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to a met wo okor3oes eani ng exhaust gases from a conbusti onPemgieea0199n whi ch
met hod humd air is fed into a conbustion chanber of the engi ne, whereby a
m xture of gas and aqueous mst is fed wwth a spray head into a space that
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purpose of the apparatus is to prevent power and efficiency of the engine from
declining when the temperature is high around the turbine, as is the case on
hot days.

[0003] One aim of environmental protection is to reduce exhaust
gas emissions from combustion engines. The present invention provides a so-
lution, by which exhaust gas emissions from diesel engines, in particular, but
also from other combustion engines will be reduced.

[0004] Exhaust gases from diesel engines contain various harmful
combustion products, of which oxides of nitrogen, i.e. NOy, are the most harm-
ful to the environment. The oxides of nitrogen considerably contribute to smog
formation, green house effect and soil acidification as well as retard the growth
of forests, for instance.

[0005] The diesel engines of ships are great polluters of air. Accord-
ing to an American study, published a few years ago, 14% of the nitrogen
emissions in the world and 16% of the sulphur emissions originate from marine
traffic. Soot/carbon emissions from the diesel engines, which are produced
most when the engine runs at a low power level, also pose a problem. Consid-
erable nitrogen emissions are also produced when the engine runs at a low
power level. Typically, ship engines are run at a low power level when the



erable nitrogen em ssions are al so produced when the engine runs at a | ow
power level. Typically, ship engines are run at a | ow power |evel when the
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consi derabl e problem al so when the ship is in port. [0006] In diesel

engi nes, nitrogen em ssions can be reduced in a known manner by | owering
the conbustion tenperature, whereby em ssions are reduced whil e being
produced. The conbustion tenperature can e low ered in a variety of ways.
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therein are relatively large, and consequently they do not vaporize quickly and
readily. Quick vaporization of the drops is a prerequisite for lowering the emis-
sions and making the engine run smoothly also in other respects.

[0008] The use of an aqueous emulsion in fuel reduces nitrogen ox-
ides without that the amounts of carbon dioxides would increase. According to
some studies, the obtained results are not so good as those obtained by a
method, in which water is injected into the cylinders. However, a problem with
the “aqueous emulsion method” is that a sufficient amount of water cannot be
mixed with the fuel.

[0009] US patents 4,459,943 and 4,411,224 disclose systems for
feeding gas and water mist into the intake air of a combustion engine. The
amount of gas and water mist are each increased directly proportionally to the
load of the engine.

[0010] An alternative and also complementary method to air humidi-
fication is to remove exhaust gas nitrogen emissions with a catalytic converter.
With the catalytic converter the oxides of nitrogen are reduced to nitrogen and
water vapour by spraying a mixture of urea and water into the exhaust gases.
The catalytic converters reduce nitrogen emissions efficiently but in naval ap-
plications they are very expensive: they cost about 30% of the engine price



fication is to renove exhaust gas nitrogen em ssions with a catalytic
converter. Wth the catalytic converter the oxides of nitrogen are reduced
to nitrogwo candoiat er vapour by spraying a m xture of ureeTame/opdoer into
t he exhaust gases. The catalytic converters reduce nitrogen em ssions
efficiently but in naval ap- plications they are very expensive: they cost
about 30% of the engine price WO 02/073013 PCT/FI 02/00199 3 and in |large
engi nes even nore than that. Moreover, imga ship the catalytic converter
takes a | ot of space and considerable operating costs are incurred from
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small dropiets, which vaporize easily and quickly, binding large amounts of

energy and lowering the temperature of combustion.

[0013] When the method of the invention is applied to a piston en-

gine, and in particular, to a diesel engine, it is recommended that the mixture

ratio of the mixture containing gas and aqueous mist is changed such that the

amount of the aqueous mist is increased in said mixture as the engine load

increases to a given load level, the motor running at partial power, and the

amount of gas and aqueous mist is reduced in said mixture as the engine load

decreases such that the load being high the absolute amount of water is in-

creased with the load. Thus is obtained a desired drop size that cools the en-

gine optimally as the engine runs at partial power. As the engine load exceeds

said given load, it is recommended that the gas supply is substantially discon-

tinued and the liquid supply is continued, whereby the amount of liquid sup-

plied is typically increased as the engine load increases. The reason why it is

possible to discontinue the gas supply substantially or completely at high loads

is that the temperature of engine charge air is so high at high loads that even

relatively large water drops will vaporize easily.



said given load, it is recommended that the gas supply is substantially

di scon- tinued and the liquid supply is continued, whereby the anount of
l'iquid supoplorads i s typically increased as the engine | o2dTimey®awes. The
reason why it-is possible to discontinue the gas supply substantially or
conpletely at high loads is that the tenperature of engine charge air is
so high at high | oads that even relatively |large water drops will vaporize
easily. WD 02/073013 PCT/FI02/00199 4 [P14] As snall droplets vaporize,
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the m xture abk qazardous, explosive evaporators. This is because a risk of explosion
occurs in conditions of high pressure and high temperature combined with a
corrosive environment. There will be no need, or at least the need is substan-
tially reduced, to install catalytic converters. In addition, the investment and
operating costs of the method are low.

[0018] The apparatus of the invention is characterized in that the
apparatus comprises control means for controlling the feeding amount of the
aqueous liquid from the feeding means and control means for controlling the
feeding amount of the gas from the feeding means such that the mixture ratio
of the gas and the aqueous mist to be fed can be changed according to
changes in the engine load.

[0019] The gas feeding means advantageously comprises a com-
pressor. Gas feed of the compressor is easy to adjust accurately to meet any
particular need.

[0020] The liquid feeding means advantageously comprises a
pump. The pump is arranged to feed the aqueous liquid at the pressure pro-
duced by the gas feeding means. The pump is a piston pump, for instance,
whereby the pump pressure automatically sets to the pressure of the gas feed.



of the gas and the aqueous m st to be fed can be changed according to
changes in the engine |oad. [0019] The gas feedi ng neans advant ageously
conpri seswe@ weomoipressor. Gas feed of the conpressor is e@Sy/H@/@KYuUSt
accurately to neet any particular need. [0020] The liquid feeding neans
advant ageously conprises a punp. The punp is arranged to feed the aqueous
liquid at the pressure pro- duced by the gas feeding neans. The punp is a
pi ston punp, for instance, whereby the m@np pressure automatically sets to
the pressure of the gas feed. WO 02/073013 PCT/FI 02/00199 5 [0021] In sone
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e readily motunted in a small space witfiout having to make major changes in
the engine. In addition, the investment and operating costs of the apparatus
are low, and there is no risk of explosion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] In the following, the invention will be described in greater de-
tail by means of two preferred embodiments, with reference to the attached
drawing, wherein

Figure 1 shows a first embodiment of the invention;

Figure 2 shows a second embodiment of the invention;

Figure 3 illustrates an essential component of the invention;

Figure 4 shows an exhaust gas washing device, which can be ap-
plied to the embodiments of Figures 1 and 2.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Figure 1 shows a large 6-cylinder diesel engine of a ship.
The engine is provided with a charger 1, which feeds pressurized combustion
air into suction pipelines 2. In order to reduce nitrogen emissions from the en-
gine the suction pipelines 2 are provided with a spray head 3, which is ar-
ranged to feed a mixture of gas and water mist into the suction manifold,
wherefrom said mixture passes into the engine cylinders 4. Because the mix-



Figure 2 shows a second enbodi nent of the invention; Figure 3 illustrates
an essential conponent of the invention; Figure 4 shows an exhaust gas
washi ng oweies73omhi ch can be ap- plied to the enbodi nent s Pafi/HF2g01®s 1 and
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pipelines 2. The number of nozzles 5 may vary. In principle, one nozzle may
be sufficient. The spray head 3 is of the so-called twin liquid spray head type,
into which gas and liquid are supplied separately, and the gas and the liquid
mix inside the spray head prior to spraying the resulting mixture out through
the nozzles 4 as mist.

[0027] In the case of Figure 1, the gas supplied to the spray head 3
is air, and consequently the reference numeral 6 indicates a compressed-air
compressor. The air is supplied along a pipe 7 into the spray head 3. The
pressure can be 30 bar, for instance. The reference numeral 13 indicates an
air pump, the reference numeral 14 indicates an electric motor, the reference
numeral 15 indicates a filter and the reference numeral 16 indicates a back-
pressure valve, which prevents the medium from being transferred from the
pipe 7 into the pump 13.

[0028] The liquid to be supplied into the spray head 3 is fresh water
or aqueous liquid with a high water content. In practice, the water content is 95
to 100%, in which case values close the upper limits of the range are typically
chosen. Advantageously, the liquid may contain anti-corrosive additives or a
deliming agent. The fresh water is fed with a pump unit 8 from a container 9
along a pipe 10 to the spray head 3. The pump unit 8 comprises a piston pump



[0027] In the case of Figure 1, the gas supplied to the spray head 3 is
air, and consequently the reference nuneral 6 indicates a conpressed-air
conpressowoO 0zhoesoas r is supplied along a pipe 7 into the spCaylieaatw3. The
pressure can be 30 bar, for instance. The reference nuneral 13 indicates an
air punp, the reference nuneral 14 indicates an electric notor, the
reference nuneral 15 indicates a filter and the reference nuneral 16

indi cates a back- pressure valve, which prevents the nedi um from being
transferred fromthe pe 7 into the punp 13. [0028] The liquid to be
supplied infd mﬁea@ple&gnm@momz,swm%ﬁpmﬂeg speed agider sonirgladdoynceon- a
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let size of 200 mlcrometers at most, preferably less than 100 micrometers and

more preferably less than 50 micrometers. Said drop size values indicate the
size of all drops, and not an average size, for instance. The higher the operat-
ing speed of the diesel engine, the higher the speed at which the pump unit 8
is driven, whereby the amount of water to be fed into the spray head increases.
The pump unit 8 can be controlled in a variety of ways, depending on the con-
trol means employed. One method is to make the operating speed of the pump
11 dependent on the operating speed of the diesel engine. The control meth-
ods are obvious to the person skilled in the art, and therefore they, or the pump
control, will not be described in greater detail herein. The amount of water to
be fed into the spray head 3 thus depends on the operating speed of the diesel
engine and its momentary power. If the power is high, more water is fed. The
amount of water to be fed is roughly 0.5 to 2.5 times the amount of fuel to be
fed into the diesel engine. For reducing nitrogen emissions, it is particularly
important to feed water when the diesel engine runs at a low power. The
amount of air to be fed into the spray head 3 is constant, or it does not change
significantly according to the operating speed of the diesel engine when the



| et size of 200 mcroneters at nost, preferably |ess than 100 m croneters
and nore preferably less than 50 mcroneters. Said drop size val ues
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closes the ¥ahgy ol tH§ehiBn installed in the diesel engine. In the embodiment of
Figure 2, like reference numerals refer to like components as in Figure 1. The
solution of Figure 2 differs from the solution of Figure 1 such that the medium
to be fed into a spray head 3’ is heated (preheated). The heating is imple-
mented such that a pipe 710’ is arranged in a gas flowing space 31’ in the ex-
haust manifold 30’ of the diesel engine, where the hot, flowing exhaust gases
release thermal energy to the medium, i.e. air/water mixture, flowing in the pipe
710°. Because the medium in the pipe 710’ is preheated, the mixture sprayed
from the spray head 3’ does not cool the humid air to be fed into the engine
excessively. Naturally, the level of preheating is adjusted according to the op-
erating conditions. The gas flowing space 31" may comprise a hot water con-
tainer, which is arranged to receive heat from the exhaust gases of the com-
bustion engine.
[0034] The embodiment of Figure 2 differs from the embodiment of
Figure 1 also such that the air and the water to be fed into the spray head 3’
are mixed prior to feeding into the spray head. Thus, the structure of the spray
head 3’ can be simpler than that of the spray head 3 in Figure 1. Mixing mainly



water level in the container 9 has risen to a given level. [0033] Figure 2
shows a second enbodi nent of the apparatus ac- cording to the invention

i nstal | eaowDr2ptB®13i esel engine. In the enbodi nent of Fi geca/F92/doidee
reference nunmerals refer to |ike conponents as in Figure 1. The solution
of Figure 2 differs fromthe solution of Figure 1 such that the medium to
be fed into a spray head 3' is heated (preheated). The heating is inple-
mented such that a pipe 710" is arrangedQ n a gas flow ng space 31' in the
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pi pe 70, frohewevice Qﬂﬁlgur@rfe ls:mﬁenmcb@rmmwu@l an leﬂfie e Rée exhaust mani-
fold 30, 30’ by means of a flange 80. Alternatively, the flange 80 can be omit-
ted, and then the device is arranged inside the exhaust manifold so that the
exhaust gases flow through the device. Upstream of the flange 80 there can
preferably be a baffle (not shown) which enables to adjust the ratio of how
much of the exhaust gases are led into the flange 80 and how much are al-
lowed to pass in the manifold 30. Washed exhaust gases flowing upwards in
pipe 70 can through a pipe (not shown) be led back to the manifold 30 up-
stream of the flange 80 (and the baffle if such exists). Thanks to removing ni-
trogen oxides from the exhaust gases, the combination of the washing device
of Figure 4 with the apparatus of Figures 1 and 2 results in a system by which
the emissions, in particular, nitrogen oxide emissions are rendered very low.
The apparatus of Figure 4 also reduces sulphur emissions substantially.

[0037] The invention is described in the above only by means of two
examples, and therefore it should be noted that the invention can be imple-
mented in a variety of ways within the scope of the attached claims. Hence, the
gas to be supplied into the spray head need not be air but it can be any other
gas, for instance, washed exhaust gases originating from the engine. In the
latter case, the temperature peaks of the engine will be lowered, because the



shown) to the nozzle 3 and 3' (see Figures 1 and 2). The reaction products
of the water m st and exhaust gases are discharged froma flange 100, from
whi ch t hewoa@aworiooh products can be conducted away al ong aPpiTfR02(ao9 shown).
The device of Figure 4 is intended for mounting on a side of the exhaust
mani - fold 30, 30" by neans of a flange 80. Alternatively, the flange 80
can be omt- ted, and then the device is arranged inside the exhaust

mani fol d so that the exhaust gases flow tthrough the device. Upstream of
the flange 80 there c referably, be a baffl not sho whi ch enabl es
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Figures 1 and results I n a system by iC the emssions, in“particular,
nitrogen oxingatashwvikpprsingle spEayBead very | ow. The apparatus of Figure 4

al so reduces sul phypogdj TakAnsthodbahdBbpatdis chR@&Pd béhippliedastdther &s-
described in th% aboviﬁinl ) _qﬁans ﬁl two exanpl es,. gqg éneref re it
shoul d be rdngs thandiesed snginss: (tha oy OfeCqmiius- ligdi e QUOLBYLIE: §Nof
ways Wi t hi ngihbe andaps tafbihé® att ached cl ai ns. Hence, the gas to be
supplied into the spray head need not be air but it can be any other gas,
for instance, washed exhaust gases originating fromthe engine. In the

| atter case, the tenperature peaks of the engine will be | owered, because
the WO 02/ 073013 PCT/ FI 02/ 00199 10 specific heat of flue gases is higher
than that of air, whereby the specific heat of the gas m xture fed from
the spray head is higher. The nunber of nozzles in the spray head and the
mut ual angl es and di stances of the nozzles may vary fromwhat is shown in
Figure 3. In principle, there may be several spray heads 3, but it can be
assuned that the invention will be nost successfully inple- nented with one
single spray head. [0038] The nethod and apparatus can al so be applied to
ot her en- gines than diesel engines: the nethod can thus be applied to

O to-cycle en- gines and gas turbines. WO 02/073013 PCT/FI 02/00199 11



CLAIMS 1. A nethod for cleaning exhaust gases from a conbustion engine, in
whi ch nethod humd air is fed into a conbustion chanber of the engine,

wher eby awpiozbmsoe3 of gas and aqueous nmist is fed with a spCayFiaam®(3, 3')
into a space (2, 2') that |leads to the conbustion chanber, ¢ har ac It
eri zedin that the mxture ratio of the gas and the aqueous m st is
changed according to changes in the |oad of the conbustion engine. 2. A
met hod as clainmed in claim1 for cleani ngjexhaust gases froma piston
engine, in particular, froma diesel engine, char acteri zedin
that the mxture ratio is changed such that the amount of the aqueous mi st
is in- creaS&&IM® said mixture as the engine | oad increases to a given |oad

et s reduced i nlomiRk BF Eleind 8XEhast et torf Bt ltud Endar 't ne
absol ut e antuwhialf metiaed huingid i aic fise fedk dhiei a lcotriheistioncchatbek ofetheodngise,
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gi ven | oad IS S nd’ aqueous
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head (3, 3 ihat4he iR esticaef fh'eagé@dnd the bauddds nfistlls @hbnged abboﬁhrﬁg toZ e d
in that the gawﬁ%g]s qtggggtre m xed into a m xture,

suppl i ed toCk essp'lrl e g 1h8) CUBPURIONERENIS n sai d ni xt ure cont a| n| ng gas
and aqueous nist. 52, Amethbddsadainhed mmiarmwd)lat(n]:eamng@xhaastgases ﬂrcbmea; (4
e d in that a r d 0 e I a ' i
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claim®6, characterize ressor ,
and that thB4QBERNY aigpargal EOW@H aRck the ameef tha aqueoys |"H§’b'3trﬁéu§€ﬁﬂ ay

head (3, 3 bnséid rﬁxftﬁ‘é%@dh@&‘er@lr@él&@débrébé’é%lﬂclﬁﬂﬁaﬂheﬁab@olhteﬁaﬁ]dun@of iz
e d in that Fx aust %Sﬁcﬁ\é”téﬁ conbusti on engi ne, which are washed

prior to fe¥dtedS MHE d (3, 3') are used as the gas. WO
02/ 073013 PCT/ FI 02/ B0A9fethbd as clalmed inclaim?2,characterized inthat as

the engine load exceeds the given load level, the gas feed is substantially dis-
continued and aqueous liquid feed is continued so as to provide the aqueous
mist from the spay head (3, 3’).

4. A method as claimed in claim 1,characterized in thatthe
gas and aqueous liquid are mixed into a mixture, which is supplied to the spray
head (3) so as to obtain said mixture containing gas and aqueous mist.

5. Amethod as claimed inclaim1,characterized inthat gas
and aqueous liquid are supplied to the spray head (3’), in which the gas and
the liquid are mixed so as to obtain said mixture containing gas and aqueous
mist.

6. A method as claimed inclaim4 or5,characterized inthat
the gas is air.

7. A method as claimed inclaim 6, characterized in thatthe
air is fed with a compressor (6, 6’) and that the aqueous liquid is fed with a
pump (11, 11°) into the spray head (3, 3").

8. A method as claimed in claim4 or5, characterized inthat
exhaust gases from the combustion engine, which are washed prior to feeding
into the spray head (3, 3’) are used as the gas.



9. Anmethod as claimed inclaim8 char acteri zedinthat the
aqueous m st is sprayed into the exhaust gases for washing the exhaust
gases. lOowoApeiohdd as clained in claim9, characterized PCTtHMRI00199he
aqueous m st is sprayed at a pressure of 10 to 300 bar. 11. A nethod as
clainmed in any one of the preceding claims, char acteri zedin
that aqueous liquid is fed into the spray head (3, 3') and heated by neans
of the heat in the engine exhaust gases pjjor to conduct- ing the liquid
into said space (2, 2') in the engine. 12. A nmethod as clainmed in claim1,
c har act er i9zAenethod ashaaimedan daip 8sicdeaofa ¢ he rdgueduin thiasthe n
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conbus- tion engi neldnd methaghas claimedrinkelaine bfc hasr agd eaeedk initbat i nto

the com bugid @ @%B%e Aot flsk AEshid Mikhipé i PO ARSI EE SOMBEE, Ses
con- trol neans 60@_& nt roI I aqueous

[iquid from the fe SORHLY slaed 8 clpiaohisronuaadRe SAaset 55559 ng
t he feedi ngofiamiston en‘gurﬁehec basr & catre £ heefdeédlitmg theadrep (size 6f )hesaghedumt t he

accordi ng- Bveinas Rys & S o ARSI bP tng BicdS oy ST, BREIRET
clai m 14, ccomaustien chamber and yapouzé thereinaturingghgaonipgessiog streles conpri se

a conpressor (6, 6' )4 AR- a@%s raafoﬁglégd?g I%rﬁfdngi‘f' ihfd 5|&in%l]s"uoﬂr Iﬁ@st _

conprising a high- pressur a or spraylng queous
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conducting thelr\{%’aﬁﬁe spray "head (3, 3'), liquid feeding means (8, 8') for feeding aqueous
liquid into the spray head and mixing means (P’) for providing a mixture of gas
and agqueous mist from the spray head into said space (2, 2’), which is ar-
ranged to be in flow connection with the combustion chamber of the combus-
tion engine and to supply the mixture of gas and aqueous mist into the com-
bustion chamber, characterized in that the apparatus comprises con-
trol means (60) for controlling the feeding amount of the aqueous liquid from
the feeding means (8, 8’) and control means for controlling the feeding amount
of the gas from the feeding means (6, 6’) such that the mixture ratio of the gas
and the aqueous mist to be fed can be changed according to changes in the
engine load.

15. An apparatus as claimed in claim 14, characterized in
that the gas feeding means comprise a compressor (6, 6').

16. An apparatus as claimed in claim 14 or 15 comprising a high-
pressure spray head (61) for spraying agueous mist into the exhaust gases
from the combustion engine so as to wash them, characterized in that
the gas feeding means comprise means (70) for conducting the washed ex-
haust gases into the spray head (3, 3’).



haust gases into the spray head (3, 3'). WD 02/073013 PCT/FI 02/00199 13
17. An apparatus as clained in claim14, char acter i zedin that
t he |i quiwofeemdionyy neans conprise a liquid source (9, 9') pamdri@/qouasp (11,
11') for feeding the liquid fromthe liquid source into the spray head (3,
3'). 18. An apparatus as claimed inclaiml1l7, char acteri zedin
that the punp (11, 11') conprises control neans (50, 50') for increasing
the punp rotation rate when the rotati om3¥ate of the conbustion engine

i ncreases and for decreasing the punp rotatlon rate when the rotation rate
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20. An apparatus as claimed in claim 19, characterized in
that the heating means is a gas flow space (31’) arranged in the exhaust mani-
fold (30’) of the combustion engine, through which gas flow space the source
(9") of the aqueous liquid is arranged to feed the aqueous liquid into the spray
head (3’) such that the aqueous liquid receives thermal energy from the ex-
haust gases prior to being fed into the spray head (3’).

21. An apparatus as claimed in claim 14, characterized in
that the mixing means are located in the spray head (3).

22. An apparatus as claimed in claim 14, characterized in
that the mixing means (P’) are upstream of the spray head (3’) seen in the flow
direction of the aqueous liquid.



