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(57) Abstract: The present invention relates to a system preferably being an exhaust system or a part of a system such as a part of
&= an exhaust system for a combustion engine. The system or the part of the system comprising a pipe (1) through which a fluid, such
€\ as exhaust gasses, flows; a nozzle (3) adapted to atomize a liquid, being disposed. to crystallize as a result of contact with the fluid
and adapted to introduce the liquid through one or more outlets into the pipe (1). The nozzle (3) being arranged so that the region
being sprayed and/or the mixing region in which a mixing between the liquid being atomized by the nozzle and the fluid flowing in

the pipe occur is/are flushed by fluid flowing through the pipe.
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A NOZZLE ARRANGEMENT

FIELD OF THE INVENTION
The present invention relates to delivery of a fluid into a flowing fluid, and in
particular to delivery of a reducing agent into an exhaust system of a combustion

engine.

BACKGROUND OF THE INVENTION

In order to remove nitrogen oxides from the exhaust gasses of combustion
engines, reducing agents such as e.g. liquefied urea is often introduced into the
exhaust systems. This is typically done by use of a nozzle that ensures
atomization of the reducing agent. However, the introduction of reducing agents
often results in deposits in the form of crystals or amorphous structures building
up e.g. in the nozzles used to deliver the reducing agent or in the exhaust pipes
and/or on surfaces of the exhaust system. These deposits grow in size over time
and thereby result in a poorer atomization and a poorer control of the delivered
amount. They must therefore be removed from time to time which requires

dismantling of parts of the system.

In accordance with the present invention, it has been realised that formation of
deposits often occurs in regions of the exhaust system where recirculation regions
are present. Formation of deposits may also occur where so-called initiating points
are present, which initiating points are regions of a wall into which the atomized
reducing agent flows towards and contacts and where depositing is initiated and
growth out from. Initiating points are often burrs, cams, projections, knobs, high
spots or the like.

Hence, an improved system and method for removal of nitrogen oxides from

exhaust gasses without build-up of deposit would be advantageous.

OBJECT OF THE INVENTION

It is an object of the present invention to mitigate at least some of the
disadvantages pertaining to deposits resulting from delivery of a fluid into a
stream of fluid.
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It is a further object of the present invention to provide an alternative to the prior
art.

SUMMARY OF THE INVENTION

Thus, the above described object and several other objects are intended to be

obtained in a first aspect of the invention by providing a system preferably being

an exhaust system or a part of a system such as a part of an exhaust system for

a combustion engine, the system or the part of the system comprising

- a pipe through which a fluid, such as exhaust gasses, flows

- a nozzle adapted to atomize a liquid, being disposed to crystallize as a

result of contact with the fluid flowing through the pipe and adapted to introduce

the liquid through one or more outlets into the pipe,

wherein the nozzle being arranged so that

- the region being sprayed

and/or

- the mixing region in which a mixing between the liquid being atomized by
the nozzle and the fluid flowing in the pipe occur

is/are flushed by fluid flowing through the pipe.

The term regions being sprayed is preferably used to designate the region
receiving the atomized liquid from the spraying action of the nozzle; the region
may include wall parts of the pipe.

The term mixing regions is preferably used to designate the region in which the
atomised liquid, such as liquefied urea, is yet not fully evaporated (converted) to
gas and/or preferably the region in which the atomised liquid does not yet have
the same velocity and direction as the fluid flowing through the pipe. The mixing
regions extends typically 1 m or 10 pipe diameters down stream of the opening of
the nozzle in particular when an exhaust system with introduction of liquefied urea

is considered.

The term flushed is preferably used to designate the transportation of atomized
liquid (drops), such as liquefied urea (drops), by the fluid flowing in the pipe away

from the regions in question.
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When referring to the orientation of a nozzle plate here and in the following, it is
assumed that the thickness of the plate is significantly smaller than the
dimensions perpendicular thereto, and the orientation refers to the orientation of
the plane which extends perpendicular to the thickness direction. A corresponding
understanding is to be applied even if the thickness is of the same order of
magnitude as the other dimensions, such as a diameter of a circular plate.

Although the invention is disclosed in connection with feeding liquefied urea to an
exhaust system of a combustion engine it is envisaged that the invention is
applicable in a broader sense and with other fluids.

BRIEF DESCRIPTION OF THE FIGURES

The system and method used to deliver a fluid into a stream of a fluid according
to the invention will now be described in more detail with regard to the
accompanying figures. The figures show one way of implementing the present
invention and is not to be construed as being limiting to other possible
embodiments falling within the scope of the attached claim set.

Fig. 1 is a schematic illustration of various flow regimes related to the present

invention,

Fig. 2 schematically a combustion engine with exhaust system,

Fig. 3 shows schematically a longitudinal cross section view of an embodiment of
embodying a nozzle into a straight part of an exhaust pipe according to the

present invention,

Fig. 4 shows schematically a longitudinal cross section view of a further
embodiment of embodying a nozzle into a straight part of an exhaust pipe
according to the present invention

Fig. 5 shows schematically a longitudinal cross section view of an embodiment of
embodying a nozzle into a bend in an exhaust pipe according to the present

invention
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Figure 6 shows a cross sectional view of an embodiment in which the length
direction of the nozzle is perpendicular to the pipe wall, and the nozzle plate has a
blunt angle with the pipe wall.

Fig. 7 and 8 shows each preferred embodiment of nozzle tips according to the

present invention,

Fig. 9 shows schematically introduction of a reducing agent preferably being

liquefied urea into a stream of exhaust gasses streaming in a vortex pattern.

DETAILED DESCRIPTION OF AN EMBODIMENT

Fig. 1 shows schematically various flow regimes related to the present invention.
Fig. 1a-c shows a flow regime which is aimed at being avoided.

Fig. 1 shows in particular a flow pipe 1 in a cross sectional view being a part of an
exhaust pipe running from the engine and to a catalytic system. The pipe 1 is
tubular shaped and comprises a sharp increase in cross sectional area in the
stream wise direction in form of a step 2. A nozzle 3 is arranged at the corner 4 of
the step 2.

The nozzle receives fluidised urea and spray a mist of droplet into pipe 1 and thus
into the exhaust gasses which flow from right to left in the figures. These droplets
are exposed to a force from the flow of the exhaust gasses which force tends to
grip the droplets and force them in the direction of the flow of the exhaust gas -
this effect being, of course, depending on a number of factors such as size of
droplet, velocity and direction of the droplets when they leave the nozzle, and
momentum of the exhaust gas. However, the velocity and direction of the droplets
are balanced against the momentum of the exhaust gasses so that droplets are
not sprayed onto the opposite wall of the pipe as this would cause unwanted
deposits thereon. Thus, the droplets are picked up by the exhaust gas and travels

with the exhaust gas downstream in the pipe.
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In the stepped pipe shown in fig. 1a-c, the step will create a recirculation region
(the Reynolds number are considered to be so high that a creeping flow is not
present). Particles present in streamlines outside the recirculation region 5 will
have a tendency to flow into the recirculation region and flow towards the region
labelled 6 of the wall where initial depositing occurs. Once such initial depositing
has occurred a further build up of urea will take place in a direction upstream into
the recirculation region so as to fill the recirculation region with deposits as
indicated fig. 1b.

After the recirculation region has been filled with deposits, the depositing
continues and the front of the deposits reaches the outlet of the nozzle resulting
in that the nozzle sprays directly into the deposits which situation eventually end
with a clogging of the nozzle (fig. 1¢).

Fig. 1d and e shows two examples according to the present invention in which the
build up of deposits are avoided or at least the risk for depositing is made

dramatically smaller.

In fig. 1d the pipe 1 is formed as a diffuser wherein the cross sectional area
evolves in a smooth manner to provide an enlargement of the cross section. In
this example smooth is defined so that recirculation does not occur in the region
where the cross section expands at least when no spraying from the nozzle occur.

As indicated in fig. 1d, the spray of droplets into the exhaust gasses will have a
tendency to skew the flow so that the flow of exhaust gasses is forced towards,
the wall opposite to the wall where the nozzle is arranged. However, the skewness
is not sufficient to generate a recirculation region and the flow of exhaust gasses
is attached to the wall of the diffuser.

A similar skewness is present in the example shown in fig. 1e. In this example the
pipe is also tubular shaped but has a constant cross section at least in the region
where the droplets are introduced into the exhaust gasses. Also in this example
the flow stays attached in the region where the droplets entrain the flow of
exhaust gasses.
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In the above disclosed scenarios, the temperature of the walls of the pipes is
considered to be low, typically lower than 152°C. If the temperature of the walls is
higher, typically above the evaporation temperature of the liquid of the droplet,
which in case of liquefied urea means above 152°C, depositing of urea caused by
droplets of urea hitting the walls may be avoided. This is due to evaporation of
the droplets hitting the walls with no or only very limited formation of
crystallisation of urea as deposits. This is due to the drops impacting the hot walls
will bounce of on a vapour layer and re-enter the gas stream. Urea not solute in

water will evaporate at 152°C and convert to ammonia and iso-cyanuric acid gas.

Thus, when the nozzle is arranged in a region where the temperature of the wall
is higher than the evaporation temperature of the liquid, it may not crucial to
avoid spraying droplets directly to the wall as such droplet will evaporate and the
exhaust gasses will flush the region being sprayed.

The temperature of the walls of the exhaust system will during start-up be lower
than the evaporation temperature of the liquid and if the nozzle is arranged so
that droplets hitting the walls may occur, it may be decided that the atomization
not performed until the temperature has increased to the desired level. This may
e.g. be controlled by arranging a temperature sensor in the exhaust system
measuring the temperature of the wall and signalling the temperature to a
controlling unit which controls the feed of fluid to the nozzle so that the nozzle
only delivers droplets of fluid when the temperature is above the desired level. In
a particular preferred embodiment where urea is dosed, the temperatures of the
exhaust gasses is measured at the inlet and at the outlet of the catalytic converter
and these temperatures are used to control when the urea is to be dosed into the
system. In a preferred embodiment, dosing is initiated when the temperature
measured in the inlet of the catalytic converter is higher than 200°C, or when the
both the temperature at the inlet and outlet of the catalytic converter is above
200°C

The exhaust system comprises a catalytic unit arranged downstream of the
nozzle. The nozzle should be placed as far away from the catalytic unit as
possible to allow the liquid urea drops to fully vaporise. Preferable more than 10
times the diameters or 1000 mm, which ever one is the largest.
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The surface of the wall of the pipe should be smooth, in the sense that no burrs,
sharps edges etc are present.

Figure 2 shows schematically an exhaust system which comprises sharp corners
edges etc wherein the risk of urea depositing on the surfaces are present. The
exhaust system comprises an exhaust pipe 1 — or a number of exhaust pipe
pieces 1 — extending from a motor 6 and to a catalytic converter 7.

Fig. 3a shows schematically a longitudinal cross section view of an embodiment of
embodying a nozzle into a straight part of an exhaust pipe according to the
present invention. In the embodiment of fig. 3, the outlet end 8 of the nozzle 3 is
shaped and arranged so as to reflect the shape of the inner surface of the pipe 1
so that the outlet end 8 of the nozzle 3 is at the same level as the inner surface of
the pipe 1 when the nozzle 3 is arranged in the pipe 1. In some embodiment, the
outlet end of the nozzle 3 is constituted by the nozzle it self as the nozzle extends
through the wall of the pipe 1. However, in other embodiments the nozzle sprays
through penetration provided in the wall of the pipe 1 and in such embodiments
the outlet end of the nozzle is considered to comprise the wall of the pipe. In
many preferred embodiments, the pipe 1 has a circular cross section and in these
cases the outlet end 8 of the nozzle 3 is shaped as part of a cylinder. By arranging
the outlet end 8 of the nozzle 3 at the same level as the inner surface of the pipe
1 the risk of generating a flow pattern comprising re-circulation and/or other dead
flow regions which are not flushed is highly minimised thereby the risk of
producing deposits is also minimized.

Fig. 3a also shows that the nozzle 3 is shaped so that the spray of droplet is
directed perpendicular to the pipe and into the exhaust stream. Furthermore, the
spray is adapted so that the opposite side of the pipe (as seen from the outlet of
the nozzle 3) is not sprayed when no flow of exhaust gas through the pipe 1 is
present - fig. 3a shows the spraying when no flow of exhaust gas through the
pipe is present. Fig. 3b shows the shape of the spray when the nozzle 3 sprays
into a stream of exhaust gasses flowing from left to right in fig. 3b as indicated by
the arrow labelled F. It is seen that the spray is distorted downstream due to the
action of the exhaust gasses on the droplets.
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Fig. 4 shows schematically a longitudinal cross section view of a further
embodiment of embodying a nozzle into a straight part of an exhaust pipe
according to the present invention. In the embodiment of fig. 4 the nozzle 3 is
arranged in an elevation 9 provided in the pipe 1. The elevation 9 is shaped as a
knob having a smooth outer contour so as to minimize the risk of generating re-
circulation and/or dead flow regions around the knob and the outlet of the nozzle
3. Also in this embodiment, the outlet end 8 of the nozzle 3 is shaped and
arranged so as to reflect the shape of the inner surface of the pipe 1 so that the
outlet end 8 of the nozzle 3 is the same level as the inner surface of the pipe 1
when the nozzle 3 is arranged in the pipe 1.

Fig. 4a also shows that the nozzle 3 is shaped so that the spray of droplet is
directed downstream into the pipe as the exhaust gasses are going to flow from
right to the left (fig. 4a shows the situation where no flow of exhaust gasses is
present). Furthermore, the spray is adapted so that the opposite side of the pipe
(as seen from the outlet of the nozzle 3) is not sprayed when no flow of exhaust
gas through the pipe 1 is present. Fig. 4b shows the shape of the spray when the
nozzle 3 sprays into a stream of exhaust gasses flowing from right to left in fig. 4b
as indicated by the arrow labelled F. It is seen that the spray is distorted
downstream due to the action of the exhaust gasses on the droplets.

Fig. 4c shows a situation where the spray is directed opposite direction of the
exhaust gas flow (the exhaust gasses flow in the direction of the arrow labelled F).
In such spray orientations the velocity gradient between drops and gas flow is
higher compared to having the spray directed downstream. Due to the larger
velocity gradient the heat transfer from gas to drop is increased and the
evaporation velocity of the drop is increased. The distance to the catalytic unit can
in this case be reduced.

Fig. 4d a three dimensional cross sectional view of the embodiments shown in fig.
4a-d.
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Fig. 5 shows schematically a longitudinal cross section view of an embodiment of
embodying a nozzle into a bend 10 in an exhaust pipe according to the present
invention. Fig.s 5a and 5b show the shape of the spray when no flow of exhaust
gasses is present while fig. 5¢ shows the shape of the spray of the embodiment
shown in fig. 5b when a flow of exhaust gasses is present from left to right. In this
embodiment, the nozzle 3 is arranged in a knob shaped elevation as in fig. 4. In
fig. 5a the pipe 1 before and after the bend 10 extends straight at least for a
distance and the nozzle 3 is arranged in the elevation 10 so that the axis of
symmetry of the spray — when no flow of exhaust gasses is present - is aligned
with the axis of symmetry of the straight part of the pipe down stream of the
nozzle 3 as indicated in fig. 5a (the exhaust gas flows from left to right in fig. 5a).

While the bend 10 of fig. 5a is 90 degrees the bend 10 of fig. 5b is smaller. In
such embodiments it may be preferred to arrange the nozzle so that the spray is
not aligned with an axis of symmetry of downstream part of the pipe and adapt
the spray to not spray onto the opposite side of the pipe 1. Thereby the elevation
may be shaped so that the risk of generating re-circulation and/or dead flow

regions is minimised.

While fig. 5b shows the shape of the spray 20 when no flow of exhaust gasses is
present, fig. 5¢c shows the shape of the spray 20 when a flow of exhaust gasses is
present in the pipe 1 from left to right as indicated by the arrow labelled F. From
fig 5¢ it is seen that the nozzle is arranged and the spray is adapted so that the
spray is distorted in a down stream direction so that the resulting spray is directed

in downstream direction.

In many of the preferred embodiments of the present invention, the spray is
adapted e.g. so that it does not spray onto the opposite side of the pipe 1. Such
adaptation is preferably provided by controlling the momentum of the droplets by
controlling the velocity and droplet size of the droplet. This may be accomplished
inter alia by controlling the pressure of the fluid flowing towards various nozzle
types, and in the following a nozzle arrangement being particular advantageous in
this connection will be disclosed.
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Figure 6 is a schematic cross-sectional view of a nozzle 3 according to an
embodiment of the present invention. The nozzle 3 which guides fluid from the
feeding device, such as a pump with a reservoir for storing a reducing agent such
as liquefied urea, to an exhaust gas comprises a tubular shaped channel part 11
having at its inlet a strainer 12 and at its outlet nozzle plate 13. The outlet of the
nozzle plate 13 is arranged in a wall of a pipe 1 leading exhaust gasses from a
combustion engine to a catalyst. It should be noted that figure 6 is not in scale;
the longitudinal extension | of the channel part is typically many times larger than
the diameter d of the channel part.

The downstream region of the channel part 11 is arranged in the wall of the
exhaust pipe 1 in such a manner that thermal contact between said region of the
channel part 11 and the pipe wall surrounding the channel part 11 is established.
This may be provided in a number of ways, for instance by shaping the channel
part 11 and the hole in the exhaust pipe 1 so that the channel part is press-fitted
into the wall of the exhaust pipe, or the channel part 11 is welded, soldered,
glued, or the like to the wall. In a further embodiment (not shown), a flange
adapted to receive the channel part 11 for attachment thereof to the exhaust pipe
1 is applied.

Although, the channel part 11 in the embodiment of figure 6 is disclosed as having
a constant cross sectional area through-out its longitudinal extension, the cross
sectional area may decrease or increase in the direction towards the outlet plate
13. Furthermore, the cross section may deviate from circular and may be e.g.
elliptic. However, a cross section with corners, e.g. square-shaped, is typically
less attractive as it may produce re-circulating flow or areas with no flow in or at
the vicinity of such corners. When the internal diameter of the channel part 11 is
not constant, at least a region of the channel part 11 in the vicinity of the outlet
plate 11 should be sufficiently small to assure that a stable liquid-gas interface is
generated.

The fluid is discharged through one or more nozzle channels 14 in the nozzle plate
13. The nozzle 3 in figure 6 has two converging nozzle channels 14 each
extending from the interior surface of the channel part 11 and to the outer surface
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of the nozzle plate 13. Hereby it is possible to obtain atomization of the first fluid
by letting the two jets of fluid impinge one another and hereby form droplets.

In another embodiment (not shown) there is only one nozzle channel, and instead
the internal diameter of the channel part is so small and the flow into which the
reducing agent is introduced has sufficient momentum to disperse the jet
emerged from the end of the channel part.

The nozzle 3 may be equipped with other types of atomization devices than the
one shown in figure 6. For instance, a venturi-shaped outlet may be applied to the
end of the channel part 11 to provide atomization, or the outlet may be shaped as
a hollow cone, full cone, flat fan, solid stream atomizer, or the like.

During use of the nozzle 3, the demands for reducing agent will typically vary to a
large extent. In order to handle very broad ranges, the feeding of reducing agent
through the nozzle 3 is typically done with pulse width modulation, typically so
that the flow through the fluid guide stops completely at some instants in time.
During these instants where no fluid is flowing through the nozzle 3, heat from the
hot exhaust gasses will start to evaporate fluid present in the vicinity of the nozzle
plate 13. Thereby a liquid-gas interface 15 will be created above which the fluid is
a liquid and below which the fluid is a gas.

The size of the cross section of the channel part 11 is selected so that the surface
tension of the liquid-gas interface will be sufficient to keep the liquid-gas interface
15 stable at least when the interface is orientated facing in the direction of the
gravity. In other embodiments, the cross section of the channel part 11 is
selected so that the interface is stable irrespectively of its orientation relatively to

the gravity.

The presence of a gas comprising reducing agent may have a tendency to create
deposits on interior surfaces of the downstream end of channel part 11 and on the
surface of the nozzle plate 13 facing upstream. However, such deposits are
removed either as the temperature in the regions of the deposits reaches the
decomposition temperature of the deposits, or the deposits are decomposed or
eroded when liquid flows pass these regions during a pulse, by purging off the
evaporated liquid or a combination thereof.
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Boiling of reducing agent will create large volumes of gas (the expansion factor is
greater than 1000), and this large volume of gas will escape through the nozzle
channels 14 and purge the gas filled part of the fluid guide. This purging reduces
the amount of material, e.g. urea, in the gas filled part of the fluid guide that may
create deposits to an amount that this is too small to make disturbing deposits As
mentioned above, feeding of reducing agent into the exhaust system is typically
done in a pulse width modulated manner. Typically, the pulse width modulation is
divided into periods where no fluid is fed to the channel part and periods wherein
fluid is fed into the channel part. During a first period, fluid is flowing through the
outlet resulting in a cooling of the channel part in the vicinity of the exhaust pipe.
When the fluid flow is stopped in a succeeding second period, heat from the
exhaust gasses and the exhaust pipe will start to heat up fluid present in the
channel part. If the duration of the second period is sufficiently long, the fluid
being present in the channel part in the vicinity of the exhaust pipe will boil and
evaporate out of the nozzle channels, and the interface be created and travel
upstream in the channel part.

When fluid is fed to the channel part during a succeeding pulse, the liquid will
move the interface downstream in the channel part and down to the nozzle

channels where after liquid will flow through the nozzle channels 14.

Fig. 7 and 8 shows two embodiments of elevations 9 wherein a nozzle 3 is
arranged. The embodiments comprises a fixating structure 16 which are fixated to
the wall of the exhaust pipe 1. The surface 17 of the fixating structure 17 is
arranged flush with the interior wall of the exhaust pipe 1. The outlet end 8 of the
nozzle 3 is arranged at a position of the surface of the elevation 9 which points
downstream when exhaust gas is flowing past the elevation 9 (the fluid flow when
no spraying from the nozzle 3 is present is indicated by arrows in the figures).

In fig. 7 a number of indentations 18 are provided in the surface of the elevation
10 which indentation stabilised the boundary layer of the flow along the surface of
the elevation 9 so as to minimise the risk of detachment of the flow.
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In fig. 8 two flow guides acting as vortex generators 19 are arranged upstream of
the outlet end 8 of the nozzle to guide the flow towards the outlet end 8 of the
nozzle and stabilise the boundary layer flow so as to minimise the risk of
detachment of the flow.

It is noted that the indentations 18 and the flow guides 19 may be provided in/at
the surface surrounding the outlet end also in cases where the outlet end is not
arranged in an elevation 9, e.g. be provided in the wall of the exhaust pipe 1
surrounding the outlet end 8 in the embodiment shown in fig. 3.

In fig. 9 a straight exhaust pipe having a tangential and axial mowing gas flow is
displayed. The spray can be orientated parallel or angled in relation to the exhaust
pipe, but offset from the centre. Having the spray placed offset from the centre
provides a larger velocity gradient between drops and gas flow and thereby faster
conversion to ammonia. As the drops are converted the ammonia is picked up by
the tangential gas flow. Due to the gradual conversion the ammonia ends up
being homogeneous distributed over the cross section of the exhaust pipe.

Even though the invention has been described with respect to the second fluid
flowing in a pipe, it is also possible within the scope of the invention that the
second fluid may flow in any other type of closed compartment. It is also covered
within the scope of the invention that the second fluid flows along any wall on
which the nozzle is mounted. This means that the fluid does not necessarily flow

within a closed compartment.

The invention has been disclosed with reference to an atomization principle
according to which the liquid is atomized by two jets of liquid impinge each other.
However, the invention is also applicable in connection with other atomization

principles.

Although the present invention has been described in connection with the
specified embodiments, it should not be construed as being in any way limited to
the presented examples. The scope of the present invention is set out by the
accompanying claim set. In the context of the claims, the terms “comprising” or
“comprises” do not exclude other possible elements or steps. Also, the mentioning
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of references such as “a” or “an” etc. should not be construed as excluding a
plurality. The use of reference signs in the claims with respect to elements
indicated in the figures shall also not be construed as limiting the scope of the
invention. Furthermore, individual features mentioned in different claims, may
possibly be advantageously combined, and the mentioning of these features in
different claims does not exclude that a combination of features is not possible
and advantageous.
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CLAIMS

1. A system preferably being an exhaust system or a part of a system such as a

part of an exhaust system for a combustion engine, the system or the part of the

system comprising

- a pipe through which a fluid, such as exhaust gasses, flows

- a nozzle adapted to atomize a liquid being disposed to crystallize as a
result of contact with the fluid flowing through the pipe and adapted to
introduce the liquid through one or more outlets into the pipe,

wherein the nozzle being arranged so that

- the region being sprayed

and/or

- the mixing region in which a mixing between the liquid being atomized by
the nozzle and the fluid flowing in the pipe occur

is/are flushed by fluid flowing through the pipe.

2. A system according to claim 1, wherein no cavities are present in a region

where the nozzle is arranged

3. A system according to claim 2, wherein the region in which the nozzle is

arranged extend at least five hydraulic diameters downstream.

4. A system according to any of the preceding claims, wherein the region in which
the nozzle is arranged extend at least one hydraulic diameter upstream of the
opening of the nozzle.

5. A system according to the claim 1 or 2, wherein the pipe comprising an
elevation extending into the pipe and wherein the nozzle is arranged in the

elevation.

6. A system according to any of the preceding claims, wherein an outlet end of
the nozzle is shaped and arranged so as to reflect the shape of the inner surface
of the pipe so that the outlet end of the nozzle is at the same level as the inner
surface of the pipe.
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7. A system according to any of the preceding claims, wherein the nozzle is
arranged to spray in downstream flow direction of the fluid flowing in the pipe.

8. A system according to any of the claims 1-7, wherein the nozzle is arranged to
spray in upstream flow direction of the fluid flowing in the pipe.

9. A system according to any of the preceding claims, wherein the nozzle is
arranged in region of the exhaust system where the temperature of the walls of
the exhaust system is larger than the evaporation temperature of the liquid to be
atomised.

10. A system according to claim 9, wherein the liquid to be atomised is liquefied
urea and the temperature is larger than 152°C.

11. A system according to any of the preceding claims wherein the one more
outlets are surrounded by a corrugated surface so as to stabilise the boundary
layer of the fluid flow in the pipe in the vicinity of the outlet(s).

12. A system according to any of the preceding claims, wherein one or more flow
guides are arranged upstream of the one or more outlets to guide the flow
towards the one or more outlets and stabilise the boundary layer of the fluid
flowing in the pipe in the vicinity of the outlet(s).

13. A system according to any of the preceding claims, wherein one or more flow
guides acting as vortex generators are arranged upstream of the one or more

outlets.

14. An system according to any of the preceding claims, wherein the one or more
outlets are arranged in an elevated portion of the wall of the pipe.

15. An system according to any of the preceding claims, wherein the one or more
outlets are arranged flush with the wall of the pipe.
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16. A system according to any of the preceding claims, wherein

- the nozzle comprises a channel part with a length direction, the channel
part having an inlet arranged to receive the liquid and an outlet arranged
to deliver the liquid in to the pipe in atomized form,

5 - the channel part and the outlet are shaped and arranged so that heat
conducted from the fluid in the pipe may evaporate fluid present in the
channel part and generate an interface between a gas phase located
downstream of a liquid phase, said interface being sufficiently stable to
keep the generated gas phase distinct from the liquid phase of the fluid in

10 channel part when no fluid is fed to the inlet, and
- the outlet comprises a nozzle plate having at least one nozzle channel
through which the first fluid is delivered to the second fluid.

17. A system according to any of the preceding claims, wherein the system is an

15 exhaust system.
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