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the cylindrical envelope surface (109) of the cylindrical
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Description
Technical field

[0001] The present disclosure relates to a nozzle for
injecting a mist of a liquid into exhaust gas of an internal
combustion engine. The present disclosure also relates
to an exhaust gas recirculation system.

Background

[0002] The general use of exhaust gas recirculation
(EGR) in internal combustion engines is commonly ap-
plied in both vehicles and commercial products, vessels,
power plants, etc. Exhaust gases may then be recircu-
lated in connection to an internal combustion engine by
displacing an amount of the combustible gases from at
least one prechamber of e.g. an engine cylinder or a lo-
cation for a pre-mixture back to the air inlet manifold, for
instance located before a turbo device. In diesel engines
the exhaust gases may displace excess oxygen of the
pre-combustion mixture back to the inlet manifold in a
similar way. The exhaust gas recirculation (EGR) pro-
vides improvements in a lower combustion temperature
and is effective in reducing the nitrogen oxides (NOx-
emissions). In practise the recirculated exhaust gases
replace the amount of intake air and decrease the charge
density through heating of the intake air. These combined
effects contribute to reduce pumping losses, resulting in
an increase in engine efficiency, and thereby reduced
required input power. Therefor EGR is an effective meth-
od for reducing nitrogen oxides and so called NOx emis-
sions. From W009030213 A1, thermodynamically stable
fuel- and water microemulsions are moreover known,
such as aqueous emulsions, applied into the exhaust
gases during recirculation led back to the air inlet mani-
fold as described above, having the advantage to de-
crease the amount of formation of NOx emissions in com-
parison to conventional exhaust gas recirculation (EGR).
But there is still a need for improvements and also for
decreasing the formation of soot particles and the forma-
tion of NOx further.

Summary

[0003] Itis an object of the presentinvention to provide
an improved solution that alleviates the mentioned draw-
backs of present solutions. A first object of the invention
is to provide an arrangement implemented in an exhaust
recirculation system for providing an increase in engine
efficiency, and thereby reduced required power.This ob-
ject is solved by the invention according to claim 1. A
second object of the invention is to provide an arrange-
ment implemented in an exhaust gas recirculation sys-
tem for decreasing the amount of soot particles and NOx
formation. This object is also solved by the invention ac-
cording to claim 1. A third object of the invention is to
provide an exhaust recirculation system which provide
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such an increase in engine efficiency, and thereby re-
duced required power at the same time as a decreased
level of soot particles and NOx-formation. This object is
solved by the invention according to claim 11.

[0004] According to a first aspect of the invention, a
nozzle for injecting a mist of a liquid into exhaust gas of
an internal combustion engine, the nozzle comprising a
cylindrical body, comprising a through-hole extending ax-
ially at least partly through the cylindrical body and being
arranged to receive a shaft for guiding the liquid into said
nozzle in use of the nozzle,

said cylindrical body comprises:

a plurality of elongated channels extending from the
through-hole to a cylindrical envelope surface of the
cylindrical body,

each elongated channel in the plurality of elongated
channels comprises:

aninlethaving an inlet area for the liquid to enter
the respective elongated channel of the plurality
of elongated channels from said through-hole,
and

an outlet having an outlet area for the liquid to
be ejected from the nozzle,

wherein the outlet of each elongated channel is
formed such that in use of the nozzle the mist
of the liquid is arranged to be ejected from said
nozzle in an ejecting direction defined by a first
angle, measured from a tangent of the cylindrical
envelope surface of the cylindrical body, said
first angle, being less than 80 degrees. By pro-
viding said nozzle to an exhaust recirculation
system in an internal combustion engine, an in-
crease in engine efficiency may be provided,
and thereby reduced required power atthe same
time as a decreased level of soot particles and
NOx-formation may be provided.

[0005] According to one embodiment, in the nozzle
each elongated channel comprises a channel wall which
is configured to guide the liquid adjacent the outlet in the
ejecting direction. An extension of the channel wall may
have a direction corresponding to the ejecting direction
of said mist and/or liquid.

[0006] According to one embodiment, in the nozzle a
ratio of an inlet area to an outlet area of each elongated
channel is at least two. By means of said ratio, the liquid
may be pressurized and a mist of said liquid may be
formed. Alternatively, a mixture of liquid and mist may be
formed. Alternatively, the liquid may be water.

[0007] According to one embodiment, in the nozzle the
first angle is in the range of 20 - 80 degrees, preferably
in the range of 35 - 55 degrees. The first angle in arange
of 20 - 80 degrees, preferably in the range of 35 - 55
degrees, may provide an improved ejecting effeciency
of the mist, which mist may be ejected out of each elon-
gated channel in an preferred ejection direction. The mist
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may thereby be adapted to be injected into the exhaust
gases.

[0008] According to one embodiment, the outlet of
each elongated channel is formed such that the ejecting
direction is defined by a second angle, measured from a
normal to the cylindrical envelope surface of the cylindri-
cal body and in plane formed by the normal to the cylin-
drical envelope surface of the cylindrical body adjacent
the respective outlet and an axial direction of the cylin-
drical body, the second angle, being at least 5 degrees.
The second angle of at least 5 degrees may provide a
more improved ejecting effeciency out of the outlet of the
elongated channels and thereby optimised injection of
said mist into the opposite flowing exhaust gases.
[0009] According to one embodiment, in the nozzle
said second angle, is preferably at least 20 degrees, and
is preferably less than 40 degrees. When the second
angle is at least 20 degrees, and preferably less than 40
degrees a more improved ejecting direction out of the
elongated channels and injection efficiency into the ex-
haust gases may be provided.

[0010] Accordingtoone embodiment, in the nozzle the
through-hole comprises a widening section within the cy-
lindrical body, said widening section and being in direct
fluid connection with the plurality of channels. The
through-hole may guide liquid from an inlet to the nozzle
for providing liquid into said nozzle. The widening section
may provide an accumulation of the incoming liquid which
subsequnently may be distributed into the elongated
channels sothatanincrease in pressure may be provided
and a formation from liquid to mist may occur.

[0011] Accordingto one embodiment, in the nozzle the
cylindrical body comprise afirst cylindrical body part com-
prising a first circular surface, a second cylindrical body
part comprising a second circular surface, wherein the
firstcylindrical body partis fixed to said second cylindrical
body part such that the first and second circular surfaces
face each other, and wherein the through-hole extends
at least partly through the second cylindrical body part,
and the second circular surface comprises a first set of
elongated recesses extending from the through-hole to
the envelope surface of the second cylindrical body part
such that, when the firstand second cylindrical body parts
are fixed to each other, the plurality of channels are
formed by the first set of elongated recesses and a re-
spective surface area of the first circular surface being
exposed by a spacing to the respective elongated recess
in the first set of elongated recesses.

[0012] The first set of elongated recesses may provide
a corresponding set of elongated channels for guiding
the liquid. By means of the spacing in each respective
elongated recess of the first set of recesses provided into
the second circular surface, a respecttive elongated
channel may be formed when the second cicrular surface
is attached to the first circular surface. Preferably, the
first circular surface may be substantially flat. Alternative,
the first circular surface may be provided with another
surface structure or texture. Initially, the liquid may be
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provided in the inlet to the through-hole, which through-
hole extends through the first cylindrical body part and
at least partly through the second cylindrical body part,
and the liquid may be distributed through said through-
hole(s) and thereafter enter into the elongated channels.
[0013] According to one embodiment, in the nozzle the
second circular surface comprises a circular recess hav-
ing a second radius being larger than said first radius,
such that the widening section of the through-hole is
formed by said circular recess when said first and second
circular sections are fixed together. The widening section
may provide an accumulation of the incoming liquid which
subsequnently may be distributed into the elongated
channels sothatanincrease in pressure may be provided
and a formation from liquid to mist may occur.

[0014] According to one embodiment, in the nozzle the
respective surface area of the first circular surface being
exposed by a spacing to the respective elongated recess
in the first set of elongated recesses are formed by a
projection of each elongated recess onto the first circular
surface. The spacing formed between a circular surface
and a set of elongated recesses may form the elongated
channels for transporting the liquid and creating mist.
[0015] According to one embodiment, in the nozzle the
second cylindrical body part comprises a third circular
surface arranged on the opposite side of the second cy-
lindrical body part with respect to the second circular sur-
face, and the cylindrical body further comprises a third
cylindrical body part having a fourth circular surface,
wherein the third cylindrical body part is fixed to said sec-
ond cylindrical body part such that said third and fourth
circular surfaces face each other and wherein said
through-hole further extends at least partly though said
third circular body part. The fixation of the described third
and fourth circular surfaces face each other may be ad-
vantegous. Either the third or the fourth circular surfaces
may be provided with a second or further set of recesses.
Alternatively, the third or the fourth circular surfaces may
be substantially flat.

[0016] According to one embodiment, in the nozzle the
third circular surface comprises a second set of elongat-
ed recesses extending from the through-hole to the en-
velope surface of the second circular body part such that,
when the second and third cylindrical body parts are fixed
to each other, the plurality of channels are further formed
by the second set of elongated recesses and a respective
surface area of the fourth circular surface being exposed
by a spacing to the respective elongated recess in the
second set of elongated recesses. A second and further
sets of elongated recesses may form further sets of elon-
gated channels for transporting liquid and forming mist
out of the nozzle. A second and further sets of elongated
channels may improve the efficiency of the injection of
mist into the exhaust gases, whereby both the efficiency
and the decrease of soot particles may be improved.
[0017] According to one embodiment, an exhaust gas
recirculation system for an internal combustion engine
comprises anozzle according to any one of the preceding
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claims, and a shaft for guiding liquid to said nozzle, said
shaft is received by at least one bearing in said nozzle,
wherein said nozzle is arranged to rotate with respect to
the shaft by the liquid being ejected from the nozzle. Such
a vehicle may provide an increase in engine efficiency
and thereby reduce the required power at the same time
as adecreased level of soot particles and NOx-formation
may be provided.

[0018] According to one embodiment, the exhaust gas
recirculation system further comprises a compartment,
said compartment is arranged to transport exhaust gas
in an exhaust gas flow direction wherein said nozzle unit
is arranged to eject liquid in a direction partly opposite to
said gas flow direction. The compartment may arrange
so that nozzle ejects liquid in a direction opposite the gas
flow direction.

[0019] According to one embodiment, the exhaust gas
recirculation system wherein said nozzle is arranged
within said compartment and said shaft is arranged to
guide liquid from outside of said compartment to said
nozzle.

[0020] According to one embodiment, a vehicle com-
prises an exhaust gas recirculation system as described
above. According to one embodiment, a power generator
arrangement comprises an exhaust gas recirculation
system implementing a nozzle as described above. The
power generator may be a part of a ship, a vessel, a plant,
an internal combusion engine or the like. Said vehicle
and said power generator arangement may provide all
separate described advantages.

Brief description of the drawings

[0021] These and other aspects of the present inven-
tion will now be described in more detail, with reference
to the appended drawings showing currently preferred
embodiments of the invention.

Fig. 1a is a overview of a power generator arrange-
ment provided with an exhaust gas recirculation sys-
tem comprising at least one nozzle unit according to
one embodiment,

Fig. 1b is a schematic sketch of a basic nozzle unit,
Fig. 1cis a principal sketch of a nozzle unit arranged
in an opposite exhaust gas recirculation flow,

Fig. 2a is a schematic exploded perspective sketch
of the nozzle unit according to a preferred embodi-
ment,

Fig 2b is a a plane view of an intermediate cylindrical
body part of the nozzle unit according to a preferred
embodiment, and

Fig. 3 is a schematic sketch of a mounted nozzle unit
according to Fig 2a.

Detailed description of the embodiments

[0022] The present invention will be described more
fully hereinafter with reference to the accompanying
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drawings, in which preferred embodiments of the inven-
tion are shown. This invention may, however, be embod-
ied in many different forms and should not be construed
as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the
drawings, like numbers refer to like elements.

[0023] Fig. 1ashowsaschematicillustration of a power
generator arrangement 1 in a power plant, a vessel or a
vehicle, etcetera provided with an exhaust gas recircu-
lation system 10 according to one preferred embodiment.
[0024] Fig. 1b shows a schematic illustration of the
nozzle unit 20 for injecting a mist of a liquid into the ex-
haust gas recirculation system 10 of the power generator
arrangement 1. The nozzle unit 20 is preferably consti-
tuted of at least one cylindrical body 100, see Fig. 1c.
[0025] InFig. 2a a preferred embodiment of the nozzle
arrangement 20 is shown, wherein said arrangement 20
comprises a first, a second and a third cylindrical body
part 101, 102, 103 each having an envelope surface 109.
The cylindrical body parts 101, 102, 103 are arranged
along a central axis E, extending in the axial direction
through said cylindrical body parts 101, 102, 103 so that
said first 101 and third 103 cylindrical parts constitute the
outermost located cylindrical body parts 101, 103 and
the second cylindrical body part 102 is arranged inter-
mediately in between. A first bearing 300 having a
through hole with a radius r1 is fixedly arranged into said
first cylindrical body part 101. The second cylindrical
body part 102 is arranged with a centrally arranged
through-hole 104 b. A second bearing 300 may be fixedly
arranged in the third cylindrical body part 103 in similarity
to the first cylindrical body part 101. A shaft 600 is running
through the first bearing 300, the through hole 104b and
the second bearing 300. In this way, the nozzle unit 20
is adapted to be rotated around said shaft 600 running
along said central axis E thereof. The shaft 600 is also
provided with at least one opening 650, which is substan-
tially positioned in the second intermediate body part 102
in the longitudinal direction of the central axis E. Said
opening 650 may distribute the liquid internally to the
nozzle unit 20.

[0026] In greater detail, the nozzle 20 comprises said
first cylindrical body part 101, which in turn compries a
first circular surface 101a. The nozzle 20 further com-
prises said second cylindrical body part 102, which in
turn comprises a second circular surface 102b. The first
cylindrical body part 101 is connected to said second
cylindrical body part 102 so that said first and said second
circular surfaces 101a, 102b are adjacently located and
face each other as they are fixedly attached.

[0027] The first cylindrical body part 101 is further pro-
vided with a bearing 300 having a through-going hole
with a radius r1. In a corresponding way, the second cy-
lindrical body part 102 comprises a circular recess 104b
having a second radius, r2, see Fig 2b, being larger than
said first radius, r1. Thereby, a widening section 107 is
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formed by said radiuses r1 r2 when said first and second
cylindrical body parts 101, 102 are fixedly attached to-
gether.

[0028] The second cylindrical body part 102 comprises
a third circular surface 102c arranged on the rear side of
the second cylindrical body part 102 with respect to the
second circular surface 102b. The cylindrical body 100
further comprises a third cylindrical body part 103 having
a fourth circular surface 103d. In one preferred embodi-
ment, both said third and fourth circular surfaces 102¢c
and 103d are provided substantially flat. The second cy-
lindrical body part 102 is connected to said third cylindri-
cal body part 103 in such a way that said third and fourth
circular surfaces 102c and 103d are adjacently located
and face each other when said second cylindrical body
part 102 is fixedly attached to the third cylindrical body
part 103.

[0029] Asis shown in Fig 2a, the first, the second and
third cylindrical body parts 101, 102, 103 may be fixedly
attached by means of attachment means 500 for jointly
attach said cylindrical body parts 101, 102, 103. For in-
stance, the cylindrical body parts 101, 102, 103 may be
jointly attached by a number of through-going holes 400
provided therein and a corresponding number of screw-
ing means 500.

[0030] If turning now to Fig. 2b, the second circular
surface 102b of the second cylindrical body part 102 is
provided with a first set or number of elongated recesses
105, which extend from the interior through-hole or inte-
rior circular recess 104b in a substantially radial direction
to the exterior envelope surface 109 of the second circu-
lar body 102. However, there are deviations to the men-
tioned substantially radial direction of the through-going
running elongated recesses 105. The characteristics of
the elongated recesses 105 are to be described in more
detail later in the following.

[0031] The first circular surface 101a is provided sub-
stantially flat relative to the respective elongated recess
105 of the first set of elongated recesses 105 of second
circular surface 102b. The surface of the first circular sur-
face 101ais then exposed by a spacing to the respective
elongated recess 105 in the first set of elongated recess-
es 105 of the second circular surface 102b. Thereby a
corresponding first number of elongated channels 106
are formed as the first circular cylindrical body 101 is
fixedly attached to the second circular cylindrical body
part 102. The elongated recesses 105 and thereby the
elongated channels 106 may preferably have a similar
shape and appearance, see Fig. 3.

[0032] Inonepreferred embodimentthere is preferably
six (6) elongated recesses 105 arranged in the described
way on the circular surface 102b of the intermediate sec-
ond cylindrical body 102 as shown in Fig. 3. Consequent-
ly, there is the same number of elongated channels 106
formed in the nozzle unit 20. Alternatively, there may be
4, 8, 10, n of elongated recesses 106 arranged in said
circular surface 102b for obtaining a desired level of in-
jection of mist into the exhaust gases.
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[0033] Hereinafter, the characteristics of the elongated
channels 106 are to be described in further detail accord-
ing to Fig. 3 In one preferred embodiment, each of the
first number of elongated channels 106 have the same
shape and appearance. As is shown in Fig. 3. each elon-
gated channel 106 is then provided with an inlet 110 into
which the liquid is configured to enter from the widening
section 107, see Fig. 2b, into the elongated channels
106. The widening section 107 is provided with an interior
envelope surface 108 wherein each said inlet 110 is pro-
vided. Each of the said inlets 110 has an cross-sectional
inlet area, Ainlet.

[0034] Each of the first number of elongated channels
106 is provided with an outlet 120 out of the exterior en-
velope surface 109 of the nozzle unit 20. Each outlet 120
has an cross-sectional area, Aoutlet, from which the lig-
uid are ejected out of all the elongated channels 106.
The ratio of Ainlet to Aoutlet is preferably at least two.
[0035] Further characteristics of the elongated chan-
nels 106 are that the nozzle unit 20 is configured so that
the mist of the liquid in use are to be ejected from said
nozzle 100 in an ejecting direction defined by a firstangle,
a1, which is measured from a tangent t of the exterior
cylindrical envelope surface 109 of the cylindrical body
100 to a surface normal n. In more detail, each of the first
number of the elongated channels 106 comprises achan-
nel wall 115 configured to guide the liquid, in the ejecting
direction, an ejecting angle a1, particularly adjacent each
outlet 120. The respective channel wall 115 is formed
such that an extension of the channel wall 115 has a
direction corresponding to the ejecting direction, a1. The
first angle a1, which constitutes the ejecting angle, is
preferably less than 80 degrees. Alternatively, the first
angle, a1 may be in the range of 20 - 80 degrees, pref-
erably in the range of 35 - 55 degrees.

[0036] Furthermore, the outlet 120 of each of the first
number of elongated channels 105 is formed such that
the ejecting direction is also defined by a second angle,
a2. The second angle a2 is measured from a normal N,
to the cylindrical envelope surface 109 of the cylindrical
body 100, 101, 102, 103 and in a plane formed by the
normal N to the cylindrical envelope surface 109 of the
cylindrical body 100, 101, 102, 103 adjacent the respec-
tive outlet 120 and an axial direction E of the cylindrical
body 100, the second angle, a2, being at least 5 degrees.
In that way the direction of the ejected mist out of the
outlet(s) is in opposite to the direction of the exhaust gas
flow.

[0037] According to drawing Fig. 3, the bearing 300 of
the first cylindrical body part 101 is provided with the shaft
600 therein for guiding liquid into said nozzle unit 20.
Thus, the inlet pipe for liquid inlet is a part of the shaft
600. However, there may be a separately arranged inlet
pipe for distributing liquid into the nozzle unit 20. Further-
more, the shaft 600may be connected to liquid filling ar-
rangements outside of the compartment 5 and the nozzle
unit 20, see Fig 1c. The liquid is preferably constituted
of water.
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[0038] Accordingto Fig. 1c, the power generating plant
1 further comprises at least one compartment 5, which
may be a part of the exhaust gas recirculation system
10, which then may be arranged to transport exhaust
gases in a gas flow direction from a location positioned
before the cylinder of an internal combustions engine in
a by-pass direction back to an air inlet manifold, in which
exhaust gas recirculation system 10 said nozzle 20 may
be arranged to eject liquid in a direction, at least partly,
opposite to the exhaust gas flow direction of the exhaust
gas recirculation system located in said compartment 5.
As mentioned above, the ejecting direction is defined by
a second angle, a2, which is at least 5 degrees.

[0039] The nozzle unit 20 is configured to work in the
following way.
[0040] The nozzle 20 rotates around the shaft 600 ar-

ranged along the axis E in an exhaust gas recirculation
flow inside the compartment 5.

[0041] The shaft 600 guides the liquid into the through-
hole104b and further to the widening section 107. As the
nozzle unit 20 rotates around the shaft 600 the liquid
flows further from the widening section 107 and enters
each inlet 110 of the elongated channels 106 wherein
each respective channel wall 115 guides the liquid
through the elongated channels 106 to the respective
outlet 120 thereof. The nozzle 20 ejects the liquid, pref-
erably as mist, from the outlets 120 of the elongated chan-
nels 106 in the directions a1 into the, at least partly, op-
posite flowing exhaust gas recirculation flow. The mist
injected into the exhaust gas flow forming fuel- and water
microemulsions such as aqueous emulsions, which con-
tributes to improve the engine efficiency and reduce the
required power and also decreases the level of soot par-
ticles and the NOx-formation.

[0042] There may here may be a number of other em-
bodiments and combinations of the present discosure.
For instance, a second number of recesses 205 may be
provided, for instance into a third circular surface 102c
of the cylindrical body part 102, which then may extend
from an interior through-hole 104b or an interior recess
104c of said cylindrical body part 102 to the envelope
surface 109 in a corresponding way as the first number
of elongated recesses 105. As the fourth circular surface
103d provided substantially flat, exposed by a spacing
to the respective elongated recess 205 in the second
number of elongated recesses 205, and the second cy-
lindrical part 102 is subsequently fixedly attached to the
third cylindrical body part 103, a second number of elon-
gated channels 206 are formed accordingly. Accordingly,
in this second embodiment, the number of elongated
channels 106, 206 are twice as many since implemented
on both surfaces 102b, 103 of the nozzle unit 20. This
disclosure may, however, be embodied in further forms
and should not be construed as limited to the embodi-
ments set forth herein. There may be a third circular sur-
face provided with a third number of elongated recesses,
and so on.

[0043] In the drawings and specification, there have
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been disclosed preferred embodiments and examples of
the invention and, although specific terms are employed,
they are used in a generic and descriptive sense only
and not for the purposed of limitaion, the scope of the
invention being set forth in the following claims.

Claims

1. A nozzle (20) for injecting a mist of a liquid into ex-
haust gas of an internal combustion engine, the noz-
zle (20) comprising:

a cylindrical body (100), comprising a through-
hole (104b,) extending axially at least partly
through the cylindrical body (100) and being ar-
ranged to receive a shaft (600) for guiding the
liquid into said nozzle (20) in use of the nozzle
(20),

said cylindrical body (100) comprises:

a plurality of elongated channels (106) ex-
tending from the through-hole (104b) to a
cylindrical envelope surface (109) of the cy-
lindrical body (100),

each elongated channel (106, 206) in the
plurality of elongated channels (106, 206)
comprises:

aninlet (110) having an inlet area (Ain-
let) for the liquid to enter the respective
elongated channel (106, 206) of the
plurality of elongated channels (106,
206) from said through-hole (104b),
and

an outlet (120) having an outlet area
(Aoutlet) for the

liquid to be ejected from the nozzle (20),

wherein the outlet (120) of each elongated channel
(106, 206) is formed such that in use of the nozzle
(20) the mist of the liquid is arranged to be ejected
from said nozzle (20) in an ejecting direction defined
by a first angle (a1), measured from a tangent (t) of
the cylindrical envelope surface (109) of the cylindri-
cal body (100), said first angle (a.1), being less than
80 degrees.

2. A nozzle (20) according to claim 1, wherein each
elongated channel (106, 206) comprises a channel
wall (115) configured to guide the liquid adjacent the
outlet (120) in the ejecting direction.

3. A nozzle (20) according to any one of claims 1 or 2,
wherein a ratio of an inlet area (Ainlet) of the inlet
(110) to an outlet area (Aoutlet) of the outlet (120)
of each elongated channel (106, 206) is at least two.
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A nozzle (20) according to any one of the preceding
claims, wherein the first angle, (a1) is in the range
of 20 - 80 degrees.

A nozzle (20) according to any one of the preceding
claims, wherein the outlet (120) of each elongated
channel (106, 206) is formed such that the ejecting
direction is defined by a second angle, (a2), meas-
ured from a normal (n) to the cylindrical envelope
surface (109) of the cylindrical body (100) and in a
plane formed by the normal (n) to the cylindrical en-
velope surface (109) of the cylindrical body (100)
adjacent the respective outlet (120) and an axial di-
rection (E) of the cylindrical body (100), the second
angle, (a2), being at least 5 degrees.

A nozzle (20) according to any one of the preceding
claims, wherein the through-hole (104b) further com-
prises a widening section (107) within the cylindrical
body (100, 101, 102, 103), said widening section
(107) being in direct fluid connection with the plurality
of channels (106).

A nozzle (20) according to any one of the preceding
claims, wherein the cylindrical body (100) comprise,

a first cylindrical body part (101) comprising a
first circular surface (101a),

a second cylindrical body part (102) comprising
a second circular surface (102b), wherein the
first cylindrical body part (101) is fixed to said
second cylindrical body part (102) such that the
first and second circular surfaces (101a, 102b)
face each other, and

wherein the through-hole (104b) extends at
least partly through the second cylindrical body
part (102) and the second circular surface
(102b) comprises a first set of elongated recess-
es (105) extending from the through-hole (104b)
to the envelope surface (109) of the second cir-
cular body part (102) such that, when the first
and second cylindrical body parts (101, 102) are
fixed to each other, the plurality of channels
(106, 206) are formed by the first set of elongat-
edrecesses (105) and arespective surface area
ofthefirst circular surface (101a) being exposed
by a spacing to the respective elongated recess
(105) in the first set of elongated recesses (105).

A nozzle (20) according to claim 7, wherein the re-
spective surface area of the first circular surface
(101a) being exposed by a spacing to the respective
elongated recess (105) in the first set of elongated
recesses (105) are formed by a projection of each
elongated recess (105) onto the first circular surface
(101a).

9. A nozzle (20) according to any one of claims 7-8
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10.

1.

12.

13.

wherein the second cylindrical body part (102) com-
prises a third circular surface (102c) arranged on the
opposite side of the second cylindrical body part
(102) with respect to the second circular surface
(102b), and the cylindrical body (100) further com-
prises,

a third cylindrical body part (103) having a fourth cir-
cular surface (103d), wherein the third cylindrical
body part (103) is fixed to said second cylindrical
body part (102) such that said third and fourth circular
surfaces (102c, 103d) face each other and wherein
said through-hole (104c) further extends at least
partly though said third circular body part (103).

A nozzle (20) according to claim 9, wherein the third
circular surface (103) comprises a second set of
elongated recesses (205) extending from the
through-hole (104c) to the envelope surface (109)
of the second circular body part (102) such that,
when the second and third cylindrical body parts
(102, 103) are fixed to each other, the plurality of
channels (206) are further formed by the second set
of elongated recesses (205) and a respective sur-
face area of the fourth circular surface (103d) being
exposed by a spacing to the respective elongated
recess (205)in the second set of elongated recesses
(205).

An exhaust gas recirculation system (10) for an in-
ternal combustion engine (1), comprising:

a nozzle (20) according to any one of the pre-
ceding claims, and

a shaft (600) for guiding liquid to said nozzle
(20), said shaft (600) is received by at least one
bearing (300) in said nozzle (20), wherein said
nozzle (20) is arranged to rotate with respect to
the shaft (600) by the water being ejected from
the nozzle (20).

A exhaust gas recirculation system (10) according
to claim 11, further comprising a compartment (5),
said compartment (5) is arranged to transport ex-
haust gas in an exhaust gas flow direction wherein
said nozzle unit (20) is arranged to eject water in a
direction partly opposite to said gas flow direction.

A exhaust gas recirculation system (10) according
to claim 12, wherein said nozzle (20) is arranged
within said compartment (5) and said shaft (600) is
arranged to guide water from outside said compart-
ment (5) to said nozzle (20).
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