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SYSTEM FOR PURI FYI NG | NTERNAL COMVBUSTI ON ENG NE EXHAUST GASES BACKGRCUND(®F,
THE | NVENVO@Yop6901] The invention relates to a nethod forrquvifioosig
exhaust gases of internal conbustion engines, preferably diesel engines,
the nethod 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 gasgs of internal conbustion engines,
preferably di esel engines, the apparatus conprising a support structure for

hol di ng at ISMSTEH@BMFMMIWERM SOMBUSTION ENGINE EXHAUSTUGASES spr ay
water mst into the exhaust gases. [0003] One objective in environmental

*‘protection i ns of conbustion engines. The
present net h%%égﬁ)%@gg@a soHEt I\R{E@Epﬂ educi ng the exhaust em ssions of

i nt ernal hcorﬁoulst i on [00Q1he ﬁrﬁmﬂ:bnﬂei@teb agle methesdilamtpmﬁymgl @Xﬁa@eﬁnt ain
*vari ous har st| cts ey i Qus. car

whi ch oxi di rsialséelsa% Vnﬁﬁaoﬁ? o%gpgmsdPBé}%B%bqY ﬁ%se 6’5‘9!‘1% "?r%HPﬁe

gr eenhou$e efm'enmsln@dUe\/&ﬂraylngs:fong|mlstcunﬂpothexhauslt |gaseerm()uhhiang atd

particul at egeg wtﬁ{é%ﬁ@ e burns, sul phur oxides SOx, typically S02 and
S03, are produce Xh contrl bute to the acidification of soil and the

production of snog. [BAPZhJheniveation duither ralalessts, ar arpasatushier murifygen gas
present in tduhatist gaéslios astekimal 'boﬁfﬁtﬁ&‘ﬁﬂncéﬁgﬁ‘?és Ni%feraswtduéslé|aédg\rné\é.0taad

NO2, which st tri.bute to th h

o fect and (ARPAEIE FITERASIEN Snbart et dor BElaiheat BHSLE? SPRYNAARe h.
f?r exarpl e. thé_rsgmgdnbzzie ,b]emg ahngduhto smayawater migtitgehe Imhaaatgméefsor mat i on
of nitrogen oxides t om di

engi nes gan be redu gggﬁ O'I?n%agmbsul p?\ ‘?hb'g‘%”tgf]rﬁ’ig eg:génsﬁ E%JF%PEE fuel
cont ai ns, tr@(hambrermssona@fsmrphustlmmsllr@ns Theopresenp oethbd eprovigiesba
produced in écf?ut'id??fdrer%duaH@( 178 ei‘hﬁl.isﬂ@nﬁQ&BnaB?%t@r‘ﬁ%PEém%sﬁbﬂ Bﬁgﬁle xi des
cannot be influenced

§ changes e conbustion proces 0006]
Di esel engines of sHOPQ4hLde J%'PQ‘Bere)ﬂlﬂqsﬁt%'ﬂ'§5'°ﬂ§c‘éﬁ'ﬂﬁﬁ'gV@@P%§ Qﬁﬂﬂfﬂlrrade

T ! i T e HSECE e
Nt rogen emeBbherfr i Gaben figridBatnal eor it e GhenhodE RBEBF rins
at a | ow povesd vblatthshlqmgamlbusomptpmmm | solidakempplinds ahdarparheulalasp Whkenhn
port, which g, Rabiiirhy SQBRhGE b3S 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 NOy, 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.
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WO 02/0.t099 2 PCT/FI 01/00650 [0007] The anmount of nitrogen em ssions of

di esel engi nes can be reduced by decreasing the conbustion tenperature. The
t enper at un® A0de decreased either by addi ng water into terga/fiuedossr by
sprayi ng an enul sion containing water into the conbustion chanber. By
decreasi ng the conbustion 5 tenperature, the anount of nitrogen oxide

em ssions can be reduced by about 10% A decrease in the conbustion
tenperature reduces the efficiency of theogengine. [0008] N trogen enmi ssions
can be efficiently renoved from exhaust gases with a catalytic converter in
whi ch a m xture of Joee7pmhe smheunti of rifogen aysissions of diesdl eabirgssem be

reduce nit rg}gﬁﬂcég b ec?ec‘r&aﬁh@rtR&%Bn?d“u@tuéS‘ﬁttSﬁwglé?ﬁﬂlﬁ T@ﬁ%@ératd:% caH *)

,appl i cation converters are ver xpensi ve, accoun
about 30% ofdecreasadyieitber byt adding waten imtor thej fuelaorgby sprapdng [an amulsIDOn a

catalytic c t; for
St i the SRRl faGH IFEaNE oty ﬂ{%@%efse%e@@%ﬁ%ﬂz%bﬁw@%"

di esel eRgi HeMpeRalyEe, taa@aowt@fmmg%amdg.erwglsmogscanktee tagused bylﬁb‘%}iistem

enpl oys nozzj(@s. Acl&drease waty cérﬁsttﬂ)rﬁf@ﬁ@Q’éttﬁé%aljﬂééﬂm@efficféﬁczfonKéaUSt
gases to separate products contained in the exhaust gases fromthem The

system al | o9 -bon in particul ar, but al so carbon nonoxi de) hydrocarbons
and 20 nitrogen oxi 0808} Nltmgemem\ssdnrfsrmn bbeeﬁamhamysterga\sa‘sfroBRéﬂEaust

DESCRI PTI ON sey_ﬁ JHW%EWC[QM?E“W@PE?I on oftq}gapéﬁé Lter is

i nvention t new,’ econom cal UI‘I aust gas
em ssi o9 ofsnfﬂYQﬂ intp thenfbiek gpses éndedese a\ﬁfpw@p@wdas ltg ni ag@n @ngewatesn

both two- st Wp%uandwwwerstrnol?ﬁaﬁh@ss l%‘étn@ﬁg' rlf‘afial ﬁépé‘&r'nférie‘:‘s db?ege\ller%/
engi nes of ship sol ution nte such tE 4t does n

compl | cat e tweaﬁy@hﬁp%afa@tmghggggaﬁ ot (% e@ing Goshaand gyAn yorg In
achi eve thi Ja@p eh“psvm aabmoﬁewmamuc tobﬁvenmeréquQsl@rmhﬁtrgamramcéy

sprayi ng water ut| sgi.d at | east one spray nozzle 30 and
t her eby cauéﬂfqﬂj{nt rpéﬁ pgdo & &@r%‘?n the i mediate vicinity of the nozzle
for sucHbng the exha[OGOQ]gaﬁsPatenb § 464 dpBaieathepraysystéma suekiicly dieseles

exhaust gasesdi, h‘éﬂ%{,ﬁééé%dal‘ Dbdhiteieusho HREIRP WAler, 3H-2 18 ABRRIST ot

S preferably rea e ressure and s raye yae t he
exhaust manifQAzesoto SPIEYNg eménto amanm -qoptaining 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.



-

- suction), whereas s

PCT/ FI 01 /OOGSO [0013] Preferred enbodi ments of the method of the invention
are disclosed in the acconpanying clains 2 to 6. [0014] To achi eve the
above- nenwioanadowbj ecti ve, the apparatus of the inventi on Fcy/rbwproast eri zed
in that the spray head is a spray head the 5 operation of which creates a
suction causing a negative pressure in the imediate vicinity of the spray
head. The negative pressure draws the exhaust gases toward the spray head
and gui des the exhaust gases into the watey spray coming fromthe spray
head. This allows for an efficient reaction between the exhaust gases and
wat er. 10 [0015] Thd00p8h{réfesdi empodineerdblof thermethed ohliedmventieacreon
chanber whi i i : i fiqrn directing a fl ow of exhaust
t%ﬂsé‘i&&&’i ) fébtdhngls wﬁiﬁln‘?&z.t% 9

‘gases into e suction. o S ead inside the reacti on chanber.
[0016] Preferred enB814khpachie Ahaveamgstiened phiechvathe@pparatus of

di scl osed i nthehpvaatemarvhargctetizédrsin 8hap tRS-sptay [HE3H]s MbkprayaREadtthaes of
‘the inveption for purdfyi i nternal conmbustion ‘engi ne,.exhaust gases, are
that it Ps fORSTAYOR GRWHIGIE roqiER orchian; GRYSHY cArllGatie cPIeSOUR 13 iNEan be
applied to dmsediate vicinity wilthe spiaydieanh Thegieyative pressums diaws ¢the erigauats of
shi ps, and t f Walelg S : t S
the fl ow of X e%u{s?)@\?agrgrs]ﬂgé gﬂ(’)@ ehég;él}?%gg %@8%}q%%ﬁ&gagpgﬁ%%)%ga@%a@étegs
provi des f orspiay e¢aminige firom ethenspiayr bead, Thisrallawsoffore ghaefficients egadtioom t he
engi ne. Mor %&%enttﬁé eﬂﬁﬁﬁ@'é&scé?ﬂ\ﬁa@&\lt he apparatus, with service costs

i ncl udeﬂ are very w. BRI Edi: DESCRI PTI ON OF THE DRAW NGS [0018] In the
fol lowidd, the i nved@P3RI Wiha sBEYBEad; Sepraferaghe Aianged weidsi A (gaqtion

Ir: ef erenclze_ lt?bﬁdtml@? wnﬁmdf icﬁﬁ‘{tir&e&r‘d) tihle;t m@?}q@amﬁ dmed_fr@\/\/bng_éw bfﬂe)ZQI‘ié@é“t :

igure 1 i str s,a firs odi nent of. the .invention; Figure

illustrates iaséé?Bﬁ&hsn%{?HPﬂéﬁ?P%gpwg“efaﬁ{/@ﬁ&dﬁ&h? r%?%}lﬂne(’:hoaml??rust rates a
third enbodi nent of [0046] Rvefetred emizoditheDESTof IhECapEGaRIs T thdl iltfentidh are

| NVENTI ON [ i nbodi ment of the invention.
The Figure gﬁéﬁsgﬁﬁ%@aﬁﬁﬁ@%ﬁgéﬁkﬁ%?g %%()_an exhaust pi_\p_e (not shown)
of a did9el engine dPOA7EMpior ordyantages i tendnantigas &y, puritying: igiesaal
engi ne conpridfBugtio?l thdgiht exhalistydidissdreRhaESis Falzf%ﬁgiglé’ afd aXipainsie tof

purifying 35 apparatuses .may .be provided. . 0 4 PCT/FI' (11 /0000
Po020] The et  BiRoiRvenion Banebe. Aepisdooaxeana MaalGOgRIStEn o
posi ti on whiaidygihes,ashwinhagtiosts dnghmed be shipisptandfthereforeo bnlyhmirehehisigess

t heappar at ueEoneadedt TOH AR JIRGSRR Tk T wb8fst Ghis B8 Muided s
space f@p i tdepireshrand thei gpparatusppryidsscfortameffisientxenars impryed, erooval
si deways devi@abgHa@itt géséé‘qti'émpﬁe”%ingme. %Pﬂ%@%r;%@é"o?e?%ﬁd Wsi of e

inlet.[0021] The apparatus conprises an inle
recei vi ngunRRRITARE, with-servicg £08!s INFFeHnarecYRIY MW- and a di scharge flange 2
t hroughwhi ch the purified exhaust gases are discharged. The inlet flange 1,
whi ch i s10shBRIEP&EBESQRIFPTION OFOTHENDRAWING@Sr e, conprises a nunber of
hol es forfastening t paratus to, an exhaust pip f the engine by
utilizing bolts (not@ﬁd%ﬂ)‘“ttgebf@"i"ﬂg& ttae 'FYHTE'OPhWﬁlhgﬁ .Scﬂgﬁgdf‘s@ﬁﬂ%{e
fl ange 25congetal et esferafdeotidiii@e RENBeiRicne ahd thBi aizorvarmgadiadhgsl an
exhaust pi pe_por.ti ont hrough which the purified exhaust gases are di scharged
fromthe shi'B."! [36022] Between the flanges 1 and 2 there is provided a
connecti ont hat al | owsigutee1 dlidstrates gdisstemibodimegtiofithe invemtiarhe i nl et fl ange
1 to thedischarge fl P folprogl suppor t
structure, generall ylfiggger%élhﬁ?%ﬂvﬁ %%g?@?@?gﬁ%:oménerghagﬁv%@ﬁ'a nunber of
spray heads 4 attachiigpm Bdlustratesrashirdgmbodispentref thednyerdiends 4 vari es
according to application; inthe solution of the Figure there are 10 of
them b0 a PETAILED DESCRIPTHONGRETHE INVENT$ON! so possible (in which case
suction and spreadi (r;&gducts_ may bearranged to produce a | arger area of

19p | Fguiend shews @ preferrad AmBodiment refythee lyentighe
spray heads thaFgfk shdwsran bpparatad tdBe Prsiifledto anfdxBBusl SipEYR6t SMGANY a
strong suctio Ic? tt]el r.i m;gdl ahe i Ci mft'ég-é%h@ Br essure 'tlﬁl%m thi g 10.to 300
bar, typical ?{)af 1B BRIC 25 3 S0P A BHsl 9RseR™ Hissel gngine
preferably atompesés t aoplwality esf aa)ahangtecbip?s,a’r[]yﬁi(;]aﬂygianmuablmy}@1’1 piutiﬂy:ng .
respect e : t ucture of the head may be forexanple |ike
t he one éﬁsc%@%%i&%r%gg%eﬁg@%me to the risk of clogging, 30the spray
head 4 is preferably sinple in structure. The spray heads arearranged in a
circle at a distance fromone another, and they are directed toproduce
substantially parallel sprays. Reference nuneral 5 designates a pipesystem
for supplying water to the spray heads 4. The arrangenent forsupplying
water into the pipe system5 is not shown, because it is easy for a35person

v o o . .



WO 02/ 0a099 5 PCT/ F101 /00650 is preferably used in the process. The
arrangenent conprises a pressure source (not shown) being able to provide a

pressure 9o @wsbwast 10 bar via the pipe systemb5 to the SRTEMIHEBSE.
Preferably the pressure source is a highpressure source able to provide a
pressure of at |east 20 bar and up to 100 5 300 bar. [0024] The spray heads
4 are fastened to the ends of rods 6, which are in turn fastened to a
flange 7 of the support structure, the spr@y heads being suspended fromthe
fl ange so that they produce a downward spray. The spray heads 4 can be

easi |y detached frortDDﬂﬁ] ﬂ’haragma?atbersl'@hl\fmhni RigureTHiis meurtéddaran exdhaugt by

R on 1 odiPe ot B BESIST Ihidk R advaitibedlis sl e boit B e obNfe binatr © 2
conpri ses a 988 t@ﬁ@ﬁef@mfeﬁ(ﬁm the mqmntlnga)fftheﬁppac@tuae he.t@tawleigmrqfdae wal |
9 arranged igsidiatustis rél%ﬁl\/QI? drha wnlegé?m PbadiPld fily b%auﬁﬁgga@gagenmqﬁnd)

s‘concentric c I|n |ca|_| 1lé| vihq{{ Bet vieen t he housi
first cyPindtiSEd tip P‘Pl“'e?' ust opses @ﬁ%é&deﬂ‘@yﬁcﬁe"lﬁﬁgrqqﬁ ed

exhaust gasesf.théipprintipaeeesust flow dirgctionandhé Itetsecond cyl i ndri cal spaces

nto a plral ity of DBALE T BRhRlsE ChsnisRs o8 opiet, e S Roe RedeFindlr  on
chanber 20 baipwgifipd osxhdedt gases droop ity engiee, andThdlisphialge fflaage 2 itroagh

fast ened to hien3REALR! 4yt B5bae 2R Wienbids SieirpdaRngR’s ficlisde

plates 12 an irst pass ed es
gui de pl18t esheywmmardy i gectiomie th?oFﬂQPF% ePaipgEey, atmwnbebéﬁtwﬁ fgz;s

ext endi ng t Fabfeirt meedspar@tu@tdiaﬁ@hnw@t p?p@@lfﬂge &riginedy dm;immbéltse(rvﬁl |
10. The functi on 03) purified

25,0 17
exhaust gasedWVold h@ @ﬁﬁ Hlee@ofﬁﬁ \%ﬁqlhaift? élgﬂg?r%rﬁom@ﬁ?sf frt her
toward the dicmEspogdirg pegera:tlonTﬂaaNmmhl dare e eattainet mmhaﬂétompermnmnt he

gases ent or IR RithithE viflod bt disestile disdliaigRh M thg'shivecy i on-of
princi pd® exhaust f I[OGIZB]aBI&tW%t'hQ flanges diandc2 thereds provddeda amneotion
exhaust gasepgt LEwA! ﬁfehé?ﬁﬁé% \Aﬁé%é},ghoq)e' ﬁw'd%eaFrSﬁln e ﬁ'Lett hén%@r@fo fads 4.

Seen fromthe directjon o e exRaust gases, the spr 4 are
| ocat ed bel dWEHAI9ed b"gﬁg?es of the guide plates 12, or on the sane Ievel as

L heé- tTEe gui de pl at[teezsjz e aipaaatuangdl;mpn@eé he smlpayt bgadl‘greé, g}ahiérétlpr ay
eaas us s I e | €sS.

/'00cs0 [ 0028 g hiETeftehie P%&?@ﬁﬂf%? NPT STy Resds & dtaodad

t hr ough 28n itheeatoopbei mgmhdr offtte spitayt heausnd nagries davondidg dé applicatiorgrina gap

14 bet ween ttp‘é %&9?&99}? the Ft@gr Sﬁ%fﬁ%ré"al'd ﬂ%éﬂdb%g Jditgllgmewﬁeré Q)P\ 9‘ The

bott om end r st reac I on ch
wher eby r eaciuftigiept @d@i@@aocrsgm&m.mhrph@aﬁ@e&mtl@n Et!'ﬁ’a%@ﬂ@'ﬂﬂr@%%umdb@ut of

the reactiomng (6 p&&mwa |&r rS&Ear&esLﬁﬂlBﬁ}“\hhé@aQtsdrﬁé s*éﬁitidh%‘ make
di scharge CocnodrrLl'bnse gozen P gg)rla?lcﬁy sOLf‘ﬂQ s%rgy? l’\eacjfs 4 are o Iypquat 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. In order to avoid the need to use the

valuable water from the fresh water tanks, water known as grey water in ships



to guide the reaction products out of the apparatus. [0030] The second wal l
10 of the reaction chanber 13 also guides 10 the reaction products forned
in the rewatazonowhanber 13 into the discharge conduit 15. Hermorm/éneso

di scharge conduit 15, the reaction products are guided to a place where
they do not cause any harm [0031] In the follow ng, the operation of the
apparatus of Figure 1 wll be described. 15 [0032] Unpurified exhaust gases
flow into the apparatus through the inletgflange 1. If the spray heads 4
have not been activated, the exhaust gases flow through the inlet opening
14 into theigliprefeaably opahiimghe 7prandss. rﬁhetarear@mhmmpnsesca @mrél ow

pass the di sm)gfh r f4

flow ng f ro%%'?ﬁée c¥et g%euquaﬁééﬂtob@ ar eQ%" % o?@ttlé%t 19%%5@)/(1 aust
gases are déxmtsaate@mﬁ tsxthmépr@v. headsalP r@f@rra byt they msw‘@hsowrﬁetlﬁ@ bighay
heads 4 haquréganeas‘duw@wb td PpRVIdE hipres@irbasitatabastZ0 par akd hppds1godr aws
unpuri fi 3@@?“ gases to themthrough the inlet opening 14. These
exhaust gas guided into the mst-like water spray of the spray heads
4. Thus the suction [0024]hEhe ppeay hesdbsq 4re faptéhed tovtHehende=ohmased, rwhich t he

exhaust 11 opredP Nt fESEhEN Bk Ranh O 1R SuoBBR SrdilineC gl 2prdl, RpE™
t her eby al | (hmm@wwenadecbfr«bhbﬂ\erﬂangee&q thah thayt pmducetaed@um\aastsmaseihand
the water. %?)%%%ah@% M?ﬁ Wée?é’éulg"@e}tﬁéhéd)fr%% PB& flaA Qrﬂfﬂreéléar{m{ | $Ri! "I‘l‘

smal | er era han f er ab

smal | er 1 haﬁ%@eﬁﬁm Wﬁ@pﬁmngo@@rfagt?rm a@@nﬁcﬁnahahm@ I%Er&tae ﬁe@w leml@
exhaust gases Figurt! inughicheves 81 arccrastared witkseswsosd'pr m ni tr Ogen acid. The

product s and the.r eJ002H T BRapRBG R HBTReR R pPlseliogthdling bt giet) o
+ p2 concentric cyliNdficaowald® alangediingidle it. Inside the cyllhml wall 835 WO

02/ 0099 7 P(;'F@ﬂ&%{éﬁ%gé)nd %génﬂ[ﬁ?a@hhméﬁa}éc rks already at room

t enper ature I've at a tenperature of 100

- 150C. 19he reactuor{oogﬂBetwe@mtthse‘mm 8 tandethr first cyijnddealavall 9 dherpos34]
Reaction (2)prdGipka il sﬁh&@adwcaan GHiiEd SRRIGHSEs. Sincesit is ot

desirabl e to have ni e IOXI n ex S cha
tonitrogen acid, cf[ bbi&:ﬁ?@\‘??% "ét Pga%‘ Sr@é\'&é“@i SQ@E q‘f& igo
formul a 3, nigroviged acsptdeScbﬂnpngmbygmda plet@ |1r2etrm1:ctimdedtthet spdcy Mtbaa3 is

bel d

S0 [0035] - AUSRIECoiSaRfgT Rdrb it 236heE o st 750 ot ieaBHES BaljiRs D
appar at 49 mhsaing ¢rovided s¥itmatsprayhead H’atTrseu guigienplatas ib%@me dastened to the

mat eri al sui ts%%ﬁdf\ﬁéll Y be BeAlEEn %ﬁé‘%elgde%ﬂ & ﬁa ei.uég sd125 ahartae

conduit 15 is forexaml e austenitic stainless st 003
i nvention i dirslwal 9a'§d13ft@dpa$5}?89t Brpkhatqn gd QﬂSP ates {]?()@Fe aBaj g

sel ef: ed to cﬂ%tbﬂbezfﬂ)“m ﬂh? rﬂ@gtge 7achéir bottbm éag@@éxtbﬁ@w@ 0 the, topydyee t ?f ?ﬁ

si mu aneous rmation o ro oxi de out .0 e
appar at s, 86 ibring, 7 v e L fiBowal Yo, The, ettt Be Yhefirobe
This is2& t eanmmaag di7 dsitatyprichan plsifigd exhalistrgpses 1atd1ﬁm£$pqnqoe3closed bydhe
easily be crgalqg EHGVfForfwt{h%ré‘%ﬁﬁeF fbv@é‘rdsf?{eaﬁgﬂhﬁgg flén wgrﬁér)] &’%?Z)& gSi nce

the reaction cLanbe
reacti ons arexhassl dasepifiew inside ﬂ\@ywéﬁrﬂr%m he §ﬁ@§r@ché'9nl%5 agliragtiondn. Due

to this, thewﬁneﬁnﬂfp%frmw%maaét éesi@ﬁfer%ﬁrﬂéi ﬂ*aﬁgEWSaidOWrétmoﬁSd;ém%e

bl d
o hor onl SIBEAIEIORIRY Ailiinal GxfeRse i EntE Sakn TS drdeta T oWt he
exhaust 3@as ethe(ﬂxhaubte gases)- tﬁe&hscﬁiﬁr@e openimgnts i lﬁ{o@(&%ﬁ&d‘nﬂeasmay dteadsof
Fgure 1 (ang SLBnrhd JiBh 3ot h SRRARE ghBaL RBUURAY hasarasr | no

ni trogen oxi de con sensor 1S use

wat er to t hdosaiedybelewdihestopuwedasas pEtheaguidedplatas byregan4 ﬁgmm&\«ﬁétaér

.pressure. r e v ; ! ow
or when the Solp 1S ¥ e ﬁéﬁ%ﬁﬁ;ﬁ”é&%ﬁéé ke

significant.ng WSQP&N'BQ@‘% Pa&Sbodi nent of the invention.

I nthe Figure) the same reference nunerals as in Figure 1 are used
forcorrespondi ng el enents. [ 0040] The enbodi nent of Figure 2 deviates from
the one in Figure351 in that a portion of the exhaust gases flow unpurified
t hrough bypassopeni ngs 100" provided in a wall 910" toward the discharge
flange 2'. WO 02/ U-4099 8 PCT/ F101/ 00650




Conmpared with the arrangenent of Figure 1, this arrangenent provides the
apparatus with a different kind of resistance towards exhaust gas fl ow,

whi ch nmaywipa2adwant ageous in certain types of diesel engi rea/Kibvesst r oke
di esel engines). The nunber and size of the bypass openings 100° may vary
fromb5 those given above. [0041] The apparatus conpri ses seven reaction

chanbers 13' fornmed of tubes 130" provided with inlet openings 14" which
al I ow unpurified exhaust gases to be suck%p into the reaction chanbers by
i npact of the spray heads 4' (suction inpact). The tubes 130" are curved,

i.e. they conprise J0028F Unpedfigdrdrhanst gaseyaintsr §1y poctiohothdmBerPnay
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.ships: it can be appyjhed i@ Higsel_angiegs in general and even R e
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NO + Oy ——m—mmmememmees] > NO, (2)

35 NO; + Hz O -—--mmemmmm- > HNO; + X (3)



WO 02/ 0099 PCT/FI01/0U SO 10 CLAIMS 1. A nethod for purifying exhaust gases
of internal conbustion engines, preferably diesel engines, the nethod
conpri si ngotobmiwpr ayi ng of °~ water mist into the exhaust gesasoigesotili zing
at | east one spray nozzle, 5 charactarized by spraying water m st by
utilizing said at | east one spray nozzle and thereby causing a negative
pressure in the immediate vicinity of the nozzle for sucking the exhaust
gases into the sprayed spray. 2. A nethodzaccording to claiml1.
charactarized by effecting said spraying by a pressure of 10 - 300 bar. 10
3. A nethod accor di 18033 Reaiction (1y works ralreadytataraom tempedature, siputaitiisg t he
wat er m st igfsd; ' | r onfyesh engy 4. A
.met hod accorsl _ﬁg%@@cﬁ‘gﬁ%gﬁbgétghérﬁﬁerﬂay% (?agO(:f iz Ee:' gmgy%ﬁgggilﬁg t he
wat er mi st ienigantheqalissithg xhausteasasargdioll | el direction with the 15

exﬂaust gas flow 5.[0684FRBAGtGT ¢DWbike Wéll ai¥adnat fRdorh RBmiperstarh NBingkai s,
C ar C

g d by devi.at t. t f the, t
L U e
by the sp][ ayitnegeh a2id, &f. wactiohdormula (ﬁ;urlhfthbn@abﬁlg) acbanding gafermudd i esel
engi nes o :
£r9reT o HHBged LR B M SRPRIndREad R RREEE AT B efieled b 2 ©
t he water nipfeduce niiegepraideifectivaly plieady aha tempeanaturegef¥X Cof i nt er nal

combustion engi nes, (g %ﬁgg@éuﬁfibﬁ% nffieRCacid AR AL ¥ ritSidfy a
sluppo'r't165 sﬁructur ZS, , 3 c])cr ol di n% at [east One spray nozzle (4,
4", 4") 10t hdhe gpparaiys sustihg mgdgofdnateralsdhapsustainiittegen geid. iy material
Pz, SoEeEBtc e bl 0 0 guser Tt S AR o v o
nggat i(vé pr éeggﬂ‘}pée iaHsfeﬁﬁth Wﬁ?sas[ %te9|'ci nity of t hesgpr ay heag.s (I%i g- 1, 2,
3) 30 8. An apparat L[@O&&}:wruﬁqjmeg invehtdnmis’beioghappliedathe tenaperature ie thei n
(20100, SBselinLabhodt 1a%) bBoRl 1988 15 el oAt ol RN, (12
fl ow of TexhAaveidigaskaweyrro atsimulianesen farmatine efpritipger ayidesribatiwouldebe
et on Shagtey o b ceperher sy Seyfagauabistes gl oot abore .
could be swtagle. rJI'hls Is a tempera%ure mPnerentIy 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.



PCT/ FI 01/ 110(rsO the spray head (4, 4', 4"} is arranged to spray in a
direction that speeds up the discharge of the exhaust gases fromthe

engi ne. (W@o2/ko992, 3) 10. An apparatus according to clai n@yr@itosdor a c t
ari zedinthat to the reaction chamber (13, 13', 13") is connected to
a discharge conduit (15, 5 15', 15") for receiving fromthe reaction
chanber reaction products forrred of water and exhaust gases and for guiding
t hem out of the apparatus.{Fig. 1, 2, 3) k1. An apparatus according to
claim10, char actar i zedinthat the reaction chanber (13, 13')
i s surroundeCompasedmith thec arahgecienbiof FBguré01 8this aanadlgbﬁiememotnhesrthéf | e

57 whi o CERREaARR A MRIAIESY rdcifiafior Yollorls St oe8 i WRigh™ e
reaction chaf@¥rbe @evgntageoms in2centain dypes af (eselcengines (t\m-etrakmdueselc h a

ractar d t I '
first wall Wa;%})gir\}ﬁ C-Fh@ ﬁ@@bgpﬁadggeﬂggéf%aée%@%@ ;Iaogonsp \;L%?I on (8)

the firsP S‘?H'V@Grﬁp‘?‘{%ther partly defining the reaction chamber (13).
(Fig. 1) 13. An apr[ampsrree:cap*pélramt combfses lsbven Pedctiona chambers 132 e d

that th f du t
the. i schar 2T DSl tHbes 210 hepjAq ik, et SHeitos, 18, W, aRdy Sk a1 ai m
12 or 13, c éxhaust gased tabe sucked intoitime rdsamlopa:rhamﬁersfb@/mpmt pbthecspaiper

13) is defi Dy : t

Feabt on pr dgods ¥, SRUABAIRY, Tkt T3y %ff?%“ﬁ%ﬂ e. %f%ﬂ*x e
appar at 19 acatved pgrian, ém%watqrzspraymframrtha spray geads 27t gsdn ing 2Be wadltoft he
first wall (@ t@B@s e ARERNMBOMKE ceﬁﬁéctéa%@yéﬁaaérémsm &éﬂ@bﬂ@we at

| t {e t

o m 14 o heabatidmced oot Wiich ls ddtmed 1atbe CopkbScaas 0 llava9HEHoRf
spraly hgads p(réﬁiuuteuotlmlguutldmmtauptmechargmcmﬁultm% 3Themm1iﬂﬁeorf off meolfd ubes
circle bet t S e an at a

di st ance f\rl\gﬁébongﬁ t%%i?ﬂlaﬁh?'&?’%bsanﬁat gin ﬁ%ﬂpaglgl g{a Jﬁ\'ﬁ %é%f Bat Wb e net he
wal |'s, dAd terebedmentiofdigureei.ng arranged to spray towards t he gui di ng
plates. (Fig. 1) - Ygo4 Ag%%%r@é Hﬁ?%%fd?fodfrm lflg%lfé 2'1?%]%raghléaasr4 aﬁt a

ri zedinthat it conprises e constru uit
(910") conpri&FAgaregoyeq fore rﬁlara Hange 7sde whicl Hey are:fasierrd (theesargws

arranged i ns@eré ipsttEvidE an@Rs Todd 6ORegdther athade Bsg?aéfohéaast Ee'aﬁ@ nﬁéaanged
e

[nto 8 pace (I P eeh e B0 008 LT L0 et o an
openi ng 2010Mecaiuse alpersonisikiled ihltevadfis papalbleed deslynirgg ogeses to the second
end of the conduit vgpg8) Fiyutt %/5H6Hs W fitaBBS&GREH Hafie UspaAESrAREN NO-
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 2". 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



(Fig. 3) 5 18. An apparatus according to claiml1l7) char actari z e
dinthat it conprises a plurality of spray heads (4") nounted to the
support siviguRige® (3") in the formof a circle between theaywifihi/ensso
construction (8") and the conduit (910"') and at a di stance from one

anot her, the spray heads being arranged inside their respective tubes
(130") which formreaction chanbers. 10 19. An apparatus according to claim
11, char actar i zedin that thegflow space (11') conprises a
bypass opening. (100') for directing a portion of unpurified exhaust gases

out of the mmeampamyindchclaingb. The positissob ffenidisghatde gpeBing207 ofiFigpmead at us
di . . _ . .

opent ng {1007 Hetiotdhe byhaRecorfhrind 1807 of Floufe 2, (0 GXaiBR, AV VARRRRE | o,

products frdmber pbihe idischaigetand bumass opemingsanay siehsr the sbapriiof thes' ) .

Fig. 2 21. i t i s d
(Fig. 2) 21apharalednay e aishie thebhbmh 31%r?,23§l’i1® n fof Inepbirit of © 4

in that Lt conprises. a plurality of spray h no e o)
20 str ucbur digwg-of the, fip .a'?‘ﬁmﬁ ngfqgtwg%lga %m@eﬁe@ﬂ@gré}fthP@%ﬁ%W%Eti on
(8') and t heyliaddicdl $hRpk isnstefartedh THesé anAE ber ® pluraktyasfodiseliarge hsorgivitay

heads bein t etk NS helr | ' ich form

reacti onI c%éggﬁseﬁg%ﬁhgﬁﬁ 3% ﬁ?‘g@"?‘%ﬁﬁ%g’&%ﬁﬁ?ﬁggﬁ%})g’m@&fﬁ 3rec§‘é'|dﬁ918 or
21, 25 c¢ h dnrazentmalized manner ffom thehaeactlon chbrmbe(d30'a siyge )dischargese a
curved porti d i LRSi 3 d.:
said di gc hardggld?ghmlﬁf"éfn(ﬁlgﬁfin%ﬁp%@%ﬁ%%o%h?%@ﬁ %’%@aﬁpﬁhé Ifg%%g% Fi g.
2) 23. AR aftul theusagtien papdicts 628 bg rpmaeyedifromrone and the samegplace. Zhe | 2
Flange (7. 4 Rlon e gy Heads 4 it ey ST ARRGIPR I Rt e
Suspend. and by hstntcdouBietd DhSTause e e gras Tatiltgté the TRmavs) of dhes
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02/ U-1099 13 PCI/ F101/ ?'openl ng for c nve%ll ng e exhaust gases of the
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2", 2") provligssl @hgihegrinogemeray ahdr eesn veorengehdriligxtoaimérnansemustionf the
apparatus. (Fi 26. An apparatus according to claim25, ¢c har a

ﬁﬁ 1i 2 3%“
ctari zDWHNIER! the inlet flange (1 ") is forned to be fastened

to a si @ of the exhaust manifold of the internal conbustion engine. (Fig.
3) .A3l.AY.Le. ABL. AY. . Al .L.AL. Al.9. AU9. AULR. AFAL. AFA9. A9" . ALULO !)9w
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10 10 of the nozzle for sucking the exhaust gases into the sprayed spray.

2. A method according to claim 1, characterized by
effecting said spraying by a pressure of 10 - 300 bar.

10 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
spraying the water mist in an at least approximately parallel direction with the

15  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
spray head.

20 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
engines, preferably diesel engines, the apparatus comprising a support

25 structure (3, 3’, 3”) for holding at least one spray nozzle (4, 4', 4”), the spray
nozzle being arranged to spray water mist into the exhaust gases,
characterized in that the spray head is a spray head (4, 4’, 4”) the
operation of which creates a suction causing a negative pressure in the
immediate vicinity of the spray head. (Fig. 1, 2, 3)

30 8. An apparatus according to claim 7, characterized in that
the spray head (4, 4', 4”) is arranged inside a reaction chamber (13, 13’, 13”)
which comprises an inlet opening (14, 14’, 14") for directing a flow of exhaust
gases into the suction of the spray head, inside the reaction chamber. (Fig. 1,

2,3)
35 9. An apparatus according to claim 8, characterized in that
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opening (14, 14’) of the reaction chamber. (Fig. 1, 2)

12. An apparatus according to claim 11, characterized in
that part of the flow space (11) is defined by a first wall (9) which is at a

15 distance from the muffle construction (8), the first wall in turn further partly
defining the reaction chamber (13). (Fig. 1)

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

20 14. An apparatus according to clam 12 or 13,
characterized inthat 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)

15. An apparatus according to claim 14, characterized in

25  that the first wall (9) and the second wall (10) are cylindrical walls which are at
least approximately concentric. (Fig. 1)

16. An apparatus according to claim 14, 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 first wall (9) and the second

30 wall (10) and at a distance from one another, guiding plates (12) being
provided between the walls, and the spray heads being arranged to spray
towards the guiding plates. (Fig. 1)

17. An apparatus according to claim 10, characterized in
that it comprises a muffle construction (8") and a conduit (910") comprising a

35 first end and a second end, the conduit being arranged inside the muffle
construction, the spray head (4”) being arranged into a space (11”) between
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haracter | zed in that the spray heads (4, 4, 4") are detachably
30 fastened to a flange (7, 7', 7”) of the support structure (3, 3’, 3”) from which
they suspend and can be detached by lifting. (Fig. 1, 2, 3)
24. An apparatus accordingtoclaim7,characterized inthat
it comprises fastening means (1, 2, 1, 2’, 1”) for mounting the apparatus to a
manifold of the internal combustion engine. (Fig. 1, 2, 3)
35 25. An apparatus according to claim 24, characterized in

that the fastening means comprise an inlet flange (1, 1’, 1”) provided with an
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5 that the inlet flange (1”) Is Tormed to be fas ened to a side of the exhaust

manifold of the internal combustion engine. (Fig. 3)



