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METHOD AND APPARATUS FOR INDICATING A RISK OF CORROSION OR
SCUFFING OF COMPONENTS OF A COMBUSTION CHAMBER OF A
TURBOCHARGED ENGINE ARRANGEMENT, IN PARTICULAR FOR

VESSELS, AND TURBOCHARGED ENGINE ARRANGEMENT FOR VESSEL S

Field of the Invention

The present invention relates to a method for etthg a risk of corrosion or scuffing of
components of a combustion chamber of a turbochaeggine arrangement, in particular
for vessels. Furthermore, the present inventioates|to an apparatus for indicating a risk
of corrosion or scuffing of components of a comlmmsthamber of a turbocharged engine
arrangement, in particular for vessels. Furthee, itivention relates to a turbocharged
engine arrangement comprising an apparatus focatidg a risk of corrosion or scuffing

of components of a combustion chamber.

Background of the Invention

Turbocharged engines, in particular turbochargemtdtioke engines, are commonly used
in marine vessels for propulsion. Turbocharged $tvoke engines for marine vessels are
furthermore usually configured as diesel engindso &nown as compression-ignition
engines. In a two-stroke diesel engine fuel iscige after air is compressed in the
combustion chamber, causing the fuel to self-igiit@wever, it is also possible that a fuel
air mixture is injected into the combustion chambad compressed until the fuel air

mixture self-ignites.

After the expansion of the ignited fuel or air fumlxture a scavenge gas, in particular
scavenge air, is injected into the combustion cleambhe scavenge gas can be injected
into the combustion chamber via the air inlet porthe air fuel mixture inlet port of the

combustion chamber, respectively, or via a sepaedgenge port. For scavenging, two-
stroke diesel engines require a mechanically drblewer or a turbocharger to charge the

cylinder. In a turbocharger a gas, in particulay iasi compressed. Due to the compression
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the temperature of the gas is increased. Howeweinaeased temperature of scavenging
gas or charge gas, respectively, decreases thmeatfy of the turbocharged two-stroke
engines. Therefore, the compressed gas is subsbgeeonled down in a charge gas
cooler, in particular a charge air cooler. Chargs ¢gpolers are also known as intercoolers.
The compressed, pressurized and cooled down chgageis then injected into the
combustion chamber of the two-stroke diesel entpnecavenge the combustion chamber
and to provide the gas, in particular air, to clkatige combustion chamber for the next

compression and ignition cycle.

However, as the temperature of the charge gas akmsein the charge gas cooler, the
relative water content or humidity of the charge gecreases and may increase to a level
where the humidity reaches saturation. Water mag ttondense out of the charge gas and
pool in a scavenge gas duct or charge gas dugecatgely. Depending on the efficiency
of the water catcher of the engine and the pressiutlee scavenge gas or charge gas, the
water condensate may be dragged with the flow af’estge gas or charge gas into the
combustion chamber and increase the risk of camosf components of the combustion
chamber or even disturb the oil film between pigiog and liner and may lead to abrasive

wear or scuffing.

For a diesel two-stroke engine in slow steaming enibdvould be optimal to keep the

temperature of the charge gas or scavenge gasvaslpossible so that a maximal amount
of water condenses out of the charge gas becawewrsteaming mode the water catcher
can operate more efficiently. However, in full loambde the mass flow rate of charge gas
is very high and, thus, the risk that water condenss dragged into the combustion

chamber increases. With the increased risk of wategring the combustion chamber the
risk of scuffing and corrosion of components of teenbustion chamber increases as well.
Therefore, in prior art, a higher charge gas tewrtpee is chosen to reduce the mass flow
rate of the charge gas and to reduce the risk ¢érw@ndensate being dragged into the

combustion chamber.

An apparatus for controlling the charge air tempeeaof an internal combustion machine
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is disclosed in EP 0 508 068 Al. The dew tempeeatiirthe charge air is determined from
measured values of the humidity and the temperatiutee charge air and by raising the

charge air temperature the condensation of watgwnia the charge air is prevented.

The present invention is based on the finding toatrary to the assumptions in prior art a
higher charge gas temperature does not decreasmabe flow rate of water into the
combustion chamber because due to the higher clymgdemperature more water gets
into the combustion chamber in form of water vagamnthermore, the present invention
takes also into account that almost the same amofinwvater is generated in the
combustion process as is injected into the comimusthamber via the charge air or

scavenge air.

It is generally desirable to overcome or ameliorate or more of the above described

difficulties, or to at least provide a useful altative.

Summary of the invention

According to the present invention, there is predica method for indicating a risk of
corrosion or scuffing of components of a combusttbiamber of a turbo charged two-
stroke engine arrangement, in particular for vesseherein the turbo charged engine
arrangement comprises a turbocharger and a chasgeapler, wherein a first gas stream
of an ambient gas enters into the turbochargerreie@ second gas stream of charge gas
flows from the turbocharger to the charge gas coeWerein the second gas stream of
charge gas enters into the charge gas cooler, wheethird gas stream of charge gas flows
from the charge gas cooler to the combustion chgnalbel wherein the third gas stream of
charge gas enters into the combustion chamber, singthe steps of:
a) measuring parameters, wherein the measured perentomprise at least

one gas temperature, at least one gas pressurst @elative water content

(p1) of the charge gas of the third gas stream andea temperature (J) of

a liner of the combustion chamber, and

b) determining, in particular calculating, a secoathtive water contentpf)
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of a gas in the combustion chamber adjacent toea Internal surface (28)
based on the measured parameters, and, to charcging out one or more
of the following steps:

cl) indicating the determined second relative watgttent ¢,) as an indicator
of the risk of corrosion or scuffing of componerdt the combustion
chamber,

c2) comparing the determined second relative wetatent () with at least
one pre-determined value and indicating the risk aafrrosion of
components or scuffing of the combustion chambeoming to whether
the determined second relative water contegXi§é higher, equal or lower
than the at least one pre-determined value,

c3) adjusting an operating parameter of the tuterged engine based on the

determined second relative water contenj. (

According to the present invention, there is alsavjgled an apparatus for indicating a risk
of corrosion or scuffing of components of a comlmmsthamber of a turbo charged two-
stroke engine arrangement, in particular for vesseherein the turbo charged engine
arrangement comprises a turbocharger and a chasyeogler, said apparatus comprising
a processing unit and at least one sensor for miegsparameters, said parameters
comprising a first relative water contet) of a charge gas of a third gas stream flowing
from the charge gas cooler to the combustion chgnalbéeast one gas temperature and at
least one gas pressure, characterized in

that the at least one sensor comprises a sensondasuring a liner temperature
(TL) of a liner of the combustion chamber,

the processing unit is configured for determinimgparticular calculating, a second
relative water contentpf) of a gas in the combustion chamber adjacentliioea internal
surface (28) based on the parameters measure@ lay kbast one sensor ),
and that

- the apparatus comprises notification means forcataig the determined
second relative water content;) as an indicator of the risk of corrosion or

scuffing of components of the combustion chambwmar),
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- the processing unit is configured for comparing ttetermined second
relative water contentpg) with at least one pre-determined value, and that
the apparatus comprises notification means forcatthg the risk of
corrosion or scuffing of components of the comlarsthamber according to
whether the determined second relative water coiigghis higher, equal or
lower than the at least one pre-determined value, o

- the apparatus comprises adjusting means for adguséin operating
parameter of the turbo charged engine arrangement.

According to the present invention, there is alsoviged a turbocharged engine

arrangement comprising the above-described aparatu

Preferred embodiments of the present inventionigeoa method for indicating a risk of
corrosion or scuffing of components of a combusttbamber of a turbo-charged engine
arrangement, in particular for vessels, and to idean apparatus for conducting said

method.

In the context of the invention the terms "humitiand "relative water content” are used
interchangeable. Further, the term "water conteray refer to "absolute water content" or

"relative water content".

In the method according to the invention a firstawaontent of the charge gas of the third
gas stream is measured. In other words, the watetest or relative water content or
humidity of the charge gas flowing from the chagges cooler to the combustion chamber,
i.e. in between the charge gas cooler and the cstiaouchamber, is measured. With the
measurement of the first water content of the thad stream it is advantageously possible
to reliably, in particular substantially precisetigtermine the water content or the relative
water content or the humidity of the charge gasigeéntering the combustion chamber, in
particular at the gas inlet port or scavenge pdrtthe combustion chamber. The
determination of the first water content or humjidf the third gas stream is in particular

advantageous because water vapor of the thirdtggesg which has been cooled down by
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a charge gas cooler, also known as intercooler, coagense and it cannot be precisely
predicted how much of the condensed water can bmett, for example by a water
catcher. Hence, although it is in principle possibb calculate the humidity or water
content of the charge gas entering the combustiamber based on the performance
figures of the turbocharger and the charge gasecamhd, for example, the ambient
temperature, pressure and humidity of the ambiast entering the turbo-charger, that
calculation is subject to large uncertainties beeail cannot be reliably predicted how
much water is actually drained. In particular, @shbeen found by the applicant that it is
not very reliable to calculate the water contenthaf charge gas entering the combustion
chamber, the amount of water condensate genergteddling down the charge gas and
the amount of water condensate being dragged h#ocombustion chamber with the
stream of the charge gas. Therefore, it is conmene measure the first water content or
the humidity of the third gas stream of charge lgetsveen the charge gas cooler and the

combustion chamber.

Furthermore, the present invention proposes to uneasliner temperature of a liner of the
combustion chamber. The humidity in the combust@ramber in the immediate
adjacency of a liner internal surface at the pilengipressure is a measure for the risk of
condensation of water on the liner internal surfagieerein said condensation in turn is
related to the risk of corrosion or scuffing of teemponents of the liner and the
combustion chamber. Here, it is taken advantagehefrealization that although the
humidity is not uniform in the combustion chambgrce the temperature is considerably
higher close to the exhaust port of the combustisamber than in the proximity of the
liner internal surface, the condensation only degewn the liner temperature, in particular
the liner surface temperature, and the prevailylmder pressure. Thus, by measuring the
liner temperature the amount of water condensingthan liner internal surface and
therefore the risk of corrosion or scuffing of canpnts of the combustion chamber can
be reliably determined. It has been found by theglie@nt that although in principle the
liner temperature of the liner of the combustiomrober could be calculated using the
performance figures of the engine, i.e. the tordjoe number of revolutions, the efficiency

and the cooling power of a cooling system of théindgrs, such a calculated liner
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temperature of the liner of the combustion chamiBesubject to high uncertainties.

Therefore, it is advantageous to measure the t@amperature.

By measuring at least one gas temperature anasit dme gas pressure and a first water
content of a charge gas of the third gas streamaaimer temperature of the liner of the
combustion chamber the second water content or ditynnf a gas in the combustion
chamber, in particular of gas in the combustionntdber adjacent to the liner internal
surface, can be determined. Advantageously, therrdetation of the second water content
is done by calculation using known thermodynamiatiens. However, it is also possible
to use a table that relates the measured paramsittrsthe second water content or
humidity of a gas in the combustion chamber adjatethe liner internal surface. The at
least one gas temperature and the at least ongrggsure may, for example, be measured
in the third gas stream of charge gas flowing fittkn charge gas cooler to the combustion
chamber. However, it is also possible to measueeatieast one gas temperature and/or
the at least one gas pressure in the first anetorsl gas stream of ambient gas or charge

gas.

According to preferred embodiments of the inventitve determined second water content
is indicated as an indicator of the risk of coroosior scuffing of components of the
combustion chamber. For example, the determineohsiewater content may be indicated
visually or acoustically to an operator or to ari@ing person operating the turbocharged
engine arrangement. Thus, the operator or opergtmgon advantageously can use the
information of the determined second water conterddjust operating parameters of the
turbocharged engine in order to reduce the riskoofosion or scuffing of components of
the combustion chamber. Alternatively or simultamsy, according to the invention the
determined second water content can be comparédatvieast one predetermined value
and the risk of corrosion or scuffing of componesftthe combustion chamber is indicated
when the determined second water content is higheéfor equal and/or lower than the at
least one predetermined value. The risk of corrosio scuffing of components of the
combustion chamber may be indicated visually oruatically and an operator or an

operating person in charge of the turbocharged nengirrangement may use the
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information to adjust operating parameters of thddcharged engine arrangement in

order to reduce the risk of corrosion or scuffiigemponents of the combustion chamber.

Furthermore, alternatively or simultaneously acouaydto the method of the present
invention an operating parameter of the turbochéirgagine may be adjusted. For
example, the adjustment could be done manuallynbyperator or an operating person, or
the adjustment of an operating parameter of thieottirarged engine may be performed
automatically. Thus, with the method of the presemtntion the risk of corrosion or

scuffing of components of a combustion chamber bwandicated and/or reduced.

Preferably, the operating parameter of the turbagthengine may be adjusted based on
the determined second water content and/or basatieocomparison of the determined

second water content with the at least one predéted value.

The method according to the invention can be pabfgrused in turbocharged two-stroke
engine arrangements. However, the method may a&sgéd in turbocharged four-stroke

engine arrangements.

In a preferred embodiment of the present inventibe, at least one temperature is a
temperature of the first gas stream of ambientagaor a temperature of the second gas
stream of charge gas and/or a temperature of trleghs stream of charge gas, and/or the
at least one gas pressure is a pressure of theghiss stream of ambient gas and/or a
pressure of the second gas stream of charge gas anpressure of the third gas stream of
charge gas and/or a pressure of the gas in theusimb chamber.

Expediently, the at least one temperature is ongamf temperatures and the at least one
gas pressure is one of said pressures. In an adsus manner the at least one
temperature and the at least one gas pressuree@mgioyed in combination with the first
water content of the charge gas of the third ga&sst and the liner temperature of the liner
of the combustion chamber to determine or calcutaesecond water content or humidity

in the combustion chamber adjacent to the linaridl surface. For example, the at least
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one temperature may be the temperature of the glaisdstream, i.e. the temperature of the
charge gas flowing from the charge gas cooler éocbmbustion chamber. Furthermore,
the at least one gas pressure may be the gas @edsiine charge gas flowing from the
charge gas cooler to the combustion chamber. Tdérerein this case, the second water
content or humidity in the combustion chamber asljacto the liner surface can be
calculated based on the at least one temperahadiner temperature, the at least one gas
pressure, and the first water content, whereinatleast one temperature, the at least one
gas pressure and the first water content are medsurthe third gas stream of charge gas
flowing from the charge gas cooler to the combustahamber. In this case, it is
advantageous that the second water content indimdwustion chamber can be calculated
without substantial uncertainties based on theopexdnce figures of the engine, in
particular the compression ratio of the engine. Blgav, in principle it is also possible to
measure the at least one temperature and/or tleasitone gas pressure in the first gas
stream of ambient gas and/or in the second gaanstd charge gas, i.e. the ambient
temperature and/or pressure of the gas enterinuthecharger or the temperature and/or
pressure of the gas flowing from the turbochargethe charge gas cooler, and use the
performance figures of the turbocharger and/or charge gas cooler to calculate the
second water content or humidity in the combustibamber adjacent to the liner of the

combustion chamber.

In a further preferred embodiment of the invenitas provided to measure one or more of
the temperatures of the first gas stream of amlagnof the second gas stream of charge
gas and of the third gas stream of charge gasantkasure one or more of the pressures
of the first gas stream of ambient gas, of the séamas stream of charge gas and of third
gas stream of charge gas and of the pressure ofjidkein the combustion chamber.
Furthermore, the at least one temperature andttleast one pressure can advantageously
be measured at or in the turbocharger and/or &t tre charge gas cooler. Expediently,
the additional measurements of temperatures amssymes may be used to calculate or
determine the second water content or humidithedombustion chamber more precisely

and/or to cross-check thermodynamical calculatieitis measured values.
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In a further preferred embodiment, the ambientafathe first gas stream is ambient air,
and/or the charge gas of the second gas streahaigecair and/or the charge gas of the
third gas stream is charge air and/or the gasdrctitmbustion chamber is a charge gas, in
particular charge air, or a gas fuel mixture, intipalar an air fuel mixture. Further
advantageously, the ambient air may be engine rammlrhe ambient air may also be

referred to as intake air.

In a further preferred embodiment of the presewgmtiion, a third water content of a gas is
measured, wherein the third water content is a m@tatent of the first gas stream of
ambient gas and/or a water content of the secoadstyaam of charge gas. Furthermore,
the third water content may be measured for theigabke turbocharger and/or in the

charge gas cooler.

In the embodiment the additional measurement dfiral tvater content of a gas can be
used to determine or calculate the second watetesbor humidity in the combustion

chamber more precisely or to cross-check the theéymamic calculations with measured
values. When the ambient gas is an engine roonthairthird water content of a gas may

be the water content or humidity of the engine r@m

In a further preferred embodiment, the present ntive proposes that the operating
parameter of the turbocharged engine arrangemethieidiner temperature of the liner,
and/or the temperature of the third gas streanhafge gas, and/or a lubrication rate of the
components of the combustion chamber with a lubticand/or the alkalinity of the
lubricant, and/or the charge gas pressure of tfimtharger, also known as boost pressure.

Expediently, the liner temperature of the liner niwyincreased automatically or by an
operator or operating person. It is advantageoumdrease the liner temperature and,
therefore, to decrease a relative water conterituonidity adjacent to the liner surface.
Thus, by decreasing the relative water contentuonidity adjacent to the liner surface the
risk of water condensing on the liner surface isrelased and therefore the risk of

corrosion or scuffing of components of the comlmrsthamber is decreased as well.
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Furthermore, it can be advantageous to lower thgpéeature of the third gas stream of
charge gas, i.e. to lower the temperature of thegehgas flowing from the charge gas
cooler to the combustion chamber in order to inmeethe relative water content or
humidity to saturation level so that condensatiédnwvater vapor in the charge gas is
initiated or starts. In other words, the tempemtirthe charge gas of the third gas stream
is lowered below the dew temperature and the huaynati water content of the third gas
stream of charge gas condenses out of the chasyd lgas, the amount of water entering

the combustion chamber in form of water vapor ticed.

Furthermore, in the preferred embodiment the laion rate of the components of the
combustion chamber with a lubricant may be increa®éater as liquid or vapor entering
the combustion chamber and water vapor condensatinthe liner internal surface or
water generated during the combustion of the al muixture and condensing on the liner
internal surface reacts with combustion productd #re lubricant in the combustion
chamber or disturb the oil film between piston rangd liner. In the reaction acidic fluids
can be produced. Thus, an increase of the luboitatate of the components of the
combustion chamber with a lubricant increases #ibe at which the lubricant is replaced
and therefore reduces the corrosive effects of gbels on the components of the
combustion chamber or forms a thicker oil film émluce risk of scuffing caused by liquid
water disturbing the oil film. Furthermore, it cha advantageous to increase the alkalinity

of the lubricant and to increase the neutralizati@pacity of the lubricant.

In a further preferred embodiment of the presememton, the liner temperature is

adjusted by adjusting the temperature of coolingifbf a liner cooling system.

Advantageously, the liner temperature can be agfjuaith a high reliability by adjusting

the temperature of cooling fluid of the liner cogjisystem.

In a further preferred embodiment of the presememtion, an increased risk of corrosion

or scuffing of components of the combustion cham&endicated when the humidity2
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in the combustion chamber exceeds a pre-deternvialee of 50%, preferably 60%, more
preferably 75%. Furthermore, in a preferred embedinthe risk of corrosion or scuffing
of components of the combustion chamber is inditatebeing low when the humidip?

or the second water content in the combustion clearallis below a pre-determined value
of 60%, more preferably 55%, especially preferdidiow 50%. The pre-determined value
is preferably set depending on the engine dedignspeed of the engine (rpm) and time, in
particular the typical time scale of the reactioagesses.

It has been found by the applicant that the riskafosion or scuffing of the combustion
chamber components is increased when the humigtyin the combustion chamber

exceeds 50%, preferably 60%, more preferably 75%.

In an even further preferred embodiment of the gmesvention, the risk of corrosion or
scuffing of components of the combustion chambey beindicated by a visual indicator,
for example, a light or a series of color-codedtitisg a graphical display, or a text projected
on a screen or shown on a display. However, thle ois corrosion or scuffing of
components of the combustion chamber may also dieated by any suited means, for

example, by an audible signal transmitted overeaker system.

Preferred embodiments of the present inventionigeoan apparatus for indicating a risk
of corrosion or scuffing of components of a comlmrsthamber of a turbocharged engine
arrangement, in particular for vessels, wherein tindocharged engine arrangement
comprises a turbocharger and a charge gas coaldrapparatus comprising a processing
unit and at least one sensor for measuring parasyedaid parameters comprising a first
water content of a charge gas of a third gas stiffaming from the charge gas cooler to
the combustion chamber, at least one gas temperatod at least one gas pressure,
characterized in that the at least one sensor dsespa sensor for measuring a liner
temperature of a liner of the combustion chambes, grocessing unit is configured for
determining, in particular calculating, a secondewvaontent of a gas in the combustion
chamber based on the parameters measured byldsstbne sensor and/or the processing

unit is configured for comparing the determinedosecwater content with at least one
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predetermined value, the apparatus comprises caitdn means for indicating the
determined second water content as an indicatothimrisk of corrosion or scuffing of
components of the combustion chamber and/or foicatichg the risk of corrosion or
scuffing of components of the combustion chambeemwthe determined second water
content is higher and/or equal and/or lower than dh least one predetermined value,
and/or the apparatus comprises adjusting mearadfosting an operating parameter of the

turbocharged engine arrangement.

Advantageously, the second water content or huynigitd/or the risk of corrosion or

scuffing of components of the combustion chambendscated so that an operator or an
operating person operating the charged engine geraent can take precautions in order
to reduce the risk of corrosion or scuffing of t@mponents of the combustion chamber.
Furthermore, it is advantageously possible to aataally adjust an operating parameter

of the turbocharged engine by the adjusting means.

In a further preferred embodiment the at least tengperature is a temperature of a first
gas stream of ambient gas entering the turbochamydior a temperature of a second gas
stream of charge gas flowing from the turbo-chartgethe charge gas cooler and/or a
temperature of the third gas stream of charge ayjad/or the at least one gas pressure is a
pressure of the first gas stream of ambient gagoamdpressure of the second gas stream
of charge gas and/or a pressure of the third gaarstof charge gas and/or a pressure of

the gas in the combustion chamber.

In an even further preferred embodiment the amlgastof the first gas stream is ambient
air and/or the charge gas of the second gas siseaharge air and/or the charge gas of the
third gas stream is charge air and/or the gasarcéimbustion chamber is a charge gas, in

particular charge air or a gas fuel mixture, intigatar an air fuel mixture.

In a further preferred embodiment of the apparétesadjusting means are configured to
adjust the liner temperature and/or the temperatititbe third gas stream of charge gas

and/or a lubrication rate of the components of dbmbustion chamber with a lubricant,
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and/or the alkalinity of the lubricant and/or theaoge gas pressure of the turbocharger,

also known as boost pressure.
In another preferred embodiment of the apparatesafiparatus comprises a liner cooling
system, wherein the adjusting means are configlimedadjusting the temperature of

cooling fluid of the liner cooling system.

In a further preferred embodiment the notificatraeans may be configured as a display,

and/or a monitor and/or color-coded light emittewrsi/or a sound emitter.

Preferred embodiments of the invention provide ebdcharged engine arrangement
comprising an apparatus as described above.

Brief Description of the Drawings

Preferred embodiments of the present inventionhareafter described, by way of non-

limiting example only, with reference to the acca@nying drawings, in which:
Figure 1 is a cross-sectional view of a turbochargegine arrangement,
Figure 2 is another cross-sectional view of a tahaoged engine arrangement and

Figure 3 is a schematic view of a turbochargedrengrrangement.

Detailed Description of Preferred Embodiments &f livention

Fig. 1 shows a turbocharged engine arrangemerd foarine vessel in a cross-sectional
view. The turbocharged engine arrangement 100 dsegpa combustion chamber 10 in a
cylinder 11 and a piston 12. A first gas streamofld&take air or ambient air or engine
room air indicated by an arrow flows into an intdkeof a turbocharger 15. Between the
intake 14 and the turbocharger 15 a first ductslérianged for guiding the first gas stream
13 from the intake 14 to the turbocharger 15. Aosdcduct 17 is arranged to guide a

second gas stream 18 of charged air to a chargeogéder 19a configured as a charge air
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cooler 19. A third duct 20 connecting the charge caioler 19 with the combustion
chamber 10 guides a third gas stream 21 of chaagdcdcooled air indicated by an arrow
from the charge air cooler 19 to the combustionndbexr 10. A water catcher 32 is
provided in the third duct 20 to drain water vapondensed from the third gas stream 21.
In operation ambient air enters the intake 14 dadd as a first gas stream 13 to the
turbocharger 15, where the ambient air is compceasel charged to a high pressure. In
the compression process of the intake air or amlaenthe temperature, of the intake
air is increased. The pressurized and heated amhbieris also called charge air or
scavenge air. The charge air is then guided asdbend gas stream 18 to the charge air
cooler 19, where it is cooled down. Depending om itfitial values of temperature, T
pressure pa and humidity, of the ambient air and the operating parametershef
turbocharger 15 and the charge air cooler 19, timeidiity of the charge air increases in the
charge air cooler 19 and may be saturated so th&drwapor starts to condense. The
pressurized and cooled down charge air is guideah the charge air cooler 19 as a third

gas stream 21 via the third duct 20 and water eat8h to the combustion chamber 10.

As shown in Fig. 2, sensors 22, 23, 24 are arraiogedr integrated in the turbocharged
engine arrangement 100. A first sensor 22 is depas the first gas stream 13 of ambient
air entering the turbocharger 15, a second ser&@s @isposed in the third gas stream 21
flowing from the charge air cooler 19 via third td&® into the combustion chamber 10
and a third sensor 24 is disposed on or integratethe liner 25 of a cylinder 11
comprising combustion chamber 10. The first se@@measures the temperaturg the
pressure pand the humidity, of the ambient air entering the turbocharger 1t 3econd
sensor 23 disposed between the charge air cooleant®dthe combustion chamber,
measures the temperaturg The pressure pi and the humidity gf the pressurized and
cooled charge air of the third gas stream 21 flgwfiom the charge air cooler 19 to the
combustion chamber 10. The third sensor 24 is despp@n or integrated in the liner 25 of
the cylinder 11 and measures the temperaturefThe liner 25. Furthermore, the sensor

24 can be configured to also measure the pressumgige the combustion chamber 10.

In Fig.3 the method of the present invention isvaindn a schematic display of the
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apparatus of the present invention. The first seB2aneasures the ambient conditions T
Pas @5 Of the intake air, for example an ambient aiaprengine room air. The intake air is
guided through an intake filter 33 via the firsictld6 into the turbocharger 15, where the
intake air is compressed and where the temperaisee due to the compression. The
compressed and heated air flows through secondlduas the second gas stream 18 into
the charge air cooler 19, where depending on tHaearhconditions 7, p, andg,, and the
working parameters of the turbocharger 15 and tfaege air cooler 19 a mass flow rate of
condensate, i.e. an amount of condensed water iper interval, is generated. The
condensate is removed from the turbocharged ersgna@gement 100 via a water catcher
32. It is possible using thermodynamic relationsctdculate the temperature,, Tthe
pressure pc and the humidigy of the cooled down charged air in the third dui@gRiding

a third gas stream 21 from the charge air cooletolthe combustion chamber 10. The
second sensor 23 measures the humightyf the charge air in the third gas stream 21
flowing from the charge air cooler 19 to the contlmrschamber 10. Furthermore, sensor
23 measures the temperaturg ahd the pressure, pf the charge air flowing from the
charge air cooler 19 to the combustion chamber Tlifls allows for an additional
crosscheck between the calculated values of termyperd., pressure pand humiditye
and the measured values of temperatuie pressure p and humidity p. For the
calculation and crosscheck of the temperatueessure pand humiditye., sensors 22
and 23 transmit the measured values via transmittieans 26 to a processing unit 27,
which calculates the temperaturg The pressure pc and the humidpyof the charge air
of the third gas stream 21 flowing from the chaagecooler 19 to the combustion chamber
10. The charge air flows as the third gas streaninfithe combustion chamber 10 of
turbocharged engine arrangement 100 to scavengecdimbustion chamber 10 from
combustion products or remnants of the previoushtmtion cycle and to charge the
combustion chamber 10 with charge air for the mexhpression and ignition cycle. Then
fuel is injected into the combustion chamber 10 #rel fuel air mixture self-ignites. A
third sensor 24 measures liner temperatureofl the liner internal surface 28 of the
combustion chamber 10. Furthermore, sensor 24 mesasine pressure,pin the
combustion chamber 10. Alternatively, the presguiaside the combustion chamber 10

may also be calculated via the known compressioio @&f the turbocharged engine
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arrangement 100. Third sensor 24 transmits the une@dyalues of a liner temperature T
and pressure,pn combustion chamber 10 to the processing unitdiich calculates the
humidity ¢, adjacent to the liner internal surface 28 basethermeasured temperature T
of the third gas stream 21, the measured presswktipe third gas stream, the measured
humidity p. of the charge air in the third gas stream 21 &ediber temperature, Tand the
pressure pin the combustion chamber 10. When the calculatexidity ¢, adjacent to the
liner internal surface 28 in the combustion chaniliexceeds a predetermined value, for
examplep = 75%, the processing unit 27 transmits a sigma hotification means 29 via
transmitting means 30. The notification means 2€aisfigured as a display showing the
risk of corrosion of components of the combustidrarober 10 and, alternatively or
additionally, the calculated value of the humidjtyadjacent to the liner internal surface
28.

An operator or operating person operating the thhoged engine arrangement 100 may
decide based on the indicated risk of corrosiorthef components of the combustion
chamber 10 and/or the displayed values of the bl humiditye whether to adjust

operating parameters of the turbocharged engim@gement 100.

Further shown in fig. 3 is an exhaust gas boilerv@iich is a heat exchanger to convert
the combustion heat in the exhaust gases intoriglectergy.

Throughout this specification and the claims whiolow, unless the context requires
otherwise, the word “comprise”, and variations sash“comprises” and “comprising”,
will be understood to imply the inclusion of a sthinteger or step or group of integers or

steps but not the exclusion of any other integestep or group of integers or steps.

The reference in this specification to any prioblpzation (or information derived from it),
or to any matter which is known, is not, and shawt be taken as an acknowledgment or
admission or any form of suggestion that that ppablication (or information derived
from it) or known matter forms part of the commoengral knowledge in the field of

endeavour to which this specification relates.
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List of reference numerals

100
10
11
12
13
14
15
16
17
18
19
19a
20
21
22
23
24
25
26
27
28
29
30
31
32
33

Ta
Pa

turbocharged engine arrangement

combustion chamber
cylinder

piston

first gas stream
intake
turbocharger

first duct

second duct
second gas stream
charge air cooler
charge gas cooler
third duct

third gas stream
first sensor

second sensor
third sensor

liner

transmitting means
processing unit
liner internal surface
notfication means
transmitting means
exhaust gas boiler
water catcher
intake filter

temperature of ambient or intake air

pressure of ambient or intake air



H:\tld\Interwoven\NRPortb\SNGDCC\TLD\82965_1.doc#/06/2017

-19 -

Pa humidity of ambient or intake air

T1 temperature of third gas stream
Py pressure of third gas stream

01 humidity of third gas stream

T, calculated temperature of third gas stream
P. calculated pressure of third gas stream

@ calculated humidity of third gas stream

TL temperature of liner
p2 pressure in combustion chamber

®2 humidity in combustion chamber adjacent to linéeiinal surface
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Claims Defining the Invention

1. Method for indicating a risk of corrosion or Howg of components of a

combustion chamber of a turbo charged two-strolgnenarrangement, in particular for

vessels, wherein the turbo charged engine arrangeocoenprises a turbocharger and a

charge gas cooler, wherein a first gas stream ofaaibient gas enters into the

turbocharger, wherein a second gas stream of clgagdlows from the turbocharger to

the charge gas cooler, wherein the second gasrstweaharge gas enters into the charge

gas cooler, wherein a third gas stream of chaegeflgws from the charge gas cooler to

the combustion chamber, and wherein the third g&amm of charge gas enters into the

combustion chamber, comprising the steps of:

a)

b)

cl)

c2)

c3)

measuring parameters, wherein the measured pta@comprise at least
one gas temperature, at least one gas pressurst elative water content
(p1) of the charge gas of the third gas stream aimteatemperature (TL) of
a liner of the combustion chamber, and

determining, in particular calculating, a secoathtive water contentpf)

of a gas in the combustion chamber adjacent toea internal surface based
on the measured parameters, and to choice, caroyihgne or more of the
following steps:

indicating the determined second relative watgitent ¢,) as an indicator
of the risk of corrosion or scuffing of componerdt the combustion
chamber,

comparing the determined second relative wedetent ¢,) with at least
one pre-determined value and indicating the risk aafrrosion of
components or scuffing of the combustion chambeoming to whether
the determined second relative water contepl i6 higher, equal or lower
than the at least one pre-determined value,

adjusting an operating parameter of the twi@rged engine based on the

determined second relative water content (

2. The method according to claim 1, wherein theleasst one temperature is a
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temperature (J of the first gas stream of ambient gas and/@anaperature of the second
gas stream of charge gas and/or a temperatyjeof The third gas stream of charge gas,
and/or wherein the at least one gas pressure ressyre (§ of the first gas stream of
ambient gas and/or a pressure of the second gasrstf charge gas and/or a pressutk (p
of the third gas stream of charge gas and/or aspreqp) of the gas in the combustion

chamber.

3. The method according to claim 1 or 2, where@ @éimbient gas of the first gas
stream is ambient air and/or wherein the chargeofj#ise second gas stream is charge air
and/or wherein the charge gas of the third gasustns charge air and/or wherein the gas
in the combustion chamber is a charge gas, inquéatti charge air, or a gas fuel mixture,

in particular an air fuel mixture.

4, The method according to any one of the precediaigns, wherein a third water
content of a gas is measured, wherein the thirémeintent is a water content of the first

gas stream of ambient gas and/or a water conteheafecond gas stream of charge gas.

5. The method according to any one of the precediagns, wherein the operating
parameter of the turbo charged engine arrangensetitei liner temperature () of the
liner, and/or the temperature;{Tof the third gas stream of charge gas, and/abadation
rate of the components of the combustion chambir aviubricant, and/or the alkalinity of

the lubricant and/or the charge gas pressure dithecharger.

6. The method according to any one of the precediagns, wherein the liner
temperature () is adjusted by adjusting the temperature of capliuid of a liner cooling

system.

7. Apparatus for indicating a risk of corrosion seuffing of components of a
combustion chamber of a turbo charged two-strolgnenarrangement, in particular for
vessels, wherein the turbo charged engine arrangeooenprises a turbocharger and a

charge gas cooler, said apparatus comprising a&gsoty unit and at least one sensor for
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measuring parameters, said parameters comprisfingt aelative water contentpf) of a

charge gas of a third gas stream flowing from tharge gas cooler to the combustion

chamber, at least one gas temperature and ableasfas pressure,

characterized in

that

the at least one sensor comprises a sensor founmeggas liner temperature (Y of a liner

(25) of the combustion chamber,

the processing unit is configured for determinimy, particular calculating, a second

relative water contentpf) of a gas in the combustion chamber adjacentliioea internal

surface based on the parameters measured byldsstbne sensor ,

and that

- the apparatus comprises notification means fdicating the determined second
relative water contentpg) as an indicator of the risk of corrosion or smgfof
components of the combustion chamber, or

- the processing unit is configured for comparihg tetermined second relative
water contentg) with at least one pre-determined value, and thatapparatus
comprises notification means for indicating thekraf corrosion or scuffing of
components of the combustion chamber according hether the determined
second relative water conteb) is higher, equal or lower than the at least ame p
determined value, or

- the apparatus comprises adjusting means for @ujuan operating parameter of

the turbo charged engine arrangement.

8. The apparatus according to claim 7, wherein ahdéeast one temperature is a
temperature (J) of a first gas stream of ambient gas enteringttinbocharger and/or a
temperature of a second gas stream of charge gasd from the turbocharger to the
charge gas cooler and/or a temperaturg (@f the third gas stream of charge gas, and/or
wherein the at least one gas pressure is a pregsucd the first gas stream of ambient gas
and/or a pressure of the second gas stream ofelgasyand/or a pressure)(mf the third

gas stream of charge gas and/or a pressgyef(the gas in the combustion chamber.
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9. The apparatus according to claim 7 or 8, whetteghambient gas of the first gas
stream is ambient air and/or wherein the chargeof#ise second gas stream is charge air
and/or wherein the charge gas of the third gasustis charge air and/or wherein the gas
in the combustion chamber is a charge gas, inqudatti charge air or a gas fuel mixture, in

particular an air fuel mixture.

10.  The apparatus according to any one of clairtts 9, wherein the adjusting means
are configured to adjust the liner temperaturg,(@nd/or the temperatureifTof the third

gas stream of charge gas, and/or a lubricationafatbe components of the combustion
chamber with a lubricant, and/or the alkalinity tbie lubricant and/or the charge gas

pressure of the turbocharger.

11. The apparatus according to any one of clairts 70, comprising a liner cooling
system, wherein the adjusting means are configlimedadjusting the temperature of

cooling fluid of the liner cooling system.

12.  Turbocharged engine arrangement comprisingoparatus according to any one of

claims 7 to 11.



