﬁﬁﬂﬁ%ﬁtm ely

paral | el di e@gme@npmféfabwﬁehe@rw:ﬁegaﬁnef hrdthod. co?n;ﬁ’ﬁﬁi dh@%p?éﬁh@goit 0 any

f th di
Fggs? p:[art(:a ‘8? effﬁ%" Wg%%egﬁw$ogﬁsa8gr{“fl|zg§ &Btleaf’t Qnér?w\é:ygébggﬁhaust
f1ow patth bghtaeasute r orepd dwi tedsteys bhe 25 spray head. 6. A method for
purifying the exhaus&gﬁ%}ﬁﬁ\A%fterdhﬁé:‘tefntc?régk&f‘c"\tloﬂf ChéﬂbgﬁggC&REm&ngal ° famy

one of the preceding ying
ship's greyleagt &ne spiae neszlel @ndt therpbuerusing avamatlm‘aspreswremnaﬁpar at us

for purifyi mnédf%?él%klrgﬁrscﬁ’s’(héfnokﬁlbq:bF‘%clﬁﬁ’@%Ek%st%@!s@@%tﬂ%e sBF%JéE‘ gbl) y

di esel engines, the apparatus conprising a support structure
for hol di ngSRI®Y| east one spray nozzle (4, 4', 4"), the spray head being

arrangerd to spray wahﬁkmig Watbntraist hddeskisalsst to reéh@r mctey irdgétignnt hat
- the spray _hea spray head (4, 4', 4") the operation of which 35

creates a sﬂ&%’r‘gﬁf ERsi ng a negative pressure in the inmediate vicinity of
the 7 JAN 2005 11 spleayingemection phedudadoinned ohaabarar{dl8xhddst gb3ts toa

connect ed t&s@hé’ﬂg%%d%ﬁ.

2. A method according to claim 1, characterized by

16  effecting said spraying by a pressure of 10 - 300 bar.

' 3. A method according to claim 1, characterized by
spraying the water mist inside an exhaust pipe of the internal combustion
engine.

4. A method according to claim 1 or 2, characterized by

20  spraying the water mist in an at least approximately parallel direction with the
exhaust gas flow.

5. A method according to any one of the preceding claims,
characterized by deviating at least part of the exhaust gases to be
purified out of a principal exhaust flow path by the suction provided by the

25  spray head.

6. A method for purifying the exhaust gases of diesel engines of
ships according to any one of the preceding claims, characterized by
supplying a ship’s grey water to the nozzles to produce the water mist.

7. An apparatus for purifying exhaust gases of internal combustion

30 engines, preferably diesel engines, the apparatus comprising a support
structure (3, 3, 3”) for holding at least one spray nozzle (4, 4', 4"), the spray
head being arranged to spray water mist into the exhaust gases,
characterized inthat

- the spray head is a spray head (4, 4, 4”) the operation of which

35 creates a suction causing a negative pressure in the immediate vicinity of the



conduit (15, 15', 15") for receiving fromthe reaction chanber reaction
products formed of water and exhaust gases and for guiding them out pUANhﬁws
5 apparatus; and - the apparatus conprises fastening neans (1, 2, 1', 2',
1") for nounting the apparatus to a manifold of the internal comnbustion
engine. (Fig. 1,2,3) 8. An apparatus according to claim?7, characterized
in that 10 the spray head (4, 4', 4") is arranged inside a reaction

chanber (13, 13', 13") which conprises amn4 nlet opening (14, 14', 14") for
directing a flow of exhaust gases into the suction of the spray head,

i nsi de the gmagthead; chamber. (Fig. 1, 2,3) 9. An apparatus according to

fo spray in a direct Ten AP ab A hE 1P SeRardinedied fo uiRafei®aces
fromthe engpnouit (FD,g.151, 127) 3pr Ireceilingafpam athes reaciorrdi agntlwerc Ireaction,
characteriz WaP§ t | Iﬁ:en?s?%‘”ar ' i 0 a
muffl e cons@(ré)gﬁél?tlso%&d @evéﬁ?;&rﬂgog)ét wee tsﬁé]é)r?udf ?q?eaué%lﬁgtsdr‘lléj@t z|.JJl(j)nl?]&fz:tn t he
reacti o® chapRAtushanpd is 20 provided a flow space (11, 11') which conveys
the exhaust gases to thBeapgtrefus 86®PIiBEs (fAdtenikty ncnst e 2 eacti on ghgmber .
(Fig. 1, 2) _11. An_ apparatys accordi toclaiml1l0, c haracteri ze
g in that WAFNRY theappamibis faednanisicia Hernivsarisprabstian Sugine- (8- whi ch
is at a distage fromthe nuffle construction (8), the first wall in turn
appar at s accor di ngta! APRRraHg doEBRAAS o SRR Fic ir? g P2 by pandl
first vl | W)Spfgygleﬂdr(deé',t%')@)ﬁV@?Q@%@&i@%@tﬁe@ﬁﬁW shaotberi(8o13'hd3”)

di scharge ¢ [ A : papea [ Lhikill or
12: 50 ehay et Sorkiiles ot dherfing (B0, BRE A 1 SRR oy Sr et o

t the reaction chanber (13) 1s de
by a second®S$Rf NQ 19 Sygfianof Desnrarnheads & v@yrqawon&x@&t@f- diigdlict s
into the dsgharge conduit (15). (Fig. 1) 14. An apparatus according to

claim 13, characteréz din that the, firs and t he, sec I

) t . wal d |
o) Mot ot act oLb 7ER ArDagiie facgPiing 'S s ¢ Rla FRG A e 26V a8 bt 1 c.
(Fig. 15 1Sthefsprapbaadt(ds4'adlpiscamanded ©l spray 13 a dilextionttieat spesbdsrup/thbAN 205

12 discharge of the exhaust gases from the engine. (Fig. 1, 2, 3)

10. An apparatus accordingtoclaim7, characterized inthat
the reaction chamber (13, 13) is surrounded by a muffle construction (8, 8),
and between the muffle construction and the reaction chamber there is

20 provided a flow space (11, 11°) which conveys the exhaust gases to the inlet
opening (14, 14") of the reaction chamber. (Fig. 1, 2)

11. An apparatus according to claim 10, characterized in
that part of the flow space (11) is defined by a first wall (9) which is at a
distance from the muffie construction (8), the first wall in turn further partly

25  defining the reaction chamber (13). (Fig. 1)

12. An apparatus according to claim 11, characterized in
that the first wall (9) is arranged to convey the reaction products into the
discharge conduit (15). (Fig. 1) :

13. An apparatus according to <claim 11 or 12,

30 characterized in that part of the reaction chamber (13) is defined by a
second wall (10} which is arranged to convey the reaction products into the
discharge conduit (15). (Fig. 1)

14. An apparatus according to claim 13, characterized in

that the first wall (9) and the second wall (10) are cylindrical walls which are at
35 least approximately concentric. (Fig. 1)
15. An apparatus according to claim 13, characterized in



that it conprises a plurality of spray heads (4) nounted to the sup_ggrh
structure (3) in the formof a circle between the first wall (9) an 2005
second wall (10) and at a distance from one another, guiding plates (12)
bei ng provided between the walls, and the spray heads being arranged to
spray 5 towards the guiding plates. (Fig. 1) 16. An apparatus according to
claim7, char acteri zedinthat it conprises a nuffle
construction (8") and a conduit (910") coyyprising a first end and a second
end, the conduit being arranged inside the nuffle construction, the spray
head (4") btiahgit acorapisess iantpturalitypaf espfdyl "Hedust e mduthted etomiiid | Support
constructio ' L[S ofy. I A t risl an
openi ng (10§triﬂﬂ BE'E P%i f'ce)t?:lg wﬁg?“aéﬁé‘@&b[% E’%@r&%ﬂ {eh(? Q‘%ﬁg\%srﬁt w&aasng]gﬁ%oé%%%second
end of the WehdUi®) awd el asdistangeddonwiane anotharagstdipasplatesc §3?)gdetngeni ng.
(Fig. 3) 17 i l.al act r?g‘ae@ t hat
It conpr]i Segr@%ﬁ?&ﬁﬁéﬁé!?égrgélg,%%gtaggé(sgt@ ﬁgﬂﬂtyﬁ"ﬁg atﬁ"lf]aie supjﬁ)d(;rsf)llal?y
structurk (Pwarppt %éu‘ﬁéfgrrp@?esa( g d}e between the muffle construction (8")
ﬁndd tge_ condui t (91%)."A|) apgdrat’:l%s ac@bren@n@?c_lérn@{n enea A ﬁ@ﬁ'\,,i\ﬁf@ﬁ if%lfthab’

eads being, arranged In e I r,.re cti,ve tuhe " 1 C o]
eacti on chlFaREesen MU Sohe EudcreRET A cbBAE (9T dsortneb A HSE ¢ o
r i z e d iend28ndhat sebend | end,s plee ecqridiiif) bedmprarsamel bppidss trop emuffie
(100') for gdi I | ; | T S e
appar at us tﬁérﬁ)ﬁg’hdutg ﬂéﬁbeyggéaé, Réc:a(gm ﬂg%ll ?$i36%$§§69§$én%%§§a912%Eg{é"{:‘%:%’rdi ng
to cl ai 1R 18thecmaifie censtumionrand thet cansaitbieaicst epdrfige cooduit comprising wal |
(910'), whi j frnge P e t agtd

reaction chﬁ%gr‘é ngf% ) igg%r%%!ﬁ%tlglssachgﬁvgde?epdcrgﬁgu%)?ﬁg %g?é@i% Bﬁé)%é%’ An
appar at us a€edithg cosduitayhich o5 Pravded Mith; 3 @xbaust gag dischawipPPeritga
plurality ofFigpsay heads (4') nounted to the support structure (3') in the
formof a circle be{l n?‘n t he mtjffle Cﬁnst ucti.on 582" and 30, the vva‘ljl.(910')
and at a distance fronf BndPRHBMFPCT g'gsB’rg Medls SR G € hBaAESRTi i de

t hei r rEspetiatvie camyerisgsla0plurality cof Spray headsi @) ahaattedsto tA8' Juppdrt g. 2)
21. An appa r:di | 1% r e Lol din
that the [ uBLictinEE? i 89 B B Eiod idhwely s rilfeocsfiubfh (8 ik,
a space def feeePndidy (8d0fhandeatia distance, fremi enaipsether.gheapray heads bsing bei ng

i n comuni cairhAgedvirdiies Biett ieBpe&tive(fabls (£30”) which form reaction chambers.

18. An apparatus according to claim 10, characterized in

20 that the flow space (11’) comprises a bypass opening (100°) for directing a
portion of unpurified exhaust gases out of the apparatus through the bypass
opening. (Fig. 2)

19. An apparatus according to claim 18, characterized in

that the bypass opening (100) is in a wall (910’), which is arranged to guide
26 the reaction products from the reaction chamber (13’) into the discharge
conduit (15"). (Fig. 2)

20. An apparatus according to claim 19, characterized in
that it comprises a plurality of spray heads (4’) mounted to the support
structure (3') in the form of a circle between the muffle construction (8’) and

30 the wall (910°) and at a distance from one another, the spray heads being
mounted inside their respective tubes (130’) which form reaction chambers
(13). (Fig. 2)

21. An apparatus according to claim 17 or 20,

characterized in that the tubes (130°, 130”) comprise a curved portion
35 and they lead to a space defined inside the wall (810°), said discharge conduit
(15") being in communication with said space. {Fig. 2)



7 JAN 2005 13 22. An apparatus according to claim15, 16 or 20; <c¢ h aJAN%uﬁs
cteri zedinthat the spray heads (4, 4', 4") are detachably

fastened to a flange (7, 7', 7") of the support structure (3, 3, 3") from
whi ch they suspend and can be detached by lifting. (Fig. 1, 2, 3) 5 23. An
apparatus according to claim7, characterized in that the fastening neans
conprise an inlet flange (1, 1', 1 ") provided with an opening for

conveying the exhaust gases of the interng conbustion engine into the
apparatus, and a discharge flange (2, 2', 2") provided with an opening for
conveying the exhauz2. gAsesappéarabés t leccapfiagattos. cldfing. 15, 216 3)or102@4. An

t ' | t hat ,,
e at =, SCROPhAR P EH "o IR SGHST) AEd T, L0 il b
i nternal coi@stensdote arfliinge. (7( F'.g/")f ths. sum:oat ststdtoe {r3'pdr) fr9lmg’hmhhaust

gases of a”thb?ts%ﬁéhd ahd c%‘?n"igé'aéia'&ﬁeﬂfb@'lﬁﬁn Eguﬂrr@r yements conprising:

sprayin%rwate m st _creat ed a s ralngp re of" 10 to_ 300 bar into a
first po¥tion of the>-dX¥haRBAradsascaginatRuainy /ac ey Eaic/ ke bi éssdrie thabut

the sprayi nmeaméténmgl ﬂﬁ@ahbeccfrhpﬁée ROV tm@tnﬂgﬁgé he, ethdUﬁbrtﬁlﬁé@di witH @nt he

, d 20 h h
S8y "0 o 2BSeiRe Hht Soeted SREISKBDET 30eS g ihe JETER hor¥Birh Soghen >
gases. 26. iato Hppapparatud, @ndpadischarge e &, @a%’é)sprohded witht an mpkening
combusti o GR4bRfeyhiTEBRALI R COTRS LPIMCaGR B RURRG! 1 stapicture for

hol di ng at noz neans cre a spr y|ng pressure
of 10 t® 300 bar fof4.the amra’guSnanzqrémgt tee claimaz3.ne aeabemglarerr&n@md to

spray wat er gk $he iRic® frah@e ﬁxg@y%rng@&% bé’"f‘ﬁ‘srtéhéﬂ 9% SRIAYT w@xﬁaaﬁp

spraying pressyre create ction causing @ negative pressure in t
i mredi at e v'i"@?‘n‘fpidyoféhet"?f@”ﬁiFﬁwb}@t‘ﬁBfi‘lgﬁ‘e 4RW- Bei ng arranged inside a

reaction chamber which conprises an inlet opening for directing a first
portion of the, exhayst a5l S RN i 5eB88 24 e
portiorbof tdrabestirgusngigast® intprovgreats dgrppmng)ast t he reaction chanber.
35 27. An appar at usgf aLiAULALY WG Gelf by S%prafifig PROAAL GT 16ABPdhL
into a first portion of the exhaust gases for causing a negative pressure about
the spraying and sucking the first portion of the exhaust gases into the
spraying, and
20 guiding a second portion of the exhaust gases through a bypass
past the spraying for controlling flow resistance of the exhaust gases.

26. An apparatus for purifying exhaust gases of an internal
combustion engine, the apparatus comprising
25 ' a support structure for holding at least one spray nozzle,
means for creating a spraying pressure of 10 to 300 bar for the
spray nozzle, the spray nozzle being arranged to spray water mist into the
exhaust gases, wherein the spray nozzle and spraying pressure create a
suction causing a negative pressure in the immediate vicinity of the spray
30 nozzle, and being arranged inside a reaction chamber which comprises an
inlet opening for directing a first portion of the exhaust gases into the suction
of the spray nozzle, the suction being inside the reaction chamber, and
means for guiding a second portion of the exhaust gases through a
bypass past the reaction chamber.
35
27. An apparatus for purifying a gas flow, the apparatus comprising



7 JAN 2005 14 a support structure for holding a spray nozzle,- neans_for
creating a spraying pressure of 10 to 300 bar for the spray nozzl ef JAe2005
spray nozzle being arranged to spray water mst into the gas flow, 5
wherein the spray nozzle is a spray nozzle the operation of which creates
a suction causing a negative pressure in the imediate vicinity of the
spray nozzle, wherein the spray nozzle is arranged inside a reaction
chanber which conprises an inlet openingifor directing the gas flowinto
the suction of 10 the spray nozzle and the suction is inside the reaction
chamber, wherein thesoppet strocehafdrdioldingepamaytretzieg a di scharge conduit

for receiving from tion. ch er haust . gases, 1 st_and
reaction products #53'?%8%‘%? Ck%%'%%ggprﬁ?’@é §%§sg%] ﬁs 0 g@?@@ W%z?reﬁ? t he
reacti on chgpragmozgles the sprayetbdzie beimgrarrangeshi sprdy vettermisttinte tergdse and
the reactioffj,ghanber there is a flow space which conveys the exhaust gases
to an inlet opening of the reaction chanber, wherein part of the flow space
i s defirfed by a firgheigin theuspeay nezzle i a gprayateazle tisnopeeaticnel whighd

partly defigeatddg JiRash icalspaaarpegativd preisiiré e tHd mitedmits vidnify bRfged to
convey the reaction products 20 into the discharge conduit, whérein part

of the reacth'® M¥affber is defined by a second wall which is arranged to
convey the reacti onwhemihuchs sprap ndmlaiis anengedcivsilid &, resationf ehdrhiber

cirel e bet Rl hbldesan IRECYRARHA IZ RBHIG e Ban dBw, o HHERSar 0 51
one anctther thegpray ngzpleanssthedusfiopininsitsiticareaction thamher,| s, and the
plurality of spray {Rgaifthd badiod ERAEBEr eI ed WY Qécﬁgl‘ageg&’ér%d?g

| at es.
P for receiving from the reaction chamber exhaust gases, water mist and

reaction products formed of the water mist and exhaust gases,
wherein the reaction chamber is surrounded by a mantle, and
15 between the mantle and the reaction chamber there is a flow space which
conveys the exhaust gases to an inlet opening of the reaction chamber,
wherein part of the flow space is defined by a first walt which is at a
distance from the mantle and partly defines the reaction chamber,
wherein the first wall is arranged to convey the reaction products
20 into the discharge conduit,
wherein part of the reaction chamber is defined by a second wall
which is arranged to convey the reaction products into the discharge conduit,
and
further comprising a plurality of spray nozzles mounted to the
25 support in a circle between the first wall and the second wall and at a distance
from one another, guiding plates being provided between the walls, and the
plurality of spray nozzles being arranged to spray towards the guiding plates.



