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(57) Propulsion system comprises a two stroke inter-
nal combustion engine, in particular a diesel engine, com-
prising at least two cylinders, each of them comprising a
piston, said piston being arranged in a crosshead con-
figuration. Eeach of the cylinders has an outlet, said out-
lets being connected to an exhaust gas receiver by con-
nection means, in particular by pipes, providing a con-
nection between each outlet and the exhaust gas receiv-

er. The system comprises a SCR-reactor, which is ar-
ranged in or downstream of the exhaust gas receiver and
a reservoir comprising a reducing agent, wherein said
reducing agent is injectable into the connection means
by means of at least two nozzles, preferably one nozzle
per connection means. The nozzles are connected to
each other by a common rail, wherein between reservoir
and nozzles there is provided at least one nozzle valve.
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Description

[0001] The present invention is directed to a propulsion
system, a method for reducing NOx, a ship comprising
a propulsion system and a control system for controlling
the injection of a reducing agent according to the pream-
ble of the independent claims.
[0002] During a combustion process, the fuel and gas-
es in the combustion chamber chemically reacts with
each other. As a result of a combustion process, several
different residues are present in the exhaust gas, i.e. NOx
or particulate matter such as soot.
[0003] Combustion processes typically take place in
internal combustion engines. The amounts of those res-
idues differ depending on the combustion engine, in par-
ticular, if it is a two or four stroke engine which might be
driven with diesel or gasoline.
[0004] In propulsion systems of large ships, typically,
two stroke engines of the crosshead type are used. Such
engines have at least two cylinders, typically twelve cyl-
inders. Configurations with four, six, eight, ten or more
than twelve cylinders may be desirable; additionally, an
uneven amount of cylinders might be used.
[0005] As known from the state of the art, NOx might
be reduced by using ammonia or urea as a reducing
agent. In particular, urea might be injected into the ex-
haust gas.
[0006] Several systems have been proposed, each of
them directed to the reduction of one or more residues.
[0007] DE 197 45 067 A1 discloses a large diesel en-
gine with at least two cylinders. Each of the cylinders is
connected to an exhaust gas receiver with an exhaust
gas stub. The exhaust gas receiver is connected to a
catalytic convertor arrangement. For injecting the reduc-
ing agent, each exhaust gas stub comprises an injection
valve. Such an arrangement comprises a huge amount
of parts and is complicated to fabricate and to run in use.
[0008] EP 2 673 484 B1 discloses an internal combus-
tion engine with an exhaust gas receiver. The exhaust
gas receiver is connected to each cylinder of the internal
combustion engine through an exhaust inlet. The exhaust
inlets are connected to each other by a common rail,
providing a reducing agent through nozzles. A supply line
for the reducing agent is led through the exhaust gas
receiver. Such an arrangement only enables an unpre-
cise injection of reducing agent.
[0009] Furthermore, according to the state of the art,
the amount of reducing agent which is used in the chem-
ical reaction is defined based on a so called dosing map.
Typically, the dosing map is determined in workshop
tests of the engine. Depending on different circumstanc-
es, such static determination of the amount of reducing
agent which is introduced leads to an undesirable con-
sumption or an insufficient introduction of reducing agent.
[0010] There are several drawbacks in the prior art, for
example a huge amount of parts such as separate ele-
ments for each exhaust gas stub and/or non-controllable
nozzles or undesired amount of injection of reducing

agent.
[0011] Aim of the invention is to avoid at least some of
the drawbacks of the prior art, in particular, to provide a
propulsion system having a simple structure with less
parts, and/or which is easy controllable and/or which pro-
vides, compared to the state of the art, a higher reduction
of NOx and/or enhances lifecycle of the catalytic conver-
tor and/or reduces maintenance. It is an aim to provide
also a method for reducing NOx emissions of internal
combustion engines, which enables to determine the
amount of reducing agent.
[0012] At least some of said objects are accomplished
by propulsion system and a method for reducing NOx
from an internal combustion engine and a control system
for controlling the injection of a reducing agent according
to the independent claims.
[0013] In particular, a propulsion system according to
the invention comprises a two stroke internal combustion
engine, in particular a diesel engine. The internal com-
bustion engine comprises at least two cylinders. Each of
them comprises a piston. The pistons are each arranged
in a crosshead configuration. The cylinders each have
an outlet which is connected to an exhaust gas receiver
by connection means, in particular an exhaust gas stub,
such as a pipe, providing a connection between each
outlet and the exhaust gas receiver. The propulsion sys-
tem comprises a SCR-reactor, which is arranged in or
downstream of the exhaust gas receiver. The propulsion
system comprises a reservoir comprising a reducing
agent, which reducing agent is injectable into the con-
nection means by means of at least two nozzles. The
nozzles are connected to each other by a common rail.
Preferably, at least one nozzle is assigned to each con-
nection means. Between reservoir and nozzles, prefer-
ably between common rail and nozzles, there is provided
at least one nozzle valve. Preferably, each nozzle is as-
signed to a nozzle valve.
[0014] As known by the skilled person, the degree of
rotation of the crankshaft is used to indicate the position
of the piston inside the cylinder and/or to indicate the
timing of the combustion process.
[0015] Alternative embodiments may also be used in
the meaning of this invention, such as common nozzles
with an additional, for example separate, dosing valve or
with a nozzle and a valve built as a common nozzle valve
unit. Alternatively, even a simple opening with a valve
which enables opening or closing the opening could be
used.
[0016] In context of this invention, the connection
means are not part of the exhaust gas receiver. Hence,
the nozzles are not connected to the exhaust gas receiv-
er.
[0017] As reducing agents aqueous urea solution,
aqueous ammonia solution, and/or pure ammonia, pure
ammonia gas, or anhydrous ammonia and other reducing
agents are possible.
[0018] For reducing NOx and enabling the catalytic re-
action of the reducing agent, the propulsion system com-
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prises a catalytic convertor, in particular an SCR-reactor,
which is arranged after injection of the reducing agent,
in particular in or downstream the exhaust gas receiver.
Furthermore, a turbo charger, through which at least a
part of the exhaust gas is led after passing the exhaust
gas receiver and/or the catalytic convertor, may be ar-
ranged on the propulsion system. The turbocharger may
be arranged between the exhaust gas receiver and the
catalytic convertor. Hence, the NOx reduction may occur
in the low pressure area of the exhaust gas system. Pref-
erably, the turbocharger is arranged downstream of the
catalytic convertor such that the NOx reduction occurs
in the high pressure area of the exhaust gas system. The
exhaust gas may be divided into two flow streams, where-
by only one of said streams may be led through the tur-
bocharger and the other stream may be used for exhaust
gas recirculation. Each of these two streams may be
treated with reducing agent separately, before or after
the turbocharger.
[0019] A propulsion engine with a common rail and with
distinct nozzles and at least one nozzle valve and which
are connected to the connection means enables provid-
ing the reducing agent by common rail injection. Hence,
a separate pump may be used to provide pressure in the
common rail, serving as a high pressure reservoir which
is fed by the reducing agent reservoir. The nozzles thus
are connected to a high pressure reservoir with a huge
pressure elasticity mostly independent of small amounts
of reducing agent withdrawn from the high pressure res-
ervoir. Furthermore, nozzle valves are switchable inde-
pendently. Additionally, through the arrangement of the
nozzles on the connection means, each nozzle injects
reducing agent into exhaust having high velocity and is
therefore distributed optimally. To further optimize reduc-
ing agent distribution, there may be provided one nozzle
per connection means.
[0020] Alternatively, it may be advantageous to pro-
vide a nozzle on every second or third cylinder, i.e. on
every second or third connection means. Hence, each
nozzle provides reducing agent for the exhaust gas of
two or three cylinders respectively.
[0021] The nozzles may be any nozzle as known from
the prior art, in particular nozzles including and air stream
for vaporizing the reducing agent. The air stream can be
connected to an air common rail, so that all nozzles are
fed from a common air reservoir.
[0022] The propulsion system may comprise control
means for controlling the nozzle valves continuously or
intermittently, in particular in an open loop manner de-
pending on the piston position, in particular on the crank-
shaft rotation. The reducing agent can be injected con-
tinuously when the propulsion system is running. This
enables a very easy control system. Additionally, or al-
ternatively, the nozzle valves may be controlled depend-
ing on exhaust valve timing. The timing of the valves
might be dependent on the crankshaft rotation.
[0023] Hence, the injection of the reducing agent may
be controlled for each cylinder or a group of cylinders

separately. Furthermore, the injection of the reducing
agent can be timed to specific periods e.g. only when the
connection means of a respective cylinder is filled with
exhaust gas or e.g. just before it is filled. Therefore, in
particular when the engine is in low load condition or runs
on slow speed, such as less than 100rpm, in particular
less than 50 rpm,the distribution in the exhaust gas is
enhanced since the reducing agent is always mixed up
with the exhaust gas.
[0024] Advantageously, the mass flow of the reducing
agent though the nozzles may be controllable by the con-
trol means in a closed-loop manner.
[0025] Hence, only a specific amount of reducing agent
will be introduced. This means, the nozzle valve may be
controlled such as to take in a positon between 0% and
100% open. Alternatively, it can be controlled in a binary
manner wherein the nozzle valve is switched on and off
alternatingly, e.g. such as to provide e.g. a fully open
nozzle in 50% of the time and a fully closed nozzle in the
rest of the time, resulting in a 50% mass flow over time.
These amounts may be varied and may depend on spe-
cific engine parameters.
[0026] The nozzles may be arranged inside of the con-
nection means or inside the exhaust gas receiver. Fur-
thermore, they may be formed as multijet nozzles.
[0027] A multijet nozzle can be formed as one nozzle
with multiple openings. Multiple single opening nozzles
may be arranged together on a grid or on a circle. Hence,
they also provide a multijet nozzle. Each of those nozzles
may be controlled separately. Alternatively, the nozzles
may be controlled in groups. E.g. if the nozzles are ar-
ranged on a concentric grid, i.e. on to circles, an inner
smaller circle and an outer bigger circle, it may be pref-
erable to switch the nozzle valves in two groups accord-
ing its respective arrangement.
[0028] Providing of such multijet arrangements ena-
bles to distribute the reducing agent in a specific manner.
For example, if the connection means are a pipe, the
exhaust gas which flows through them will not have a
uniform distribution in the cross section of such pipe.
Hence, it may not be desired to inject the reducing agent
uniformly or with the same amount across said cross sec-
tion.
[0029] Hence, the distribution is enhanced and may be
varied depending on specific structural conditions.
[0030] Alternatively, two or more groups of nozzles
may be provided, each of them fed by a respective com-
mon rail. Therefore, it is possible to provide e.g. two or
more parallel arrangements of common rails, each of
them connected through at least one nozzle to each con-
nection means. It is also possible to divide a multicylinder
engine in blocks of two or more cylinders, each of them
having a separate common rail with respective nozzles
for each connection means of one block. The embodi-
ments as herein described may be applied to such con-
figuration also.
[0031] Another or an additional aspect of the invention
concerns a method for reducing NOx emissions of an
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internal combustion engine, in particular a two stroke die-
sel engine, preferably an internal combustion engine of
a propulsion system as previously described . The
amount of reducing agent, which is injected through a
nozzle into a connection between an outlet of a cylinder
and an SCR-reactor, is determined by means of an ad-
justment parameter. The adjustment parameter is de-
rived from at least one of a direct or an indirect measure-
ment of an engine parameter of the internal combustion
engine. Additionally or alternatively, a control parameter
of the internal combustion engine may be used to derive
the adjustment parameter.
[0032] Hence, the amount of reducing agent can be
adapted depending on specific parameters which de-
pend on the actual state of each engine. Such parameters
depend e.g. on outside temperature, humidity of the air,
workload of the engine, engine load, engine speed, ex-
haust gas mass flow, firing pressure. The firing pressure
is the highest pressure in an engine cylinder during com-
bustion.
[0033] The amount of a reducing agent may be defined
by a specific start value, in particular a dosing map. Said
specific start value is adjusted by the adjustment param-
eter.
[0034] By starting with a specific start value, the final
adjustment may be derived very fast. Furthermore, by
defining a start value, i.e. a dosing map, there are at least
some optimized start boundaries to prevent the controller
from determining a start value which is not realistic. It is
possible to define a maximum deviation average e.g. of
25% compared to the dosing map. If such threshold is
exceeded, an alarm signal might be triggered, such that
maintenance or human control or a check of the system
is necessary.
[0035] The adjustment parameter may be derived from
a NOx measurement of a NOx sensor. Said NOx sensor
is preferably arranged upstream of the SCR-reactor, in
particular upstream of the reducing agent injection.
[0036] Providing a NOx sensor upstream of the SCR
reactor enables a direct measurement of the NOx. The
exact amount of reducing agent can thus be determined,
depending on the NOx which is present in the exhaust
gas before the SCR-reactor. A measurement, which is
made downstream of the SCR reactor provides a value
of NOx which has been left in the exhaust gas. If the SCR
reactor does not work properly, the derived NOx value
indicates that a higher amount of reducing agent has to
be injected. Said amount is increased as long as a de-
sired output value is not reached but won’t lead to a lower
NOx value.
[0037] Therefore, the amount of reducing agent can
be determined exactly based on the amount of NOx. Such
a measurement of NOx is also known as a direct meas-
urement. An additional measurement of NOx down-
stream of the SCR enables to determine if the SCR re-
actor works properly.
[0038] The adjustment parameter may also be derived
from another type of direct measurement. For example,

the parameter may be derived from at least one of the
following parameters: temperature of scavenge air, scav-
enge pressure, humidity of scavenge air, temperature of
cooling system, temperature of exhaust gas, pressure
inside the cylinder, in particular the firing pressure during
the combustion or the compression pressure, ambient
temperature, ambient pressure, ammonia slip, reducing
agent quality, air-fuel ratio (Lambda), fuel amount, sulfur
content of the fuel, valve positions, turbocharger speed,
engine load, engine speed, exhaust gas mass flow, firing
pressure. The exhaust gas flow might be measured di-
rectly or indirectly. All of these parameters can be
summed as engine parameters. Said parameters can
comprise a specific predefined correction factor.
[0039] Therefore, the amount of reducing agent can
be determined according to specific circumstances which
occur in use of the engine.
[0040] Such measurements can be made for each cyl-
inder separately.
[0041] The amount of reducing agent can thus be de-
termined for each connection means separately.
[0042] Additionally or alternatively, the adjustment pa-
rameter can be derived through an indirect measure-
ment. This means, that two values are taken into consid-
eration. These values can be measured or can be values
that are in a known correlation to a measured value. Fur-
ther indirect measurements are measurements, form
which measurements a specific parameter is calculated.
For example, the exhaust gas flow may be calculated
based on measured values of the CO, CO2 and/or O2 in
the exhaust gas and of measured values of temperature
and volume of the exhaust gas flow.
[0043] Accordingly, the adjustment parameter may be
derived from a temperature difference of the exhaust gas
before and after the SCR reactor. In particular, the ad-
justment parameter may be derived from a temperature
difference of the exhaust gas before the injection of the
reducing agent and after the SCR reactor or between or
after each of the catalytic elements.
[0044] It is possible, under consideration of the mass
flow of the exhaust gas, to determine the activity of the
SCR, i.e. to determine how much of the NOx has been
reduced. This value can also be compared with the ef-
fective value of injected reducing agent. Hence, a qual-
itative statement on the status of the SCR reactor is avail-
able.
[0045] It is understood as well that the herein described
direct and indirect measurements can be combined to
determine a specific adjustment parameter.
[0046] It is possible to determine the wear and/or the
efficiency loss and/or activity deviation and/or fouling of
the SCR-reactor if the temperature difference of a first
and a second and optionally any subsequent measure-
ment is compared to each other. In case the deviation of
the difference exceeds a pre-defined value, such as a
mean deviation over time, it can be determined that the
SCR-reactor is not working properly any more. Advanta-
geously, those measurements include additional factors
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such as outside temperature, scavenge air humidity, en-
gine load, engine speed, exhaust gas mass flow, firing
pressure, exhaust gas temperature, scavenge air tem-
perature, scavenge air pressure, compression pressure
and any other possible influencing factor.
[0047] The measurements as herein described can be
continuous measurements or discontinuous measure-
ments. A discontinuous measurement can be repeated
according to specific conditions. For example the meas-
urement can be repeated randomly between 100 Hz and
once per hour. Alternatively, the discontinuous measure-
ment can be clocked according to the engine revolution
i.e. to the revolution of the crankshaft or its multiple.
Those measurements can be averaged, e.g. for a specific
period or a specific amount of measurements. The peri-
ods may be altered depending on the load of the engine,
e.g. during acceleration, the period might be shorter than
during continuous load while driving on a constant veloc-
ity.
[0048] Continuous measurement enables to provide a
zero delay controlling, discontinuous measurements en-
ables to reduce energy, in particular relevant for wireless
sensors for example, and furthermore, the control system
does not react to single measurements which might be
flawed. Hence, the system reacts on average measure-
ments only.
[0049] It is understood that for some measurements a
continuous measurement is preferred and for other val-
ues a discontinuous measurement is preferred. Both
methods can be combined.
[0050] According to another aspect of the invention a
method for determining the functionality and/or aging of
a catalytic reactor in a propulsion system, preferably a
propulsion system of a ship, in particular in a propulsion
system as previously described, is provided comprising
the steps of

- measuring a first exhaust gas temperature upstream
of the catalytic reactor

- measuring a second exhaust gas temperature down-
stream of the catalytic reactor

- determining an activity value of the catalytic reactor
from the first and the second exhaust gas tempera-
ture.

[0051] By measuring a first and a second exhaust gas
temperature, the temperature difference can be deter-
mined which gives an indication of the activity of the cat-
alytic reactor. This way the activity can easily be deter-
mined.
[0052] Different activity values over time can be com-
pared to determine the aging of the catalytic reactor, in
particular under consideration of other status variables
such as temperature of scavenge air, scavenge pres-
sure, humidity of scavenge air, temperature of cooling
system, temperature of exhaust gas, pressure inside the
cylinder, in particular the firing pressure or the compres-
sion pressure, ambient temperature, ambient pressure,

ammonia slip, reducing agent quality, air-fuel ratio
(Lambda), fuel amount, sulfur content of the fuel, valve
positions, engine load, engine speed, exhaust gas mass
flow.
[0053] This method provides an easy and cost efficient
way to determine aging of the catalytic reactor by com-
paring different activity values over time, in particular un-
der similar conditions.
[0054] Generally, the temperature difference is based
on a measurement of temperature difference over the
SCR, corrected by a temperature difference caused by
hydrolysis in the SCR. The total reaction upstream of the
catalytic reactor, comprises a thermolysis and a hydrol-
ysis reaction:

[0055] The thermolysis reaction is endotherm, the hy-
drolysis reaction is exotherm. Since the exact portion of
hydrolysis is not known, it is either possible to apply an
empiric correction factor to determine the activity of the
catalytic converter or to measure the urea mass flow and
determine what the deviation of the theoretical temper-
ature difference and the actual temperature difference
is. In this case the first temperature difference is meas-
ured between a first temperature upstream of the reduc-
ing agent injection and a second temperature down-
stream the reducing agent injection and upstream the
catalytic reactor. This difference is used to determine the
amount of hydrolysis reaction. Based on this deviation
the hydrolysis portion can be calculated and the activity
of the catalytic converter can be calculated.
[0056] Alternatively, the activity of the catalytic con-
verter can be determined by

- measuring the urea mass flow, which yields how
much water needs to be evaporated, how much urea
needs to be thermally dissolved and how much iso-
cyanic acid (HNCO) is present;

- measuring the exhaust mass flow;

- measuring a first temperature upstream of the urea
injection;

- measuring a second temperature downstream the
catalytic converter;

- calculating the difference between the first and the
second temperature;

- adding a temperature amount to the calculated dif-
ference, accounting for the temperature by which the
exhaust is cooled by evaporation of water;

Thermolysis: (NH2)2CO →  NH3 + HNCO
Hyd rolysis: UNCO + H2O →  NH3 + CO2

Total reaction: (NH2)2CO + H2O →  2NH3 + CO2
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- deducing an amount accounting for the warming of
the exhaust due to hydrolysis of the total amount of
isocyanic acid;

- applying a correction factor for side reactions.

[0057] The remaining temperature difference is based
on the reaction in the catalytic converter, which can be
used for the determination of the activity and/or for De-
NOx-determination. The DeNOx is the degree of removal
of NOx from the exhaust.
[0058] Another aspect of the invention concerns a ship
comprising a propulsion system as herein described.
[0059] The propulsion system can thus be configured
according to the intended use of the ship or its size.
[0060] Another aspect of the invention concerns a ship
comprising a two stroke internal combustion engine
working with a method as herein described.
[0061] Another aspect of the invention concerns a con-
trol system for controlling the injection of a reducing agent
into a connection, and in particular into connection
means, between an outlet of a cylinder and an exhaust
gas receiver. Preferably, the control system is for use or
used with a propulsion system as previously described.
The control system includes at least a first input channel
and a first output channel. A specific start value for an
amount of reducing agent is adjusted based on an ad-
justment parameter. The adjustment parameter is de-
rived from at least one of a direct or an indirect measure-
ment of an engine parameter as herein described of the
internal combustion engine. The adjustment parameter
is received at the first input channel. The altered start
value is used to control the injection of a nozzle valve for
the reducing agent.
[0062] It might be advantageous to provide an output
channel and/or an input channel for each of the nozzle
valves.
[0063] The control system might be independently fab-
ricated can be delivered independently with respect to
the engine control as such. Hence, such a control system
can be used for retrofitting an existing propulsion system.
[0064] Additionally, the control system might have at
least a second input channel. The adjustment parameter
may be derived from a combination and in particular from
a calculated difference of the signals of the at least first
and second input channel.
[0065] Hence, independently of outer circumstances,
a comparison of two states is possible, e.g. the temper-
ature before and after the SCR. Hence, a statement of a
reaction which happened in a section between two meas-
urement points can be made.
[0066] Another or an additional aspect of the invention
concerns a propulsion system with a two stroke internal
combustion engine, preferably an internal combustion
engine as herein described, comprising a control system
as herein described with at least one sensor for the meas-
urement of at least one engine parameter, in particular
for the measurement of at least one of the following pa-

rameters: temperature of scavenge air, scavenge pres-
sure, humidity of scavenge air, temperature of cooling
system, temperature of exhaust gas, pressure inside the
cylinder, in particular the firing pressure or the compres-
sion pressure, ambient temperature, ambient pressure,
ammonia slip, urea quality, air-fuel ratio (Lambda), fuel
amount, valve positions, turbocharger speed, engine
load, engine speed, exhaust gas mass flow.
[0067] Further advantageous aspects of the invention
are explained in the following by means of exemplary
embodiments and the figures. In the drawings, in a sche-
matic manner:

Figure 1: shows an SCR-reactor with respective sen-
sors

Figure 2: shows a common rail with a first arrange-
ment of nozzles

Figure 3: shows a common rail with a second arrange-
ment of nozzles

Figure 4: a partial view of an internal combustion en-
gine

[0068] Figure 1 shows an SCR-reactor 10, connected
upstream to a (not shown) exhaust gas receiver through
an exhaust gas pipe 1. Downstream of the SCR-reactor
10, an exhaust pipe 1’ is shown which connects the SCR-
reactor 10 to ambient. The stream of the exhaust gas is
indicated by the arrow F.
[0069] Upstream of the SCR-reactor 10, two temper-
ature sensors 101 and 102 are arranged. A urea injection
device 200 is arranged between said sensors 101 and
102. Downstream of the SCR-reactor, a further temper-
ature sensor 103 is arranged.
[0070] Temperature sensor 101 provides a measure-
ment of the temperature before the injection of urea 201
at the injection device 200. Said measurement is referred
as Tbef_Urea.
[0071] Temperature sensor 102 provides a measure-
ment of the temperature after the injection of urea 201
at the injection device 200. Said measurement is referred
as TSCR_IN.
[0072] Temperature sensor 103 provides a measure-
ment of the temperature downstream of the SCR-reactor.
Said measurement is referred as TSCR_OUT.
[0073] The massflow m in the exhaust gas pipe 1 may
be determined by direct or indirect measurement.
[0074] If m is known by measurement (direct or indi-
rect), the heat reduction of the exhaust flow by urea in-
jection can be calculated. From this heat reduction the
amount of injected urea solution could be calculated. For
providing a reliable result, the exhaust gas pressure and
temperature and the temperature of the urea solution be-
fore injection is being measured. The urea consumption
might also be measured directly by a flow meter. If the
amount of urea and the temperature of the exhaust gas
is known, also the amount of Isocyanic acid (HNCO) can
be determined. With the amount of HNCO known, the
temperature rise in the SCR because of the Hydrolysis
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of HNCO can be calculated. This temperature rise is be-
ing subtracted from the measured temp rise (Tbef_Urea -
TSCR_IN) over the SCR reactor. The remaining tempera-
ture difference has to be caused by SCR reaction and
side reactions. For each reaction the enthalpies are
known. As side reactions are playing a minor role, cor-
rection factors can be used for them. After all corrections
the remaining amount of temperature rise is caused by
SCR reaction and from that the amount of reduced NOx
can be calculated. Generally, the temperature difference
is based on a measurement of temperature difference
over the SCR, corrected by a temperature difference
caused by hydrolysis in the SCR. The total reaction up-
stream of the catalytic reactor, comprises a thermolysis
and a hydrolysis reaction:

[0075] The thermolysis reaction is endotherm, the hy-
drolysis reaction is exotherm. Since the exact portion of
hydrolysis is not known, it is either possible to apply an
empiric correction factor to determine the activity of the
catalytic converter or to measure the urea mass flow and
determine what the deviation of the theoretical cooling
down and the actual cooling down is. Based on this de-
viation the hydrolysis portion can be calculated and the
activity of the catalytic converter can be calculated.
[0076] Furthermore, it is possible to determine the
quality or the wear and/or the efficiency loss and/or ac-
tivity and/or fouling of the SCR-reactor. A first measure-
ment of the temperature difference, made in the work-
shop, can be compared to a second and /or subsequent
temperature difference in use. If the second temperature
deviates for example more than a predetermined thresh-
old value, e.g. 15% from the first temperature difference,
this might be an indicator, that the catalytic reactor has
to be replaced. Preferably, those measurements are
compared under similar conditions, such as scavenge
air temperature, scavenge air humidity, exhaust mass
flow, engine load, engine speed and/or exhaust gas tem-
perature and/or scavenge air pressure and/or scavenge
air temperature and/or other factors
Figure 2 shows a first arrangement of nozzles 201. Said
nozzles 201 are connected through a dosing valve 202
to a common rail 205. The common rail 205 comprises
reducing agent under pressure. The common rail 205
can be uncoupled through two shut-off valves 203. A
drain valve 204 is foreseen. Each of the dosing valves
202 is separately controllable and can be opened from
0% to 100%.
[0077] Figure 3 shows a second arrangement of noz-
zles 201, similar to the arrangement of figure 2, but com-
prises additionally a second common rail 206, comprising
pressurized air. The second common rail 206 is connect-
ed to the nozzles 201 through air dosing valves 208. The

Thermolysis: (NH2)2CO →  NH3 + HNCO
Hydrolysis: HNCO + H2O →  NH3 + CO2

Total reaction: (NH2)2CO + H2O →  2 NH3 + CO2

air dosing valves 208 can be opened from 0% to 100%.
For the sake of simplicity, for the description of the first
common rail, reference is made to figure 2 and thus not
repeated. The air dosing valves 208 can optionally be
controlled independently of the dosing valves 202. The
second common rail 206 can be uncoupled through two
shut-off valves 207.
[0078] Figure 4 shows a partial view of an internal com-
bustion engine 100 in a schematic manner. For the sake
of simplicity, only one of a plurality of same elements is
referenced by reference number. The combustion engine
100 comprises four connection means 2, each of them
has an inlet which is connected to a cylinder (not shown)
and an outlet which is connected to the exhaust gas re-
ceiver 11 by an exhaust gas stub, namely a pipe 21. A
urea injection device 201 is assigned to each of the pipes
21. The urea injection devices 201 are connected through
a common rail 209 to each other and to a reservoir (not
shown) comprising a reducing agent, namely urea.

Claims

1. Propulsion system comprising a two stroke internal
combustion engine, in particular a diesel engine,
comprising at least two cylinders, each of them com-
prising a piston, said piston being arranged in a
crosshead configuration, each of the cylinders hav-
ing an outlet, said outlets being connected to an ex-
haust gas receiver by connection means, in partic-
ular by pipes, providing a connection between each
outlet and the exhaust gas receiver,
an SCR-reactor which is arranged in or downstream
of the exhaust gas receiver
a reservoir comprising a reducing agent, wherein
said reducing agent is injectable into the connection
means by means of at least two nozzles, preferably
one nozzle per connection means,
the nozzles are connected to each other by a com-
mon rail characterized in that
between reservoir and nozzles, preferably between
common rail and nozzles, there is provided at least
one nozzle valve.

2. The propulsion system according to claim 1 charac-
terized in that the mass flow of reducing agent
through the nozzles is controllable by the control
means in a closed-loop manner.

3. The propulsion system according to one of claims 1
or 2,
wherein the nozzles are arranged inside of the con-
nection means and/or being formed as a multijet noz-
zle

4. Method for reducing NOx emissions of an internal
combustion engine, in particular a two stroke diesel
engine, in particular of a propulsion system accord-

11 12 
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ing to one of claims 1 to 3, characterized in that the
amount of a reducing agent, which is injected into a
connection between an outlet of a cylinder and an
SCR-reactor through a nozzle is determined by
means of an adjustment parameter, said adjustment
parameter being derived from at least one of a direct
or an indirect measurement of an engine parameter
of the internal combustion engine and/or of a control
parameter of the internal combustion engine.

5. The method according to claim 4, characterized in
that the adjustment parameter is derived from a NOx
measurement of a NOx sensor, said NOx sensor be-
ing preferably arranged upstream of the SCR-reac-
tor.

6. The method according to claim 4, characterized in
that the adjustment parameter is derived from at
least one measurement of the following parameters:
temperature of scavenge air, scavenge pressure,
humidity of scavenge air, temperature of cooling sys-
tem, temperature of exhaust gas, pressure inside
the cylinder, in particular the firing pressure or the
compression pressure, ambient temperature, ambi-
ent pressure, ammonia slip, reducing agent quality,
air-fuel ratio (Lambda), fuel amount, sulfur content
of the fuel, valve positions, engine load, engine
speed, exhaust gas mass flow, wherein preferably
said measured parameter is modified with a respec-
tive predefined correction factor.

7. The method according to claim 4 wherein the adjust-
ment parameter is derived from a combination of the
adjustment parameter of at least two of the methods
according to claims 5 or 6.

8. The method according to claim 7, wherein at least
one of the measurements is a continuous measure-
ment.

9. Method for determining the functionality and/or aging
of a catalytic reactor of a propulsion system, prefer-
ably a propulsion system of a ship, in particular a
propulsion system according to any one of claims 1
to 3, comprising the steps of

- measuring a first exhaust gas temperature up-
stream of the catalytic reactor
- measuring a second exhaust gas temperature
downstream of the catalytic reactor
- determining an activity value of the catalytic
reactor from the first and the second exhaust
gas temperature.

10. Method according to claim 9 characterized in that
different activity values over time are compared to
determine the aging of the catalytic reactor, in par-
ticular under consideration of other status variables

such as temperature of scavenge air, scavenge
pressure, humidity of scavenge air, temperature of
cooling system, temperature of exhaust gas, pres-
sure inside the cylinder, in particular the firing pres-
sure or the compression pressure, ambient temper-
ature, ambient pressure, ammonia slip, reducing
agent quality, air-fuel ratio (Lambda), fuel amount,
sulfur content of the fuel, valve positions, engine
load, engine speed, exhaust gas mass flow.

11. Ship comprising a propulsion system according to
one of claims 1 to 3.

12. Ship comprising a two stroke internal combustion
engine working with a method according to one of
claims 4 to 10.

13. Control system for controlling the injection of a re-
ducing agent into a connection between an outlet of
a cylinder and an exhaust gas receiver, in particular
a control system for controlling a propulsion system
according to one of claims 1 to 3, including at least
a first input channel and a first output channel, char-
acterized in that a specific start value for an amount
of reducing agent is adjusted based on an adjust-
ment parameter which is derived from at least one
of a direct or an indirect measurement of an engine
parameter of the internal combustion engine which
is received at the first input channel, said altered start
value is used to control the injection of a nozzle valve
for the reducing agent.

14. Control system according to claim 13 comprising at
least a second input channel, wherein the adjust-
ment parameter is derived from a combination and
in particular from a calculated difference of the sig-
nals of the at least first and second input channel.

15. Propulsion system with a two stroke internal com-
bustion engine, in particular a diesel engine, in par-
ticular a propulsion system according to one of
claims 1 to 3, comprising a control system according
to claim 13 or 14 and at least one sensor for meas-
urement of at least one of the following parameters:
temperature of scavenge air, scavenge pressure,
humidity of scavenge air, temperature of cooling sys-
tem, temperature of exhaust gas, pressure inside
the cylinder, in particular the firing pressure or the
compression pressure, ambient temperature, ambi-
ent pressure, ammonia slip, urea quality, air-fuel ra-
tio (Lambda), fuel amount, valve positions, turbo-
charger speed, engine load, engine speed, exhaust
gas mass flow.
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