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High pressure nozzle

The invention provides a high pressure nozzle, comprising:

a longitudinal housing having a liquid inlet end and a liquid outlet end opposite to the liquid inlet end and
comprising an internal channel running from the liquid inlet end to the liquid outlet end,

a nozzle head support shaft, rotatably arranged partially in the internal channel and comprising a liquid channel in
fluid communication with the internal channel, and

a rotary nozzle head supported on the nozzle head support shaft and arranged outside the housing, wherein the
rotary nozzle head is arranged to rotate about a longitudinal axis of rotation to provide a rotating spraying of liquid
jetted from the rotary nozzle head,

characterized in that the high pressure nozzle comprises an axial pressure compensator arranged in the internal
channel, wherein the axial pressure compensator is arranged to substantially compensate axial pressure force
from liquid entering the channel at the liquid inlet end.

Octrooischrift uitgegeven: ir. J.C. Volmer c.s. te Rijswijk.

Dit octrooi is verleend ongeacht het bijgevoegde resultaat van het onderzoek naar de stand van de techniek en
schriftelijke opinie. Het octrooischrift komt overeen met de oorspronkelijk ingediende stukken.
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Short Title: High pressure nozzle

The present invention relates to a high pressure nozzle that is used to clean
surfaces, in particular inner surfaces of tubes, such as inner tubes of an heat exchanger.

EP 2 387 471 B1 discloses a high pressure rotary nozzle having a rotating shaft
operating within a fixed housing wherein the of axial force which acts upon the shaft due to
the liquid pressure at the shaft inlet is balanced by allowing passage of a small amount of
the pressurized liquid to be bled to an area or chamber between the outside of the opposite
end of the shaft and the inside of the housing where the liquid pressure can act axially in an
opposing direction upon the shaft to balance the axial inlet force. The balance of axial forces
is self-regulating by controlling escape of the liquid through a tapered or frusto-conical
region between the shaft and housing.

A drawback of this known high pressure nozzle is that the liquid bearing requires a
relatively large percentage of liquid entering the high pressure nozzle to properly balance
the rotating shaft in the housing of the high pressure nozzle. As a result, substantially more
liquid is required to clean an inner surface of a tube to be cleaned. In practice, 30-40 % of
the total liquid volume used by the high pressure nozzle may be consumed to provide an
adequate liquid bearing layer between the housing and the rotating shaft.

A further drawback of the high pressure nozzle of EP 2 387 471 B1 is that the high
pressure nozzle is only capable of self-regulating the axial forces within a certain range of
axial forces. At the same time type different types of nozzle heads may exert substantially
different axial forces on the self-balancing rotating shaft. This means that a specific structure
of the self-balancing rotating shaft can only be used for a specific group of nozzle heads
within a certain pressure class.

An object of the invention is to provide a high pressure nozzle that lacks one or more
of the above-mentioned drawbacks, or at least to provide an alternative embodiment of a
high pressure nozzle to be used in cleaning of inner surfaces of tubes.

The present invention provides a high pressure nozzle, comprising:

a longitudinal housing having a liquid inlet end and a liquid outlet end opposite to the
liquid inlet end and comprising an internal channel running from the liquid inlet end to the

liquid outlet end,
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a nozzle head support shaft, rotatably arranged in the internal channel and
comprising a liquid channel in fluid communication with the internal channel, and

a rotary nozzle head supported on the nozzle head support shaft and arranged
outside the housing, wherein the rotary nozzle head is arranged to rotate about a
longitudinal axis of rotation to provide a rotating spraying of liquid jetted from the rotary
nozzle head,
characterized in that the high pressure nozzle comprises an axial pressure compensator
arranged in the internal channel, wherein the axial pressure compensator is arranged to
substantially compensate axial pressure force from liquid entering the channel at the liquid
inlet end.

In the high pressure nozzle of the invention an axial pressure compensator is
provided to compensate the axial force resulting from pressure of liquid entering the high
pressure nozzle at the liquid inlet end from a high pressure source. Since the axial forces
are compensated by the axial pressure compensator, the quantity of liquid required to
balance the nozzle head support shaft in the housing is substantially reduced. As a
consequence the total quantity of liquid that is needed to clean a specific number of tubes is
also reduced. It has been found that the percentage of liquid of the total volume of liquid
consumed by the high pressure nozzle to provide a sufficient liquid bearing between the
housing and the nozzle head support shaft may be less than 25 % of the total volume of
liquid consumed by the high pressure nozzle, in some applications less than 20 %.

At the liquid inlet end of the housing a liquid conduit may be connected through
which the liquid is fed into the internal channel of the high pressure nozzle. The axial
pressure compensator guides the liquid running through the internal channel of the housing
such that the axial force resulting from the liquid entering the internal channel from an
external pressure source is not transferred to the nozzle head support shaft. The axial
pressure compensator will typically be designed to transfer the liquid between the housing
and the nozzle head support shaft in a radial direction to prevent transfer of an axial
pressure force from the liquid to the nozzle head support shaft.

Further, the compensation of the axial force by the axial pressure compensator as
proposed in the present invention facilitates the use of different nozzle heads, for example
nozzle heads having different exit angles for the one or more jetting channels provided in
the nozzle head. The exit angles of the jetting channels may be in the range of 0 degrees to
160 degrees with respect to the axis of rotation of the nozzle head. Thus the same
combination of housing, axial pressure compensator and nozzle head support shaft may be
used for different types of nozzle heads including nozzle heads having an angle of less than
90 degrees with respect to the axis of rotation and nozzle heads having an angle of more

than 90 degrees with respect to the axis of rotation of the nozzle head.
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In an embodiment, the axial pressure compensator comprises a plurality of liquid
guiding channels, an inlet opening of each liquid guiding channel being in fluid
communication with the liquid inlet end of the internal channel and an outlet opening of each
liquid guiding channel being in fluid communication with the liquid channel of the nozzle
head support shaft.

To allow liquid to pass from the inlet end of the internal channel to the nozzle head
support shaft, the axial pressure compensator may be provided with liquid guiding channels
that guide liquid from the liquid inlet end of the internal channel to the nozzle head support
shaft, while the axial forces resulting from liquid pressure of the liquid entering the high
pressure nozzle are not transferred to the nozzle head support shaft. Instead the axial
forces are guided through the axial pressure compensator and the housing.

The axial pressure compensator may comprise any suitable number of liquid guiding
channels, for example 10 to 30 liquid guiding channels, that are preferably equally
distributed over the circumference of the axial pressure compensator.

In an embodiment, the housing comprises a first housing part and a second housing
part, wherein the axial pressure compensator is clamped between the first housing part and
the second housing part. By clamping the axial pressure compensator between the first
housing part and the second housing part, the relative position of the axial pressure
compensator with respect to the housing is guaranteed. The clamping force can also be
used to create a circumferential sealing between the housing and the axial pressure
compensator.

In an embodiment, the first housing part and the second housing part are fixed on
each other by a screw thread connection. A screw thread connection can advantageously be
used to connect the first housing part and the second housing part to each other, whereby
preferably the axial pressure compensator is arranged between the first housing part and
the second housing part.

In an embodiment, the housing comprises a first support surface facing at least
partially towards the liquid inlet end, wherein the axial pressure compensator comprises a
second support surface placed against the first support surface. To absorb the axial forces
exerted on the axial pressure compensator, the axial pressure compensator is arranged, in
this embodiment, with its second support surface in axial direction against the first support
surface of the housing, which in particular is provided in the housing part that is arranged at
the liquid outlet end of the housing. The axial force can be transferred through the
connection between the two housing parts to the liquid inlet end of the housing.

By guiding the axial force through the axial pressure compensator and the housing, it

is avoided that the axial force is exerted on the nozzle head support shaft.
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In an embodiment, the axial pressure compensator comprises a cylindrical bearing
seat and the nozzle head support shaft comprises at one end a cylindrical outer bearing
surface, wherein the cylindrical bearing seat rotatably receives the cylindrical outer bearing
surface. The axial pressure compensator may comprise a cylindrical opening facing towards
the nozzle head support shaft arranged to rotatably receive one end of the nozzle head
support shaft. The cylindrical opening provides a cylindrical bearing seat in which a
cylindrical outer bearing surface of the nozzle head support shaft may be received.

In an embodiment, the outlet openings of the liquid guiding channels of the axial
pressure compensator are arranged in the cylindrical bearing seat. To transfer liquid from
the axial pressure compensator to the nozzle head support shaft, the axial pressure
compensator comprises liquid guiding channels, wherein each outlet opening of a guiding
channel ends in the cylindrical bearing seat. Correspondingly, the liquid inlet openings of the
liquid channel of the nozzle head support shaft are provided in the cylindrical outer bearing
surface, whereby the liquid inlet openings of the liquid channel and the outlet openings of
the liquid guiding channels of the axial pressure compensator are axially aligned with each
other, such that liquid flowing out of the outlet openings may enter the liquid inlet openings
of the liquid channel of the nozzle head support shaft.

In an alternative embodiment, the outlet openings of the liquid guiding channels end
into a circumferential groove provided in the cylindrical bearing seat. In this embodiment,
liquid flowing out of the outlet openings of the liquid guiding channels will first flow into a
groove in the cylindrical bearing seat from which the liquid may flow into the liquid inlet
openings of the liquid channel of the nozzle head support shaft.

In an embodiment, a diameter of the cylindrical bearing seat is larger than a diameter
of cylindrical outer bearing surface such that, during use, a liquid bearing layer is created
between the cylindrical bearing seat and the cylindrical outer bearing surface. A part of the
liquid flowing out of the liquid outlet openings of the axial pressure compensator may be
used to create a liquid bearing layer between the cylindrical bearing seat and the cylindrical
outer bearing surface.

In an embodiment, the second housing part comprises a cylindrical inner bearing
surface and wherein the nozzle head support shaft comprises a second cylindrical outer
bearing surface which is aligned with the cylindrical inner bearing surface to form a second
bearing for the nozzle head support shaft in the housing. The second bearing between the
second housing part and the nozzle head support shaft provided as further support to the
nozzle head support shaft to obtain an effective rotational support for the nozzle head
support shaft.

The liquid that flows between the cylindrical bearing seat and the cylindrical outer

bearing surface to form a liquid layer therebetween, or at least a part thereof, may flow
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further between the second cylindrical outer bearing surface and cylindrical inner bearing
surface to form a second liquid bearing between the second housing part and the nozzle
head support shaft.

In an embodiment, a diameter of the second cylindrical outer bearing surface is
smaller than the diameter of the cylindrical outer bearing surface, wherein a circumferential
shoulder connects the second cylindrical outer bearing surface and the cylindrical outer
bearing surface, wherein a corresponding shoulder is provided in the housing to form an
axial liquid bearing in direction of the liquid outlet end of the housing. To limit movement of
the nozzle head support shaft in the direction of the liquid outlet end of the housing an axial
liquid bearing may be provided. This axial liquid bearing may be created by the
circumferential shoulder on the nozzle head support shaft and a corresponding
circumferential shoulder in the housing, for example in the second housing part of the
housing.

In an embodiment, the nozzle head support shaft comprises a rounded surface
facing towards a flat surface of the axial pressure compensator to form an axial bearing in
direction of the liquid inlet end. The flat surface may form a stop surface for axial movement
of the nozzle head support shaft in the direction of the liquid inlet end of the high pressure
nozzle.

The rounded surface of the nozzle head support shaft ensures that, in case of
mechanical contact between the flat surface and the rounded surface, there will only be a
small contact area between the flat surface and the rounded surface. In alternative
embodiments, the axial surface may be conical instead of rounded to reduce the contact
area between the nozzle head support shaft and the axial pressure compensator. The
contact area is arranged at the axis of rotation to facilitate rotation of the nozzle head
support shaft in the housing.

In an embodiment, the axial pressure compensator comprises a conical surface
facing towards the liquid inlet end of the housing to distribute the flow of liquid over the
circumference of the axial pressure compensator. It is desirable that the flow of liquid is
equally distributed over the circumference of the axial pressure compensator. To this end a
flow distributor may be provided at the side of the axial pressure compensator facing
towards the liquid inlet end of the housing, this flow distributor is preferably a conical surface
having its apex on the axis of rotation of the high pressure nozzle.

In an embodiment, the nozzle head comprises one or more jetting channels that are
offset with respect to the axis of rotation of the nozzle head to provide a spinning effect to

the nozzle head when liquid is jetted out of the jetting channels.
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Embodiments of the invention will now be described, by way of example only, with
reference to the accompanying schematic drawings in which corresponding reference

symbols indicate corresponding parts, and in which:

Figure 1 shows a high pressure nozzle according to an embodiment of the invention.
Figure 2 shows a cross-section of the high pressure nozzle of Figure 1; and
Figure 3 shows an exploded view of the high pressure nozzle of Figure 1, i.e. the

parts of the high pressure nozzle in disassembled state.

Figure 1 shows a high pressure nozzle, generally denoted by reference numeral 1.
Figure 2 shows a cross-section of the high pressure nozzle of Figure 1. Figure 3 shows an
exploded view of the high pressure nozzle 1.

The high pressure nozzle 1 is a rotatable high pressure nozzle 1 configured to be
mounted on a high pressure conduit of a high pressure cleaning device. Such high pressure
cleaning device is typically used to clean internal surfaces of tubes, such as tubes of
industrial heat exchangers, or other tubes of industrial systems, such as tubes of chemical
plants. The high pressure conduit is typically connected to a high pressure source, such as a
compressor that provides a liquid flow with pressures in the range of 250 bar to 4000 bar.

The high pressure nozzle 1 comprises a housing 2 comprising a liquid inlet end 3 and
a liquid outlet end 4. The housing 2 comprises a first housing part 5 and a second housing
part 6 that are connected to each other by a screw thread connection 7. The housing 2
defines an internal channel 8 that runs from the liquid inlet end 3 to the liquid outlet end 4.

The high pressure nozzle 1 further comprises a nozzle head support shaft 9
arranged partially in the internal channel 8. On the end of the nozzle head support shaft 9
that projects out of the housing 2 a nozzle head 10 is mounted. The nozzle head 10 is fixed
to the nozzle head support shaft 9 by a screw thread connection. The nozzle head 10 is
exchangeable for other nozzle heads 10, for example to replace the nozzle head 10 in view
of wear or damage of the nozzle head 10, or to mount different types of nozzle heads in
view of the desired jetting characteristics of the nozzle head 10.

The nozzle head support shaft 3 and the nozzle head 10 are rotatable with respect to
the housing 2 about an axis of rotation A-A. The nozzle head 10 comprises one or more
jetting channels 11. At least one of the one or more jetting channels 11 is offset with respect
to the axis of rotation A-A. This means that the longitudinal axis of this at least one jetting
channel 11 does not intersect with the axis of rotation A-A. As a result, due to the reaction
force of liquid jetting from the at least one jetting channel 11, the nozzle head support shaft
9 and the nozzle head 10 will make a rotating movement. In practice, this rotating movement

may have a high rotation speed.
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In the internal channel 8, an axial pressure compensator 12 is provided. The axial
pressure compensator 12 is clamped between the first housing part 5 and the second
housing part 6 such that there is a sealing contact between a first sealing contact surface 31
of the first housing part 5 and a second sealing contact surface 32 of the axial pressure
compensator 12 and also a sealing contact between a first support surface 23 of the second
housing part 6 and a second support surface 24 of the axial pressure compensator 12.

The axial pressure compensator 12 comprises a cylindrical bearing seat 13 and an
axial bearing surface 14 that form a bearing for the rotatable nozzle head support shaft 9.
The nozzle head support shaft 9 comprises a cylindrical outer bearing surface 15 and a
rounded axial surface 16. The cylindrical bearing seat 13 and the cylindrical outer bearing
surface 15 form a rotational bearing for rotational support of the nozzle head support shaft 9
in the axial pressure compensator 12.

It is remarked that the diameter of the cylindrical outer bearing surface 15 of the
nozzle head support shaft 9 is smaller than the diameter of the cylindrical bearing seat 13
such that there is some play between the cylindrical outer bearing surface 15 and the
cylindrical outer bearing surface 15. During use the space between the cylindrical outer
bearing surface 15 and the cylindrical outer bearing surface 15 will fill with liquid to create a
liquid bearing layer that functions as a liquid layer to substantially reduce friction between
the nozzle head support shaft 9 and the axial pressure compensator 12.

The axial bearing surface 14 of the axial pressure compensator is provided to
support the rounded axial surface 16 of the nozzle head support shaft 9. When, during use,
the reaction force of the jets that are ejected from the jetting channels push the nozzle head
support shaft and the nozzle head 10 in the direction of the liquid inlet end 3 of the housing
the axial bearing surface 14 and the rounded axial surface 16 function as an axial bearing
for the nozzle head support shaft 9. The rounded shape of the rounded axial surface 16 has
the advantage that there is a small contact area at the axis of rotation A-A between the axial
bearing surface 14 and the rounded axial surface 16. In alternative embodiments, the axial
surface 16 may be conical instead of rounded to reduce the contact area between the axial
bearing surface 14 and the axial surface 16. Further the axial bearing surface 14 shown in
the embodiment of Figures 1-3 is flat. The axial bearing surface 14 may however also be
another shape, for example rounded with a larger radius than a radius of the rounded axial
surface 16.

The axial pressure compensator 12 comprises a number, for example ten, liquid
guiding channels 17 that run from a liquid inlet opening 18 to a liquid outlet opening 19. It is
remarked that the liquid guiding channels 17 are the only liquid connections between the
liquid inlet end and the liquid outlet end of the housing 2. The side of the axial pressure

compensator 12 that is directed towards the liquid inlet end of the internal channel 8 of the
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housing has a conical projection 20 such that liquid is distributed over the circumference of
the axial pressure compensator 12. The liquid inlet openings 18 are, in the shown
embodiment, provided in the surface of the conical projection 20, while the liquid outlet
openings 19 are provided in the cylindrical bearing seat 13.

During use liquid may be provided between the axial bearing surface 14 and the
rounded axial surface 16 to provide a liquid bearing layer between these two surfaces, or to
at least reduced the force with which the nozzle head support shaft 9 is pressed against the
axial pressure compensator 12 in axial direction.

The liquid outlet openings 19 of the axial pressure compensator 12 are axially
aligned with liquid inlet openings 21 of a liquid channel 22 of the nozzle head support shaft
9. The liquid inlet openings 21 are provided in the cylindrical outer bearing surface 15. The
liquid channel 22 of the nozzle head support shaft 9 is in fluid communication with the jetting
channels 11 of the nozzle head such that liquid entering the liquid channel 22 can be jetted
from the jetting channels 11. It is remarked that the nozzle head support shaft 9 may have
multiple liquid inlet openings 21 distributed over the circumference of the nozzle head
support shaft 9 at an axial position substantially aligned with the liquid outlet openings 19 of
the axial pressure compensator 12. The nozzle head support shaft 11 may for example have
four to ten liquid inlet openings 21.

The axial pressure compensator 12 is arranged to compensate axial pressure that is
exerted by liquid entering the liquid channel 8 at the liquid inlet end 3. To compensate this
axial force, the second housing part 6 is arranged with the first support surface 23 against
the second support surface 24 of the axial pressure compensator 12. Since the axial force is
received by the second housing part 6, the axial force is not transferred to the nozzle head
support shaft 9.

To further rotatably support the nozzle head support shaft 9 in the housing 2, the
second housing part 6 comprises a cylindrical inner bearing surface 25 and the nozzle head
support shaft 9 comprises a second cylindrical outer bearing surface 26 which is aligned with
the cylindrical inner bearing surface 25 to form a second bearing for the nozzle head support
shaft 9 in the housing 2. The diameter of the cylindrical inner bearing surface 25 is larger
than the second cylindrical outer bearing surface 26 such that, during use, a liquid layer can
be created between the cylindrical inner bearing surface 25 and second cylindrical outer
bearing surface 26 to form a liquid bearing to rotatably support the nozzle head support
shaft 9 in the second housing part 6.

The diameter of the cylindrical outer bearing surface 15 is larger than the diameter of
the second cylindrical outer bearing surface 26. Between the cylindrical outer bearing
surface 15 and the second cylindrical outer bearing surface 26 a circumferential shoulder 27

is provided with which the diameter decreases from the diameter of the cylindrical outer
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bearing surface 15 to the diameter of the second cylindrical outer bearing surface 26. The
second housing part 6 comprises a circumferential second shoulder 28 with a corresponding
decrease in diameter of the internal channel 8. As a result, the second shoulder 28 functions
as an axial stop surface for movement of the nozzle head support shaft 9 in the axial
direction in the direction of the liquid outlet end of the internal channel 8.

Movement in the axial direction of the nozzle head support shaft 9 is therefore
limited, in the direction of the liquid inlet end 3, by the axial surface 14 of the axial pressure
compensator 12 and, in the direction of the liquid outlet end 4, by the circumferential second
shoulder 28 provided in the second housing part 6.

When the high pressure nozzle 1 is connected at the liquid inlet end to a high
pressure liquid source, the liquid will flow into the internal channel 8, where the liquid will be
distributed at the conical projection 20 over the circumference of the axial pressure
compensator 20. At the liquid inlet openings 18 the liquid will flow into the liquid guiding
channels 17 towards the liquid outlet openings 19 that are provided in the cylindrical bearing
seat 13. Most of the liquid that flows out of the liquid outlet openings 19 will flow through the
liquid inlet openings 21 of the nozzle head support shaft 9 into the liquid channel 22.

From the liquid channel 22, the liquid will flow to the jetting channels 11 of the nozzle
head 10, where the liquid will be jetted out of the nozzle head 10 to provide a cleaning jet
that can be used for cleaning purposes. As a consequence of the direction of at least one of
the jetting channels 10, offset with respect to the axis of rotation A-A, the nozzle head 10
together with the nozzle head support shaft 9 will make a spinning movement. This results in
a rotating spraying of liquid jetted from the rotary nozzle head 10. This further improves the
cleaning effect of the cleaning jets that are jetted out of the jetting channels 11,

A limited part of the liquid that flows out of the liquid outlet openings 19, for example
less than 25 % of the total liquid consumed by the high pressure nozzle 1 will be used for a
liquid bearing of the nozzle head support shaft 9. This liquid will flow from the liquid outlet
openings 19 to the space between the cylindrical bearing seat 13 of the axial pressure
compensator 12 and the cylindrical outer bearing surface 15 of the nozzle head support
shaft 9. A part of this liquid will flow in the direction of the liquid inlet end 3 of the housing 2,
while another part will flow in the direction of the liquid outlet end 4 of the housing 2.

The part that will flow in the direction of the liquid inlet end 3 will come into the space
between the axial bearing surface 14 and the rounded axial surface 16 where the liquid may
also be used to provide a liquid layer between the axial bearing surface 14 and the rounded
axial surface 16. From this space the liquid may flow out of the high pressure nozzle 1 via
outlet channels 29 in the axial pressure compensator 12 and outlet channels 30 in the

second housing part 6.
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The part of the liquid that will flow in the direction of the liquid outlet end 4 of the
housing 2 will flow between the circumferential shoulder 27 and the second circumferential
shoulder 28 to provide an axial liquid bearing layer between these two shoulders 27, 28, and
from there between the cylindrical inner bearing surface 25 and the second cylindrical outer
bearing surface 26 to form a rotational liquid bearing layer. At the liquid outlet end 4 of the
housing 2 the liquid will flow out of the high pressure nozzle 1.

The rotary liquid bearings created by a liquid layer between the cylindrical bearing
seat 13 and the cylindrical outer bearing surface 15 and between the cylindrical inner
bearing surface 25 and the second cylindrical outer bearing surface 26, respectively, provide
an effective rotation support for the nozzle head support shaft 9 and therewith the nozzle
head 10 mounted on the nozzle head support shaft 9. Also, the axial liquid bearings
between the axial bearing surface 14 and the rounded axial surface 16 in one direction and
between the circumferential shoulder 27 and the second circumferential shoulder 28 in the
opposite direction provide an effective support in the axial directions.

The axial pressure compensator 12 at the same time ensures that the axial pressure
on the high pressure nozzle 1 resulting from the high pressure liquid entering the high
pressure nozzle is received by the axial pressure compensator 21 and transferred to the
housing 2 through the first support surface 23 and the second support surface 24 so that the
force is not exerted on the nozzle head support shaft 9. Thus, the axial liquid bearing
between the circumferential shoulder 27 and the second circumferential shoulder 28 does
not have to withstand this axial pressure of the liquid entering the high pressure nozzle 1 at
the liquid inlet end 3.

This allows a less complex construction of the high pressure nozzle 1, while the
rotary liquid bearings and the axial liquid bearings as discussed above provide sufficient
bearing capacity to use different types of nozzle heads 10 having different jetting channel
configurations without the need of using a relatively large percentage of the water flow
through the high pressure nozzle 1 to provide liquid bearing layers for the rotary and/or axial
bearing support of the nozzle head support shaft 9.

It will be clear for the man skilled in the art that many modifications may be made to
adapt the high pressure nozzle to specific circumstances of the application of the high

pressure nozzle.



10

15

20

25

30

35

REFERENCE NUMERALS

0w N O OB W N -

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
A-A

high pressure nozzle
housing

liquid inlet end

liquid outlet end

first housing part

second housing part
screw thread connection
internal channel

nozzle head support shaft
nozzle head

jetting channel

axial pressure compensator
cylindrical bearing seat
axial bearing surface
cylindrical outer bearing surface
rounded axial surface
liquid guiding channel
liquid inlet opening

liquid outlet opening
conical projection

liquid inlet opening

liquid channel

first support surface
second support surface

cylindrical inner bearing surface
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second cylindrical outer bearing surface

circumferential shoulder

second circumferential shoulder
outlet channel

outlet channel

first sealing contact surface
second sealing contact surface

axis of rotation
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CONCLUSIES

1. Hoge-druknozzle, omvattende:
een langwerpige behuizing met een vloeistofinlaateinde en een vloeistofuitlaateinde
tegenoverliggend aan de vloeistofinlaateinde en omvattende een inwendig kanaal dat van het
vloeistofinlaateinde naar het vloeistofuitlaateinde loopt,
een nozzlekop-steunas, roteerbaar aangebracht gedeeltelijk in het inwendige kanaal en
omvattende een vloeistofkanaal in fluidlumcommunicatie met het inwendige kanaal,

een roteerbare nozzlekop ondersteund op de nozzlekop-steunas en aangebracht
buiten de behuizing, waarbij de roteerbare nozzlekop is aangebracht om rond een
longitudinale rotatiehartlijn te draaien om een roterend spuiten van vloeistof die uit de
roteerbare nozzlekop wordt gespoten te verschaffen,
met het kenmerk, dat de hoge-druknozzle een axiale drukcompensator omvat die is
aangebracht in het inwendige kanaal, waarbij de axiale drukcompensator is aangebracht om
de axiale drukkracht van vloeistof die het kanaal binnengaat aan het vloeistofinlaateinde, in

hoofdzaak te compenseren.

2. Hoge-druknozzle volgens cconclusie 1, waarbij de axiale drukcompensator meerdere
vloeistofgeleidingskanalen omvat, waarbij een inlaatopening van elk vloeistofgeleidingskanaal
in fluidumcommunicatie is met het vloeistofinlaateinde van het inwendige kanaal en een
uitlaatopening van elk vloeistofgeleidingskanaal in fluidumcommunicatie is met het

vloeistofkanaal van de nozzlekop-steunas.

3. Hoge-druknozzle volgens conclusie 1 of 2, waarbij de behuizing een eerste huisdeel
en een tweede huisdeel omvat, waarbij de axiale drukcompensator tussen het eerste

huisdeel en het tweede huisdeel is geklemd.

4. Hoge-druknozzle volgens conclusie 3, waarbij het eerste huisdeel en het tweede

huisdeel aan elkaar zijn vastgezet door een schroefdraadverbinding.

5. Hoge-druknozzle volgens een van de conclusies 1-4, waarbij de behuizing een eerste
steunoppervlak omvat dat ten minste gedeeltelijk naar het vloeistofinlaateinde is gericht,
waarbij de axiale drukcompensator een tweede steunopperviak omvat dat tegen het eerste

steunopperviak is geplaatst.

6. Hoge-druknozzle volgens een van de voorgaande conclusies, waarbij de axiale

drukcompensator een cilindrische lagerzitting omvat en waarbij de nozzlekop-steunas aan
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een einde een cilindrisch buitenlageropperviak omvat, waarbij de cilindrische lagerzitting het

cilindrische buitenlageroppervlak roteerbaar ontvangt.

7. Hoge-druk nozzle volgens conclusie 2 en 6, waarbij de uitlaatopeningen van de
vloeistofgeleidingskanalen van de axiale drukcompensator in de cilindrische lagerzitting zijn

aangebracht.

8. Hoge-druknozzle volgens conclusie 2 en 6 of 7, waarbij de uitlaatopeningen van de
vloeistofgeleidingskanalen eindigen in een omtreksgroef die is voorzien in de cilindrische

lagerzitting.

9. Hoge-druk nozzle volgens een van de conclusies 6-8, waarbij vioeistofinlaatopeningen
van het vloeistofkanaal van de nozzlekop-steunas zijn voorzien in het cilindrische

buitenlageropperviak.

10. Hoge-druknozzle volgens een van de conclusies 6-9, waarbij een diameter van de
cilindrische lagerzitting groter is dan een diameter van het cilindrische buitenlageropperviak
zodanig dat, tijdens gebruik, een vioeistoflagerlaag wordt gevormd tussen de cilindrische

lagerzitting en het cilindrische buitenlageropperviak.

1. Hoge-druknozzle volgens een van de voorgaande conclusies, waarbij het tweede
huisdeel een cilindrisch binnenlageroppervliak omvat en waarbij de nozzlekop-steunas een
tweede cilindrisch buitenlageropperviak omvat dat is uitgelijnd met het cilindrische
binnenlageroppervlak om een tweede lager voor de nozzlekop-steunas in de behuizing te

vormen.

12. Hoge-druknozzle volgens een van de conclusies 6-10 en conclusie 11, waarbij een
diameter van het tweede buitenlageroppervlak kleiner is dan de diameter van het cilindrische
buitenlageroppervlak, waarbij een omtreksschouder het tweede cilindrische
buitenlageroppervlak verbindt met het cilindrische buitenlageropperviak, waarbij een
overeenkomstige schouder is voorzien in de behuizing om een axiale vloeistoflager in richting

van het vloeistofuitlaatuiteinde van de behuizing te vormen.

13. Hoge-druknozzle volgens een van de voorgaande conclusies, waarbij de nozzlekop-
steunas een afgerond opperviak omvat dat is gericht naar een vlak opperviak van de axiale

drukcompensator om een axiaal lager in richting van het vloeistofinlaateinde te vormen.
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14. Hoge-druknozzle volgens een van de voorgaande conclusies, waarbij de axiale
drukcompensator een conisch oppervlak omvat dat is gericht naar het vloeistofinlaateinde

van de behuizing om de vloeistofstroom over de omtrek van de axiale drukcompensator te

verdelen.

15. Hoge-druknozzle volgens een van de voorgaande conclusies, waarbij de nozzlekop

een of meer spuitkanalen omvat die niet gericht zijn naar de rotatiehartlijn van de nozzlekop.
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ABSTRACT

The invention provides a high pressure nozzle, comprising:

a longitudinal housing having a liquid inlet end and a liquid outlet end opposite to the
liquid inlet end and comprising an internal channel running from the liquid inlet end to the
liquid outlet end,

a nozzle head support shaft, rotatably arranged partially in the internal channel and
comprising a liquid channel in fluid communication with the internal channel, and

a rotary nozzle head supported on the nozzle head support shaft and arranged
outside the housing, wherein the rotary nozzle head is arranged to rotate about a
longitudinal axis of rotation to provide a rotating spraying of liquid jetted from the rotary
nozzle head,
characterized in that the high pressure nozzle comprises an axial pressure compensator
arranged in the internal channel, wherein the axial pressure compensator is arranged to
substantially compensate axial pressure force from liquid entering the channel at the liquid

inlet end.



SAMENWERKINGSVERDRAG (PCT)

RAPPORT BETREFFENDE NIEUWHEIDSONDERZOEK VAN INTERNATIONAAL TYRE

IBENTIFICATIE VAN DE NATIONALE AANVRAGK KENMERK VAN DEAANVRAGER OF VAN DE GEMACHTIGDE

P33372NLOD/MVM

Nedeniands sanwaagnt. Indieningsdatubm

2019815 15-11-2017

ingespepen voarrangsdatum
g i3 &

Aanvraget {Nazm)

P. Bekkers Holding B.V.

Datum van het verzosk voor cen anderzoei - van Door de instantic voor ternationsal Onderzoek aan
infemationagl type het varzoek voor gen angerzosk van ifterngtionagl type

toegekend nr.

24-02-2018 SN70734

L CLASSIFICATIE VAN HET ONDERWERP (i toepassing van varschiliande vlasaificaties, alla chassificatiesymituiai opasveny

Vaigens deinternationale slassificatie {IPCY

B05B3/06;80581/02;B0883/02;B05C7/02

i, ONDERZOCHTE GEBIEDEN VAN DE TECHNIEK

Qnderzoshte minimumdocumentatis

Classificatiesysteem Cluasificatieaymbolen:
PC B0OSB.B08B;B05SC
Oreferzochta andare deasmentatia dan de ninimun dasumentatin, voor 2ovar dargeiijke duacumantan in de ondarzochte yabiedae s zin
VPEENIREN
K. GEEN ONRERZOEK MOGELIJK VOOR BEPAALDE CONCLUSIES {aprsarkingern np aErvisBingsiesa)
13" GEBREK AAN EENHEID VAN UITVINDING {aprsrkingsn op asnvislingsiad)

Form POTASA 201 A {11/2000)




ONDERZOEKSRAPPORT BETREFFENDE HET

RESULTAAT VAN HET ONDERZOEK NAAR DE STAND Humime; v het vetzosk om sen onderzosk nass
VAN DE TECHNIEK VAN HET INTERNATIONALE TYPE ML 2010615

5. CLASSIFICATIE VAN HET ONDERWERP. o _
INY. BG5B3/86 8G5B1/02 BOBR3/02 BosC7 /62
ADB.

B ORDERLIHTE GEBIEDEN VAN DE TECHNIER
Sderzochte mimsum documentatie islassificatie gavalgd door aigssificatinaymbalan)

BOSB BEBB BOSC

Ondetzochte mndere documentatie dasy de Brimimiim dooumsitatie; voor dengehijike docurmerden, voot zaver dergeh;ke dosumenten in de- anderzosida
gebiRdRe.2ii Opgenamen

Tijgens het onderzosk gerssdpleagse alektranische gey bestanden (s van de grgavenshestanden en, wasr uilvosrbasr, gebuiikie trefwaarden)
EPO-Internal, WPI Dats
CUVAN BELANG GEACMTE DOCUMENTEN

Categona ™ Guplesivhe dosumenten, ventyas! metaanduiding vary spmdiaat vant belang Xinde passages Van bekragveer
: N sonciugis ae;

X Us 20167067723 Al (KOLLE JACK 9 [US3) 1,15

10 maart 2016 (2016-03-108)

* het gehele document *

A EP 8 218 354 Al (NESTENGHGUSE CANADA IRC i-158

{CA}} 15 april 1987 (1987-04-15)
* figuren 1-2 *

X Us 2805/10954]1 Al {MARVIN MARK H {us] ET 1,15
L) 26 mei 2005 (2005~-05-26)

* het gehele document *

E] Vergdars dossmentss worden vermald inhet vervolg van vak C: Laden van deselids vetibatiamilie 2l vermsid in een bijlags

= Gpedinie cadugosicdn van aangshagide dosumsatsn

oy

T g e indinningsdating of de vasirangeasiuny gepubhi

, ; . eratuir die sistBeawarend s vass de oeivecissnvrage
‘A niet lot de tategotie X of Y behosrende Beratuur die de stand van de naar worst veme!d“tm verheliaring van de theorie g?q ’

technixi beschrijit het principe dat ten grondaiag ligh san de witvinding
RN de aotrooiranyrage vermed

X devanchusie wordt als nist nieww. of nist inventist beschouwd:

BT serdens ootmggganvta Q. gep e op o e g indieninggdatum, ten opxintite yan deze iaratue
WARAM dez uAvInREG o schreveﬂ

¥ g constusis wonlt alg niat invantisf besehicurad e (pasichte
van de combinatie van dede literatuur met andens gesitvends
litgratussr «an 'dezelfde categarie wasrhij ds combinstie voar
ar vRastan voor de hand liges ndwordt geacht

TP tuseen o voorrangsditum en deindisningsdatint gepublivesrde fiveratutr "X §d van dezelfde cetracifamilin ol overeehkomstige actroaipukiisatie

S om Qndens tethenan varmelds ety

O nistechnifte tifes stand:van de techniek

Datury wasrop het onderzoek naar de stand van de tuohniek v Varzenddatisn vawhet ppont van hetonderzosk naarde stend yan
isternationadl e werd valtoaid de teehnigic wan temdonast type

12 juni 2018
Naany en adres van.deinetantia De bavoagde arbtenaar

Eusopean: Patent Offics,; P.B: 5813 Patentiaan 2
LA ZZbi) MY Hifsw i

Tal, (+31:70) 3402040, .
Ear {(tm 73} 40016 Sodtke, Christof

wier PEUTARNRTY Tawesds ”r«d\ {danua 9\'\1«1



ONDERZOEKSRAPPORT BETREFFENDE HET
RESULTAAT VAN HET ONDERZOEK NAAR DE STAND
VAN DE TECHNIEK VAN HET INTERNATIONALE TYPE

infonmatic oyt lsden Yan dezelfde sadvaoifumiie

N Van het BrZoak Ot son SdIZORK: HaRs
de stond vande teohniek

NL 2019915

o et eappart Datum van Dyeresnkomend(e) Datusn van
genvemdonironigesehrift publicatie geschift{sn} publicatie
Us 2016067723 Al 10-03-2016 US 2016067723 Al 10-03-2016
WO 2016040664 Al 17-03-2016
EP £218354 Al 15-04-1987 kP 0218354 Al 15-04-1987
ES 2001668 A6 01-06~1988
JP 56263614 A 20-03-1987
Us 2605109541 Al 26-05~-2005 CA 2544596 Al 02-06-2005
EpP 1689665 A2 16~08-2006
NO 332909 B1 28-01-2013
Us 2005109541 Al 26-05-2005
WO 20085049955 AZ 02-06~2085

~

Rommustier ACTARNRTL feanakariad cotracianilisd: (s 20045




WRITTEN OPINION

File No Filing date {daymonthyean Priceity date (daymonthivedn i Application No.
SN70734 1511287 i NL2018918

fnternatio_nali Patent Classification (iPC_’}

NV, BOSB306 BOSB1.02 RUSB302 BOSC702

&ppii,cam
. Bekbkers Holding BV,

This: opirdon cantains indications: redating o the following items;

Baox Not Basis of the gpinion
3 Bax Mo lt  Pricrity
I3 BoxNo Bt Non-sstablishmsnt of opinion‘ with regard {0 novelty. inventive ateg.and induatrial applicakslity
[} BoxNe, 1V Lack ofunity of inventian
N BoxNe. ¥ Ressonad statermentwith regaid to novadty inventive step or industrial
applicabiity; citations and explanations supporting such statement
[ 'BoxNo. Vi Certain decuments sited
Box/Na VIl Csrtain detects in the application
U1 Box Ne. Vil Gertain observations on the application

i Fxaminer

| Sodtke, Christof

Form MLRI7A (Dekbid) (July 2006)



Application numbee

WRITTEN OPINION NL2019915

Box No. i Basis of this opinion

. This opinion has bean established on the basis of the latest sot of claims Tied before the start of the search.

2. Withregard to any nixctectide andior amino acid sequencs distlosed ivthe application and necessary tothe

claimed invention, Hiis opinion has been established on ths basis of;
a. type of material:

1 asequence listing

L1 tablets) refatedto the sequence listing
k. format of materiah

t oon paper

£ v electronic form
c. time of filingfurnishing:

£l contained in the application as filed,

3 filed togsther with: the application:in-electranic form.

[} furnished subsequently for the purposes of search.
. L1 I addition, in the case that more than one version or copy of a sequence listing andor table relating thersto
has beavrfiled or furhished: the required statements thal the isformation in the subseguent or additional
copies sidentical to that i the application as filed or doas not go beyond the application as filad, as
appropriate, wera furnishad:

- Additionat comments:

Box No. V' Reasecned statement with regard {0 novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

ro

1. Statement
Nowvelty Yes: Claims 2¢14
No:  Claims 1.15
inventive step Yes: ‘Claims: 214
No:  Claims 1,15
industrial applicability Yes: Claims 1185

No::  Claims

Citations and axplanations

see separate sheet
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{(SEPARATE SHEET) NLE20O18918

Re ltem V

Reasoned statement with regard (o noveally, nventive step or industrial applicability;
citations and explanations supporting such statement

Heference is made to the following documents:

D1 US 2016/067723 A1 (KOLLE JACK J [US]) 10 maan 2016
(2016-03-10)

D3 US 2005/108541 A1 (MARVIN MARK H [U8] ET AL} 26 mef
2005 (2005-05-26)

1 Novelty
1.1 Claim 1;

1.1.1  The present application does not meet the criteria of novelty because the high
pressure nozzle of claim 1 is anticipated by prior art documents.

1.1.2  Document D1 discloses ({the references in parentheses applying 1o this
document):

Hoge-druknozzie (see Fig. 6B), omvattende:een langwerpige behuizing {1)
met een vioeistofinlaateinde {A) en een vioeistofuitlaateinde {(see Fig. 8B)
tegenovetliggend aan de vioeistofinlaateinde en omvattende een inwendig
kanaal (A, B, C, D) dat van het viogistofinlaateinde naar het
vloeistofuitlaateinde loopt,

sen nozzlekop-steunas (3B}, roteerbaar aangebracht gedeeltelijk in het
inwendige kanaal en omvattende een viceistotkanaal in fluidumcommunicatie
met het inwendige kanaal,

een roteerbare nozziekop (3C) ondersteund op de nozziekop-steunas en
aangebracht buiten de behuizing, ‘waarbij de roteerbare nozzlekop I8
aangebrachi om rond een longitudinale rotatieharthjn te draaien om een
roterend spuiten van vioeistof die uit de roteerbare nozziekop wordt gespoten
te verschaffen {see Fig. 6C). met het kenmerk,

dat de hoge-druknozzle (see Fig. 6B) een axiale drukcompensator (3A)
omyat die is aangebracht in het inwendige kanaal, waarbij de axiale
drukcompensator is aangebracht om de axiale drukkracht van vioeistof die
het kanaal binnengaat aan het viceistofinlaateinde, in hoofdzaak te
compenseren {(Par. 0041-0042).

FormNL 23703 fsdparrie sheett iduly 20Ea! (sheet 1}
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1.2

1.2.2

1.2.8

For the sake of completengss it is pointed out that the objection of lack of
novelty of the subject-matter of claim 1 set above could also have been
substantiated with the document D3 (see 1, 2, 4, 8, Par. 0030 and Fig. 1}.

Claim 15;

The present application does not meet the criteria of novelty because the high
pressure nozzie of claim 156 is anticipated by prior ant documents.

Document D1 discloses (the references in parentheses applying to this
document):

Hoge-druknozzie volgens een van de wvoorgaande conclusies {see §1.1),
waarbij de nozziekop (3¢) een of meer spuitkanalen omvat die niet gericht zijn
naar de rotatichartlijn van de nozziekop (see Fig. 68 - 6C, Par. 0044).

For the sake of completensss it is pointed out that the objection of lack of
novelty of the subject-matter of claim 15 set above could also have been
substantiated with the document D3 (Fig. 2, Par. Q030).

Other claims

Taking into account the state of the art as cited in the international search
report a high pressure nozzles according 1o claims 2 - 14 seems to be new
and involves an inventive step with regard {o the state of the art as cited in
the 'search report. None of the documents cited in the international search
reports discloses rotating high pressure nozzle with all the features according
to any of the claims 2 - 14. Theretore, the person skilled in the art has no
incentive to include these features in & high pressure nozzle as reported in
the cited documents to come 1o a high pressure nozzle according to claims
214,

itis noted that this suggestion is only for assisting the applicant in his decision
on how to proceed. It in no way precludes consideration of alternative
solutions submitted by the applicant. The responsibility for determining the
text of the application and in particutar for defining the subject-matter for
which protection is sought remains with the applicant.

FormNL 2373 fsdparrie sheetl iduly 20EE! (sheet 8}
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3 Industrial applicability

The subject-matter of claims 1-15 can be made in an industry, itis therefore
considered industrially applicable.

Re item Vil

Centain defects in the international application

1 The features of the claims are not provided with reference signs placed in
parentheses.
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