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Abstract

The invention relates to a pneumatic atomizing nozzle {10), which preferably can be supplied with gas
and operated by means of a fan (43). The pneumatic atomizing nozzle (10) has a nozzle body (11}, which
bounds a flow space (21). The pneumatic atomizing nozzle (10) also has a liquid channel (27) having an
outlet opening (38). Within the flow space (21), a liquid film (41) is formed, which is transported within
the flow space (21) to the nozzle outlet (17) by the gas flow. The outlet opening (38) of the liquid
channel (27) defines an outlet direction (A) for the liquid into the flow space {21), which outlet direction
preferably is opposite the flow direction (S) of the liquid film (41). At least in some sections, the liquid
channel (27) and the outlet opening (38) thereof preferably extend transversely through the nozzle body

(11} in a curved, wound, or meandering manner.



CA 02963017 2017-03-29

WO 2016/055116 PCT/EP2014/071692

¢

Pneumatic Atomizing Nozzle

The invention relates to a pneumatic atomizing nozzle, a
nozzle device and a method for operating a pneumatic atomizing

nozzle.

Pneumatic atomizing nozzles are used in applications in
which finely atomized liquid droplets are required, including,
for example in systems for dust precipitation or gas cooling
systems. A liquid or a liquid mixture or a suspension, which may
also contain additives such as cleaning agents or the like, is
supplied to a pneumatic atomizing nozzle. Hereinafter reference
is made to a liquid which shall also comprise mixtures of
liquids. In order to atomize the liquid into fine liquid droplets
a pressurized gas flows with the liquid out of a chamber, thus
supporting atomization. The liquid that is atomized with the
pressurized air is dispensed as an atomized spray jet from at

least one outlet opening of the pneumatic atomizing nozzle.

A pneumatic atomizing nozzle has been known from
publication EP 0 714 706 Bl, for example. The pneumatic atomizing
nozzle comprises a liquid connection, as well as an air
connection. The ligquid connection is fluidically connected to a
liguid channel that extends coaxially along a nozzle axis and
terminates in a mixing chamber. The liquid flow flows in the form
of a jet along the nozzle axis into the mixing chamber. Radially
with respect to the nozzle axis, several injection channels
discharge into the mixing chamber, said channels being
fluidically connected to the air connection. In the mixing
chamber, the axial liquid flow is atomized by means of the
inflowing air and is dispensed downstream along the nozzle axis

through an outlet opening.

In most cases the nozzles are operated with water as the

liquid and with pressurized air as the pressurization medium for
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atomization. For generating pressurized air, compressors are used
which have a high purchase cost and are high-maintenance.
Furthermore, compressors must be taken to the site of use or be
available there, which cannot always be ensured. Due to the small
dimensions of the channels in known pneumatic atomizing nozzles,
they must also be supplied with water that is as free as possible of

dirt particles to prevent a plugging of the nozzle.

Considering this, it is the object of the invention to provide

an improved concept for a pneumatic atomizing nozzle.

In particular, it is the object of the invention to provide a
pneumatic atomizing nozzle that overcomes the disadvantages of prior
art and that allows a good atomization of the liquid without the aid
of air - without requiring inevitable compressors - and that is

preferably largely resistant to contamination.

According to an aspect of the present invention, there is
provided a pneumatic atomizing nozzle comprising a nozzle body that
bounds a flow space which leads to a nozzle opening which defines a
nozzle outlet, a gas channel for supplying a gas, said gas channel
terminating in the flow space, a liquid channel for supplying a
liquid, said liquid channel having at least one outlet opening
through which the liquid is discharged into the flow space in order
to be charged with the gas in order to form a liquid film in the
flow space, wherein the outlet opening defines an outlet direction
out of the liquid channel for the liquid, said direction being
opposite to a flow direction of the liquid film in the flow space,
wherein the liquid channel is formed through a guide body that is
configured and arranged so as to divide a liquid flow in the flow
space and to guide liquid flowing to the nozzle opening, wherein the
guide body has, at least in some sections, a form of an airfoil
shape or an elongated drop shape or symmetrical wedge shape in

cross—section, wherein a front side of the guide body facing the

- 2 -
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nozzle opening forms a tearing edge for the liquid film , said

tearing edge arranged near the nozzle opening.

According to another aspect of the present invention, there is
provided a nozzle device comprising a pneumatic atomizing nozzle as
described above and comprising a fan, wherein the fan is arranged to

supply the pneumatic atomizing nozzle with gas.

According to another aspect of the present invention, there is
provided a method for operating a pneumatic atomizing nozzle, the
method comprising the steps of: supplying liquid to a liquid channel
that is formed through a guide body which is configured and arranged
so as to divide a liquid flow in a flow space and to guide liquid
flowing to a nozzle opening, wherein the guide body has, at least
in some sections, a form of an airfoil shape or an elongated drop
shape or symmetrical wedge shape in cross-section, wherein a front
side of the guide body facing the nozzle opening forms a tearing
edge for a liquid film, said tearing edge arranged near the nozzle
opening, ejecting the liquid from the liquid channel into the flow
space in a liquid outlet direction, supplying gas to the flow space
for which a gas flow direction has been defined, said gas flow
direction being different from the liquid outlet direction, charging
the liquid entering the flow space with the gas in such a manner
that the liquid is deflected around the guide body and the liquid
film is formed, said liquid film flowing in a flow direction
opposite the liquid outlet direction to the nozzle opening , and

dispensing the liquid through the nozzle opening.

According to a first aspect of the invention, a pneumatic
atomizing nozzle is provided, said nozzle comprising a nozzle body
that delimits the flow space. A gas channel is disposed to supply a
gas, for example air, and terminates into the flow space. A liquid
channel of the pneumatic atomizing nozzle is disposed to supply a

liquid, for example water, and has at least one outlet opening. The

- 3 -

Date Regue/Date Received 2020-12-14



81803221

liquid exits through the outlet opening into the flow space. In the
flow space, the gas acts on the liquid in order to form a liquid
film in the flow space. The outlet opening defines the outlet
direction of the liquid out of the liquid channel into the flow
space. The outlet opening is directed opposite a flow direction of

the liquid film in the flow space.

Due to the relative arrangement of the outlet opening, the
output liquid is acted upon by gas flow in such a manner that it is
deflected and then continues to flow essentially in the opposite
direction of flow. In doing so, the liquid is formed into a thin
liquid film. This provides the basis for good atomization of the
liquid film that is acted upon by the gas, e.g., air. In doing so,
it is possible to work with reduced gas pressures so that,

optionally, the use of a compressor may be dispensed with.

The flow direction of the liquid film is determined by the gas
flow direction. The liquid and the gas are discharged through a
nozzle opening of the pneumatic atomizing nozzle. The arrangement of
a gas inlet and the nozzle opening defines the flow direction of the

liquid film in the flow space toward the nozzle outlet.

According to another aspect, a pneumatic atomizing nozzle is
produced that comprises a nozzle body that delimits a flow space, a
gas channel and a liquid channel. The gas channel terminates in the
flow space and is disposed to feed a gas into the flow space. The
liquid channel has at least one outlet opening through which the
liquid exits into the flow space. The gas acts on the liquid in the
flow space in order to form a liquid film in the flow space. The
liquid channel and the outlet opening extend in such a manner that
they — projected onto a projection plane extending transversely
through the flow space and perpendicularly to the outlet direction -
form a line that is curved, wound or meandering in at least in some

sections.
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Due to the elongated extension of the liquid channel that is
curved, wound or meandering at least in some sections, preferably
kink-free, and the outlet opening, it is possible to provide an

adequate length of the outlet opening for the liquid,
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said outlet opening making it possible to form an elongated,
largely uniform, thin liguid film upon leaving the outlet
opening. This provides the basis for good atomization of the
liquid film acted upon by the gas, as well as for the fact that
reduced gas pressures can be used, so that - optionally - the use

of a compressor may be omitted.

In an advantageous embodiment, the liquid channels with its
outlet opening extends in a nozzle body having the shape of a
circular cylinder in an arcuate manner along the lateral surface
wall of the cylinder at a radial distange therefrom. However, the
liguid channel may also extend in a serpentine, meandering or
otherwise suitable manner, with one or more windings or loops,
through the nozzle body in order to form the longest possible arc
length of the outlet opening or the largest possible outlet
surface as defined by the outlet opening. The nozzle body may

also have the form of a square or rectangular cylinder.

Furthermore, a pneumatic atomizing nozzle is disclosed that
exhibits the features of the pneumatic atomizing nozzles

consistent with the two described aspects.

Due to the arrangements and configurations that are
disposed to deflect the liquid film and dispense the ligquid film
along the longest possible, narrow outlet opening transversely
with respect tec the gas channel, the flow space can also be
utilized particularly effectively with gas that flows in under
low pressure in order to form a liquid film. In particular, the
liguid can also be effectively discharged from the pneumatic
atomizing nozzle and atomized without the use of pressurized air
in such a manner that fine liquid droplets form behind the
pneumatic atomizing nozzle. In this case, pressurized air is
understood to mean compressed air exhibiting an excess pressure

of more than 1 bar.
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The pneumatic atomizing nozzles may advantageously be developed

further:

In some embodiments, at least in some sections, the liquid channel
is arranged inside the flow space so that the liquid channel is enclosed
in the flow space, at least in some sections. Preferably, the liquid
channel extends through the flow space. In this manner, it is possible
to discharge the liquid across a large area into the flow space and to

distribute it so as to form a film.

In some embodiments, the liquid channel extends in an arcuate
manner around the flow direction, at least in some sections. Due to the
arcuate form of the liquid channel in the flow space, it is possible to
create a relatively large outlet opening for the liquid, so that the
liquid can be distributed on a large guide surface for the liquid film

in a still compact nozzle body.

In some embodiments, the liquid channel extends, at least in some
sections, along the periphery of the nozzle body. A flow direction
through the channel is defined by the liquid channel, said flow
direction preferably being oriented transversely with respect to the
flow direction of the liquid film outside the channel. Consequently, it
is possible to produce a long flow path of the liquid film through the
nozzle body.

In some embodiments, the liquid channel has the form of a spiral.
Preferably, the liquid channel has the form of a spiral, in at least
some sections. For example, the spiral may be - but not necessarily - an
Archimedean spiral. The spiral may be one-dimensional or three-
dimensional, i.e., form a screw. However, the liquid channel may also be
circular, for example. The liquid channel may also comprise several
concentric, circular sections, for example. The liquid channel may also
be arranged - completely or in some sections - following a path with

radial
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segments and circumferential segments, for example, meandering,
serpentine, zigzagging, however preferably without kinks, etc.,
in the flow space in such a manner that a length of the liquid
channel and the outlet opening adequate for the present purposes

can be ensured.

In one embodiment of the invention, the liquid channel is
formed by at least one first channel wall and one second channel
wall. The first channel wall and/or the second channel wall may
form a guide body with guide surfaces for the liguid film. The
contour of the guide body - formed by the outside surface side of
the first channel wall and/or the outside surface side of the
second channel wall - is preferably configured so as to be
suitable to guide the liquid dispensed in the form of a liquid

film to the nozzle opening.

Due to the guide surface, the supplied amount of liquid
with the supplied amount of gas can be utilized particularly
effectively for forming and atomizing the liquid film. With this
guide surface that is preferably formed by the ocutside surfaces
of the first channel wall and the outside surface of the second
channel wall, it is possible to provide an adequate effective
length for the flowing gas on the liquid film. In this manner, it
is possible to achieve an extremely fine atomization of the

liguid - even at minimal gas pressure.

Inasmuch as the guide body extends along the periphery of
the flow space, it is possible to produce a particularly wide and
thus large-area guide surface for the liquid, despite a possible

compact design of the pneumatic atomizing nozzle.

The gas flowing to the nozzle opening flows past the guide
surface and drives the liguid or the liguid film through the

nozzle opening. Due to the gas flowing over the liquid film, the



81803221

liquid film can be excited to oscillate. In doing so, the film can

be advantageously elongated and thus made thinner.

In some embodiments, the guide body is configured in such a
manner that it can divide the liquid flow upon being discharged from
the outlet opening into the flow space, so that the liquid flow
flows around the guide body in the flow space preferably on two
sides. Furthermore, the guide body is suitably configured so as to
promote the deflection of the liquid in flow direction through the

flow space counter the outlet direction, and the film formation.

In some embodiments, the outlet opening is preferably arranged
on one face side of the liquid channel or the guide body, so that
the liquid - following the deflection - is essentially uniformly
distributed over the channel wall surfaces that form the guide
surface. By dividing the liquid flow and the bilateral flow of the
liquid and the gas around the guide body, both sides of the guide
body that are oriented transversely with respect to the gas flow
direction and the liquid flow direction, respectively, are disposed
to guide and form the liquid film. As a result of this, the surface
of the liquid film and thus the effective area of the gas flow are

enlarged.

In some embodiments, the second channel wall - viewed in cross-
section of the preferably cylindrical nozzle body through the center
or cylinder axis — is preferably laterally reversed with respect to
the first channel wall, in which case the plane of mirror symmetry
extends parallel to the center or the cylinder axis. Preferably, the
guide body is symmetrical in cross-section with respect to an axis
that extends through the imaginary connecting line from the outlet
opening of the liquid channel to the nozzle opening of the nozzle

body.
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In some embodiments, the guide body has a preferably
symmetrical wedge form in the direction to a face side facing away
from the outlet opening of the liquid channel. Particularly
preferably, the guide body has the form of a bearing surface in
cross—section. The guide body may also have an elongated drop shape
in cross-section. These forms are particularly suitable for the
deflection of the liquid after being discharged from the outlet
opening and for the formation and guidance of the thin liquid film.
The face side of the guide body facing the nozzle opening preferably
forms a tearing edge for the liquid film, said tearing edge being
located near the nozzle opening. Due to the tearing edge, the liquid
can be separated from the guide surface and carried toward the
outside through the nozzle opening out of the nozzle body and be

atomized due to the gas flow.

In some embodiments, the outlet opening of the liquid channel
is preferably configured so as to be continuous. This allows an
unimpaired discharge of the liquid into the flow space and promotes
the formation of an uninterrupted liquid film that is as cohesive as

possible.

In some embodiments, the outlet opening preferably has the form
or the curvature of the section of the liquid channel that extends
through the flow space. The outlet opening, like the liquid channel,
is spiraliform, circular, meandering or configured in any other way
with one or more windings or loops, for example. Preferably, the
outlet opening extends along the periphery of the flow space. For
example, the outlet opening may extend in an arcuate manner along
and inner radial boundary surface of the flow space. For example,
the flow space may be delimited by a cylindrical wall, along which
the outlet opening extends in at least some sections. For example,
the outlet opening may also extend in an arcuate form along the
periphery of the flow space or the nozzle body on a path with

decreasing diameter.
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In some embodiments of a spiraliform outlet opening, the spirail
form of the outlet opening extends along the periphery of the nozzle
body, preferably over at least one revolution (by at 360°) or even
over at least two revolutions. In this manner, the outlet opening
may be “wound up”. Preferably, this also applies to the liquid
channel and to the guide surface. Due to the wound-up form of the
outlet opening and of the guide surface, the liquid film can be
exposed to the gas flow over the entire cross-sectional area of the
nozzle body. In this manner, a long outlet opening and a large guide
surface may be formed within the tightest space in a compact nozzle
body. The large guide surface formed on the surface of the guide
body ensures a thin water film onto which the gas flow may act over
a large area. In this manner, it is possible, even at low gas
pressures, for example, of a maximum of 300 mbar, to achieve a fine
atomization of the liquid. Such pressures can be generated with
standard ventilators or fans. The use of compressors that are
expensive to purchase, operate and maintain can be avoided. This
expands the field of use and the variety of locations where the
pneumatic atomizing nozzle according to the invention can be

employed.

In some embodiments, the outlet opening is preferably an outlet
slit or outlet gap, as a result of which the liquid is ejected
almost linearly. Preferably the outlet slit is arranged on the face
side of the guide surface facing the gas flow. In this manner, it is
possible to generate a particularly thin, large—area, preferably

cohesive, liquid film on the guide surface.

Due to the arcuate or spiraliform extension along the periphery
of the flow space, it is indeed possible to attain a gap-shaped
outlet opening; however — overall — there is still provided a large
outlet surface through which the required amount of liquid enters

into the flow space.

Date Regue/Date Received 2020-12-14
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The free flow path through the nozzle body and out of the
nozzle body has a dimension transversely with respect to the flow
direction, preferably at all times, of at least 2 mm. The pneumatic
atomizing nozzle made in this way is less susceptible to plugging,
even if the pneumatic atomizing nozzle is charged with water loaded
with dirt particles. As a result of this, the pneumatic atomizing
nozzle can also be reliably used at locations where clean water for

the nozzle is not available.

The flow space may comprise a section having the form of a
spiral. The spiraliform section may contain the spiraliform liquid
channel. The spiraliform flow space may have an open face side where
the gas channel terminates in the flow space. The outlet opening of
the liquid channel is preferably oriented in the same direction as
the open face side of the spiraliform section of the flow space. The
outlet opening may be offset relative to the face side, backward in
the direction of the nozzle opening. Due to the described
arrangement, the gas flow can be radially divided, in which case the
flow space still remains continuous. In this manner, the existing
gas flow can be deflected particularly closely over a long effective

distance past the guide surfaces of the liquid channel.

In some embodiments, the gas channel terminates in the flow
space in a direction opposite the outlet opening, in which case the
orifice is opposite the nozzle opening. In this manner, the gas flow
is defined by the flow space in a direction that is counter the
direction of the liquid flow when it leaves the outlet opening.
Thus, the liquid is deflected in a particularly effective manner and

distributed on the guide surface.
In some embodiments, the flow space tapers in the direction of

the nozzle outlet. As a result of this, the flow rate of the gas

increases, this promoting the liquid film
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formation and the discharge of the liquid from of the nozzle

opening.

In some embodiments, the nozzle opening that may also be
referred to as the nozzle outlet, is preferably a slit or a gap. The
nozzle outlet gap may be curved around the flow direction, for

example curved in the form of a spiral.

In some embodiments, the nozzle body has essentially the form
of a cylinder and comprises a gas connection to which the gas
channel is fluidically connected, and comprises a liquid connection
which is fluidically connected to the liquid channel. The gas
connection and the liquid connection are preferably arranged
together on a common first face side of the nozzle body. The nozzle
outlet is preferably arranged on an oppositely located second face
side of the nozzle body. In this manner, simple, clearly arranged
and easy to handle forms of the nozzle body and, in particular, flow
conditions in the nozzle body that are relatively easy for the gas

are the result.

In some embodiments, the nozzle body with the gas channel and
the liquid channel are produced in one piece, in particular by 3D
printing. 3D printing or other additive manufacturing processes are

particularly suitable for the production of the nozzle body.

According to another aspect, there is provided a nozzle device
that comprises at least one of the pneumatic atomizing nozzles
described hereinabove, in which case the nozzle device additionally
comprises a fan that is disposed for supplying the pneumatic
atomizing nozzle with gas. Preferably, the fan generates a pressure
ratio from the gas pressure at the termination of the gas channel in
the flow space to the pressure on the intake side of the fan of a
maximum of 1.3. Preferably, the pressure at the termination of the

gas
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channel in the flow space is increased relative to the pressure on the

intake side by a maximum of 300 mbar.

According to yet another aspect of the invention, there is
furthermore provided a method for operating a pneumatic atomizing
nozzle, in particular a pneumatic atomizing nozzle exhibiting the
features described hereinabove, said method comprising the following

steps:

The pneumatic atomizing nozzle is supplied with liquid via a
liquid channel. The liquid is ejected from the liquid channel into a
flow space. The ejection is accomplished out of an outlet opening in a
liquid discharge direction. Furthermore, gas is introduced into the
flow space. In the flow space, a gas flow direction is defined, in
particular due to the relative arrangement of gas inlet and nozzle
opening. At the location where the liquid exits into the flow space at
the outlet opening, the liquid is dispensed in a direction that is
different from the gas flow direction. In some embodiments, the liquid
discharge direction and the gas flow direction are opposed. The liquid
entering into the flow space is charged with gas. By charging with
gas, the liquid is deflected, and a liquid film is formed that flows
in a flow direction to the nozzle outlet that is opposite the liquid
discharge direction. The liquid is dispensed from the nozzle body

through the nozzle outlet.

The gas is allowed to flow past the surface of the liquid film.
Consequently, the liquid film is transported in the direction toward
the gas outlet and, furthermore, can be excited to oscillate to form

waves, which promotes the atomization outside the nozzle body.
In some embodiments, the ejection of the liquid out of the liquid

channel into the flow space occurs through an outlet slit or outlet

gap. Consequently, the ejection is linear and preferably
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opposite the gas flow. The linear ejection my occur along a curve
along the periphery. Particularly preferably, the linear ejection occurs
out of at least one gap or slit that is curved, serpentine or wound, and
preferably spiraliform in some sections, said gap or slit being curved
around the gas flow direction so that - even in the event of a minimal
slit or gap width — there is provided an adequate outlet surface side

for the liquid.

In some embodiments, the linear ejection of the liquid occurs on

the face side of the guide body that contains the liquid channel.

In some embodiments, during operation, an amount of liquid is
supplied to the liquid channel so that the cross—-section of the liquid
channel is preferably completely filled with liquid. As a result of
this, the liquid channel is also continuously cleaned and the danger

that dirt particles will deposit on the channel walls is reduced.

In some embodiments, the gas is supplied with the aid of a fan
whose outlet is connected — via a line - to the gas connection of the

flow space.

Additional details of advantageous embodiments of the invention
can be inferred from the figures, the drawings and the relevant
description. The drawings show an embodiment of the invention solely for
the purposes of illustration and not for narrowing the invention. They

show in

Figure 1 a simplified perspective view of a pneumatic atomizing

nozzle according to an embodiment of the invention;

Figure 2 a perspective side view, as a simplified

representation, of the pneumatic atomizing nozzle according to Figure 1;

Date Regue/Date Received 2020-12-14
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Figure 3 a longitudinal view of the pneumatic atomizing
nozzle according to Figures 1 and 2, in a perspective view and in

longitudinal section;

Figure 4 a detail of the longitudinal sectional view of

Figure 3;

Figure 5 a schematized representation of a nozzle device

comprising a pneumatic atomizing nozzle and a fan;

Figure 6 a method for operating a pneumatic atomizing nozzle
according to an embodiment of the invention in the form of a greatly

simplified flow chart; and

Figures 7a - 7f plane views, in highly schematized diagrams, of
exemplary configurations of the liquid channel and the outlet
opening of a pneumatic atomizing nozzle according to various

embodiments of the invention.
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The pneumatic atomizing nozzle 10 shown in Figure 1
comprises a nozzle body 11 that is essentially cylindrical. The
nozzle body 11 has a first face side 12 and, preferably, a planar
second face side 13. A gas connection 14 and a ligquid connection
16 are arranged on the first face side 12 (see Figure 5). A
nozzle opening or a nozzle outlet 17 is arranged on the second
face side 13 of the nozzle body 11. The nozzle outlet 17 is an
outlet slit or an outlet gap that is wound around the cylinder
axis Z by more than two complete revolutions to form a planar

spiral.

Figure 2 shows a longitudinal section through the nozzle
body 11. Inside the nozzle body 11, a gas channel 18 adjoins the
face side 12. The gas channel 18 is essentially cylindrical and
is delimited by the cylindrical wall 19 of the nozzle body 11.
The nozzle body 11 comprises a flow space 21 that is also
delimited by the cylindrical wall 19 of the nozzle body 11.
Inside the nozzle body 11, the gas channel 18 terminates axially
in the flow space 21. A spiral wall 22 is arranged in the flow
space 21. Due to the spiral wall 22, the flow space 21 is given
the form of a spiral arm. The center axis Z of the spiral is

parallel to or coincident with the cylinder axis Z.

With a planar, axially open inlet side 23, the flow space
21 adjoins the gas channel 18. The inlet side 23 of the flow
space 21 forms an open face side that faces the face side 12 at
which the gas channel 18 is connected to the gas connection 14.
The flow space 21 is radially divided by the spiral wall 22, but
is open in circumferential direction U, continuocus and
unbranched. The flow space 21 formed by a single spiral arm in
Figure 2 may also be formed by at least two spiral arms.
Alternatively, the flow space 21 may, for example, have several
spaces in the form of concentric cylindrical rings, said spaces
comprising radial flow connections and dividing the gas flow in

radial direction and in circumferential direction U.
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The flow space 21 has a front section 24 and a rear section
26. The front section 24 borders the inlet side 23 and has a
radial spiral arm height H that is constant along the cylinder
axls Z. The rear section 26 adjoins the front section 24. In the
rear section 26, the spiral arm height H decreases gradually in
the direction toward the nozzle outlet 16. As a result of this,
the flow space 21 tapers overall in radial direction. The

spiraliform nozzle outlet slit 17 adjoins the rear section 26.

A liguid channel 27 is arranged in the flow space 21. The
liguid channel 27 comprises a supply section 28 that is arranged
on the wall 19 of the nozzle body 11. The supply section 28
extends parallel to the cylinder axis Z, beginning at the first
face side 12 of the nozzle body 11. The supply section 28 has a
supply channel wall 29. On the one hand, the spiral wall 22
branches off transversely with respect to the cylinder axis Z in
circumferential direction U, and, on the other hand, an outlet
section 31 of the liquid channel 27 branches off at a radial
distance with respect to said spiral wall. Preferably, the outlet
section 31 has only two mounting points, wherein a first mounting
point 3la is located on the supply section 28 and a second
mounting point 31b is located in the center of the nozzle body 11
and connected to the inner end of the spiral wall 22. Additional
mounting points, in particular bars between the spiral wall 22
and outlet channel 31 may be omitted, so that an unimpaired flow
of gas and liquid is made possible axially outside along the
outlet section 31. The outlet section 31 extends axially from the

front section 24 into the rear section 26.

The outlet section 31 extends through the flow space 21
along the periphery of the nozzle body 11, so that a section of
the liquid channel 27 is enclosed by the flow space 21. The
outlet section 31 has a first channel wall 32 and a second

channel wall 33. The first channel wall 32 has a first wall
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outside surface 34, and the second channel wall 33 has a second
wall outside surface 35, each - viewed along the cylinder axis 2
- being spiraliform, so that the outlet section 31 has the form

of a planar spiral.

The outlet section 31 has an outlet side 37. The first
channel wall 32 and the second channel wall 33 are not connected
on the outlet side 37, so that - radially between the first
channel wall 32 and the second channel wall 33 - a gap-shaped,
continuous outlet opening 38 is formed, said opening following
the course of the outlet section 31. The outlet opening 38 is
arranged at a distance from the inlet side 23 of the flow space
21 and faces said inlet side. The outlet opening 38 is planar and
oriented transversely with respect to the gas flow direction S.
Here, the outlet opening 38 has in particular the form of a
planar spiral that, however, may also be configured as a three-
dimensional spiral, i.e., a screw. Due to the spiral form, the
outlet opening 38 extends along the periphery of the flow space
17. In particular, the outlet opening 38 extends in an arcuate
manner along the spiral wall 22 and the wall 19 of the nozzle
body 11. Furthermore, due to the spiral form, the outlet opening
37 extends in an arcuate manner along the periphery of the flow

space 21 on a path with continuously decreasing diameter.

The side of the outlet section 31 opposite the outlet side
37 forms a stripping side 39. The outlet section 31 tapers
axially in the form of a wedge toward the stripping side 39 and
the nozzle opening 17, respectively, and is arranged in the rear
section 26 of the flow space 17 that tapers in the direction
toward the nozzle opening 17 in the form of a wedge. The first
wall outside surface 34 and the second wall outside surface 35
extend from the outlet side 37 to the stripping side 39. The
first wall outside surface 34 is oriented radially outward, and
the second wall outside surface 35 is oriented radially inward.

The first channel wall 32 and the second channel wall 33 are
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connected to each other on the stripping side 39 and form a
tearing edge 40 for a liguid film 41 there, said liquid film
flowing along the channel walls 32, 33. The stripping side 39 or

tearing edge is arranged at a distance near the nozzle outlet 17.

Viewed in longitudinal section, as is obvious from Figure
2, the channel walls 32, 33 together thus form an essentially
symmetrical wedge configuration or elongated drop configuration
similar to an airfeil profile, relative to the longitudinal plane

and plane of symmetry parallel to the cylinder axis Z.

Figure 3 is a longitudinal section through the pneumatic
atomizing nozzle 10 as described hereinabove. Due to its
orientation in the flow space 21, the outlet opening 38 -
together with the first channel wall 32 and the second channel
wall 33 - defines an outlet direction A for the liguid on the
inlet side 23. This is oriented in opposite direction of the flow
direction 8 of the gas that flows from the first face side 12 to

the second face side 13.

The pneumatic atomizing nozzle 10 described so far and
comprising the nozzle body 11, the gas channel 18 and the liguid
channel 27 is preferably configured as a one-piece integral body
and can thus be produced, for example, by an additive
manufacturing process, in particular, by 3D printing. Preferably,
the nozzle body 11 is free of seams and joints and consists of a
uniform material, preferably plastic or metal. Indeed, 1t 1is also
possible to produce the nozzle body 11 with several separately
manufactured and joined parts; however this is less desirable in
this case - among other things due to the greater expense and the

disadvantages related to seams and joints.

The pneumatic atomizing nozzle 10 described hereinabove can
be used in many applications such as, e.g., for moistening or

cooling objects in industrial production, for atomizing water and

—-18~



CA 02963017 2017-03-29

WO 2016/055116 , , PCT/EP2014/071692

the like. In particular, it is suitable for use in dust
precipitation systems or gas cooling systems. The pneumatic
atomizing nozzle 10 is operated as described hereinafter, in

which case the description relates to Figures 1 - 5:

The pneumatic atomizing nozzle 10 is charged with gas, for
example air, that is moved in the direction of flow by a fan. As
illustrated by Figure 5 showing an embodiment of an inventive
nozzle device 42 in a simplified block diagram; it comprises a
pneumatic atomizing nozzle 10 and a fan 43, and, to do so, the
fan 43 is connected to the gas connection 14 that terminates on
the face side 12 in the gas channel 18 of the pneumatic atomizing
nozzle 10. Due to the relative arrangement of the gas connection
14 on the face side 12, the gas channel 18, as well as the flow
space 21 and the nozzle outlet 16 on the opposite face side 13, a

gas flow direction S is defined in the flow space 21.

A pump 44 is connected to the liquid connection 16 on the
first face side 12 of the nozzle body 11, in which case the
ligquid connection 16 is connected to the supply section 28 of the
liguid channel 27. The pump 44 conveys water out of a liquid
supply 46, so that the pneumatic atomizing nozzle 10 is supplied
with ligquid, for example water. The inner flow dimensions inside
the nozzle body 11, in particular the spiral arm height H, the
cross-sectional area of the liquid channel, the width of the
outlet gap 38 as defined by the radial distance of the channel
walls 32, 33 from each other, or the height of the nozzle outlet
17, etc., are adequately dimensioned, preferably are at least
2 mm, so that water loaded with contaminants can also be used for
supplying the pneumatic atomizing nozzle 10, without there being

a noticeable risk of plugging the pneumatic atomizing nozzle 10.

Initially, the ligquid flows along the supply section 28
into the outlet section 31. Within the outlet section 31, the

liquid flows along the circumferential direction U, transversely
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with respect to the cylinder axis Z around the gas flow S. The
outlet section 31 thus defines a channel direction K in which the
liquid flows in the outlet section 31 and which is oriented
trans&ersely with respect to the gas flow direction S. This is
indicated in Figure 3 by the symbols “ -7 and “x” that symbolize a
flow out of the plane of projection or into the plane of

projection.

On the outlet side 37 of the outlet section 31, the liguid
is linearly ejected through the gap-shaped outlet opening 38 in
front section 24 of the flow space 17 in outlet direction A. Due
to the arrangement of the outlet opening 38 relative to the first
face side 12 where the gas channel 18 terminates in the flow
space 21, the outlet direction A of the gas flow direction S is

in the opposite direction.

As is shown specifically in the detail of Figure 4, the
liquid flowing out of the outlet opening 38 is caught by the
oppositely directed gas flow S and deflected by 180° into the gas
flow directions. Due to the gas flow, the liquid is bilaterally
distributed around the outlet section 31 to the first wall
outside surface 34 and the second wall outside surface 35 of the
channel walls 32, 33 while forming a liquid film 41. The wall
outside surfaces 34, 35 form the guide surfaces for the liquid
film 41. To this extent, the channel walls 32, 32 form a guide
body 36 for the liquid, said guide body extending along the
periphery of the nozzle body 11. The guide body 36 divides the
flow space 21 and the liquid flow outside the liguid channel 27
in radial direction, so that the liquid flows bilaterally around
over the upper, first wall outside surface 34 and the lower,
second wall outside surface 35 in the Figures. Due to the
opposing gas flow that is largely uniform in radial direction and
the essentially symmetrical guide body 36, the liquid flow is
divided largely uniformly outside the liquid channel 27. The gas

flowing on the liguid surface to the nozzle outlet 17 then drives
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the liquid film 41 in the gas flow direction S toward the nozzle
outlet 17. In doing so, the liquid film 41 is also charged with
the gas in such a manner that the liguid film 41 is additionally
excited to oscillate. In doing so, a preliminary atomization of
the liquid film 41 may already occur, while these - together with
the partial gas streams - flow over the wall outside surfaces 34,

35 on the guide body 36 to the stripping side 39.

Inasmuch as the width of the flow space 21 - measured
between the wall outside surfaces 34, 35 of the guide body 36 and
the oppositely located inside surfaces of the spiral wall 22 -
increasingly decrease toward the stripping side, the partial
ligquid flows 41 flowing over the wall outside surfaces 34, 35
become increasingly thinner and are accelerated. On the stripping
side, the partial liquid flows 41 meet at the tearing edge 40 and
are separated from the guide body 36 by the latter. The liquid
flows are ejected together with the gas flow toward the outside
through the nozzle outlet opening 17 out of the pneumatic
atomizing nozzle 10, in which case the ligquid is atomized - as it
is being discharged - into fine liguid droplets outside the

pneumatic atomizing nozzle 10.

Now reference is made to Figure 6 that shows a flowchart
illustrating a general method 50 for operating a pneumatic
atomizing nozzle according to the invention that can be used, in
particular, with the pneumatic atomizing nozzle 10 according to

Figures 1 - 5.

The method 50 begins with the supply of liquid to a
pneumatic atomizing nozzle, e.g., the pneumatic atomizing nozzle
10, through a liquid channel (e.g., 27), as illustrated by step
51.
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Then the liguid flows through the liguid channels and is
ejected therefrom into a flow space (e.g., 17) in a liquid outlet

direction A, as illustrated by step 52.

At the same time, gas is introduced into the flow space in
a gas flow direction S (step 53). The gas flow direction S is
different from the liguid outlet direction A and is preferably

opposite thereto.

The liquid entering the flow space is charged with the gas
flow in such a manner that the liquid is deflected and a liquid
film (e.g., 41) is formed, said liquid film flowing in a flow
direction S to a nozzle outlet (e.g., 17) counter the liquid
outlet direction A (step 54). Due to the gas flow, it is possible

to pre-atomize the liquid film already up to a certain degree.

Finally, the liquid is dispensed through the pneumatic
atomizing nozzle outward through the nozzle outlet. In doing so,
the liquid is torn apart and finely atomized due to the flowing
gas. The discharge may be accomplished in that the ejected liquid
slightly spreads toward the outside in the form of a truncated

cone, which further supports atomization.

In a preferred embodiment of the method 50 according to the
invention, the supply of the gas into flow space occurs with a
fan (e.g., 43). The use of expensive compressors is not

necessary.

In another advantageous embodiment of the method 50, the
ejection of the liquid out of the liquid channel into the flow
space in a linear manner through a narrow outlet gap occurs
preferably through a tightly wound spiraliform outlet gap. The
outlet gap may — at least in some sections - also be curved,
wound or serpentine. In any event, the longest possible outlet

gap 1is formed as a result of this, and the liquid being
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discharged through the outlet gap can be effectively charged and
be deflected as desired and/or re-shaped to form a thin liquid
film, as a result of which atomization is advantageously further

supported.

Numerous modifications are possible within the framework of
the invention. For example, Figures 7a - 7f show exemplary
courses of liquid channels 27 with associate outlet openings 38
according to different embodiments of the invention. Shown are
planar views that result by projecting the liquid channels 27 and
the outlet openings 38 on a plane of projection that extends
transversely through the flow space 21 and essentially
perpendicularly to the outlet direction A (see Figure 2) of the
liguid out of the outlet opening 38. Although the limited width
of the gap-shaped outlet openings 38 results in band-shaped curve
courses when projected onto the plane of projection, these are

shown here by thin lines for simple and clear illustration.

Figure 7a shows the line of projection of the spiraliform
liguid channel 27 with the outlet opening 38 of the preferred
embodiment shown by Figures 1 to 3. The spiral form can result
from a planar spiraliform or helical course of the ligquid channel

27.

Instead of the spiral form the course of the liguid channel
27 with the outlet opening 38 could also take the form of a
circle or of several concentric circles that are preferably
continuously connected to each other, however need not be.
Depending on the application, a curved arcuate section, e.g., of
a circle or a spiral, that preferably subtends an angle of at
least 90°, more preferably 180°, may be adequate. Particularly
advantageous is an extension over at least one revolution (by at

least 360°) or even over two revolutions.
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Figure 7b shows a serpentine or wound, meandering form of
the course of a liquid channel 27 with the outlet opening 38 that
has several - in this instance four — loops 61 that are turned by
an angle of 90°, here around a central center axis of the flow

space and connected to each other.

The meandering embodiment according to Figure 7c is similar
to that of Figure 7b, whereby here several loops 62, 63 are
formed, said loops being arranged next to each other in a
direction transverse to the flow space 21 and connected to each

other.

Furthermore, Figures 7d - 7f show embodiments, wherein the
spiraliform, steliform or serpentine courses of the liguid
channels 27 and the outlets 38 each have several straight line
sections 64 with interposed curved or arcuate connecting sections
65. AS in the embodiments mentioned hereinabove, the courses may

be two-dimensional or three-dimensional.

Advantageously in all embodiments, an elongated,
continuous, kink-free course with a plane of projection is
obtained that extends along or covers a large portion of the flow
space 17 or the plane of projection. The great length of the
liquid channel 27 and the outlet openings 38 allows - even with a
highly limited gap width - an adequate amount of liguid to
discharge in the form of an elongated, uniform, thin liquid film
out of the outlet opening to be subsequently effectively

atomized.

The nozzle opening 17 forming the outlet of the nozzle 10
preferably has essentially the same form as the line of
projection of the liquid channel 27 and the outlet opening 38,

however, it may also be different therefrom.
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Furthermore, as is also obvious from Figures 7a ~ 7f, the
flow space 21 may have any desired form - preferably cylindrical
or tubular - with, for example, a circular, oval, square,

rectangular or any other suitable cross-section.

Disclosed herein is a pneumatic atomizing nozzle 10, which
preferably can be supplied with gas and operated by means of a
fan 43. The pneumatic atomizing nozzle 10 has a nozzle body 11,
which bounds a flow space 21. The pneumatic atomizing nozzle 10
also has a liquid channel 27 having an outlet opening 38. Within
the flow space 21, a liquid film 41 is formed, which is
transported within the flow space 21 to the nozzle outlet 17 by
the gas flow. The outlet opening 38 of the liquid channel 27
defines an outlet direction A for the liquid into the flow space
21, which outlet direction preferably is opposite the flow
direction S of the liquid film 41. At least in some sections, the
liguid channel 27 and the outlet opening 38 thereof preferably
extend transversely through the nozzle body 11 in a curved,

wound, or meandering manner.
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CLAIMS:

1. A pneumatic atomizing nozzle comprising

a nozzle body that bounds a flow space which leads to a nozzle
opening which defines a nozzle outlet,

a gas channel for supplying a gas, said gas channel
terminating in the fliow space,

a liquid channel for supplying a liquid, said liquid channel
having at least one outlet opening through which the ligquid is
discharged into the flow space in order to be charged with the gas
in order to form a ligquid film in the flow space,

wherein the outlet opening defines an outlet direction out
of the l1iquid channel for the 1iquid, said direction being opposite
to a flow direction of the liquid film in the flow space,

wherein the 1iguid channel is formed through a guide body that
is configured and arranged so as to divide a 1iquid flow in the flow
space and to guide liquid flowing to the nozzle opening , wherein
the guide body has, at least in some sections, a form of an airfoil
shape or an elongated drop shape or symmetrical wedge shape in
cross—section, wherein a front side of the guide body facing the
nozzle opening forms a tearing edge for the liquid film, said tearing

edge arranged near the nozzle opening.
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2. A pneumatic atomizing nozzle according to Claim 1,

wherein the l1igquid channel and the outlet opening of the 1iquid
channel extend in such a manner that they, when projected
transversely through the flow space and perpendicularly to an outlet
direction onto a projection plane, forma line that is curved, wound

or meandering, at least in some sections.

3. A pneumatic atomizing nozzle according to Claim 1, wherein
the liguid channel is arranged inside the flow space, at least in

some sections.

4., A pneumatic atomizing nozzle according to claim 2, wherein
the liquid channel extends in an arcuate manner around the flow

direction, at least in some sections.

5. A pneumatic atomizing nozzle according to Claim 4, wherein

the liquid channel has the form of a spiral.

6. A pneumatic atomizing nozzle according to Claim 5, wherein
the spiral form extends at least over one revolution or even more

than two revolutions.

7. Apneumatic atomizing nozzle according to any one of Claims
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1 to 6, wherein the outlet opening is an outlet slit / outlet gap.

8. Apneumatic atomizing nozzle according to Claim 7, wherein

the outlet slit is arcuate, in at least some sections.

9. A pneumatic atomizing nozzle according to Claim 8, wherein

the outlet slit is in the formof a spiral, in at least some sections.

10. Apneumatic atomizing nozzle according to any one of Claims
1 to 6, wherein the gas channel terminates in the flow space in a

direction opposite the outlet opening.

11. Apneumatic atomizingnozzle according to any one of Claims
1 to 6, wherein the flow space tapers in the direction of the nozzle

outlet.

12.A pneumatic atomizing nozzle according to Claim 11,
wherein the flow space tapers gradually in the direction of the

nozzle outlet.

13. Apneumatic atomizing nozzle according to any one of claims
1 to 6, wherein the nozzle body has a nozzle outlet that is curved

around the flow direction.
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14. A pneumatic atomizing nozzle according to claim 13,
wherein the nozzle outlet is curved around the flow direction in

the form of a spiral.

15. Apneumatic atomizing nozzle according to any one of Claims
1 to 6, wherein the nozzle body has an essentially cylindrical form
and comprises a gas connection that is fluidically connected to the
gas channel and a liquid connection that is fluidically connected

to the liquid channel.

16. A pneumatic atomizing nozzle according to Claim 15,
wherein the gas connection and the liquid connection are arranged
together on a face side of the nozzle body, and the nozzle outlet

is arranged on an opposite face side of the nozzle body.

17. A pneumatic atomizing nozzle according to Claim 15 or 16,
wherein the nozzle body is made in one piece with the gas channel

and the liquid channel.

18. A pneumatic atomizing nozzle according to Claim 17,
wherein the nozzle body is made in one piece with the gas channel

and the liquid channel by 3D printing.
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19. A nozzle device comprising a pneumatic atomizing nozzle
according to any one of claims 1 to 18 and comprising a fan, wherein
the fan is arranged to supply the pneumatic atomizing nozzle with

gas.

20. A method for operating a pneumatic atomizing nozzle, the
method comprising the steps of:

- supplying liguid to a 1liquid channel that is formed through
a guide body which is configured and arranged so as todivide a 1iquid
flow in a flow space and to guide liquid flowing to a nozzle opening,
wherein the guide body has, at least in some sections, a form of
an airfoil shape or an elongated drop shape or symmetrical wedge
shape in cross—-section, wherein a front side of the guide body facing
the nozzle opening forms a tearing edge for a liquid film, said
tearing edge arranged near the nozzle opening,

- ejecting the liquid from the liquid channel into the flow
space in a liquid outlet direction,

- supplying gas to the flow space for which a gas flow direction
has been defined, said gas flow direction being different from the
liquid outlet direction,

- charging the liquid entering the flow space with the gas

in such a manner that the liquid is deflected around the guide body
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and the liquid film is formed, said liquid film flowing in a flow
direction opposite the liquidoutlet direction to the nozzle opening,
and

- dispensing the 1ligquid through the nozzle opening.

21. The method according to Claim 20, wherein supplying the

gas to the flow space is done using a fan.

22 . The method according to Claim 20 or 21, wherein ejecting
the liquid out of the ligquid channel into the fiow space occurs

linearly through an outlet opening.

23. The method according to Claim 22, wherein the outlet

opening is an outlet slit that is wound in a spiraliform manner.

24 . The method of any one of claims 20 to 23, wherein the

pneumatic atomizing nozzle comprises the pneumatic atomizing nozzle

as claimed in any one of claims 1 to 18.
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