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Dispersing nozzle for supplying fluid intended for the manufacture and/or processing of a

fibrous web in a paper or board machine in droplets into and/or onto the fibrous web

(57) A spray nozzle for supplying fluid intended for
the manufacture and/or processing of a fibrous web in a
paper or board machine in droplets into and/or onto the
fibrous web. The nozzle comprises a first flow channel
(1) for the fluid to be dispersed and a second flow channel
(2) for the dispersing fluid, the second flow channel (2)
surrounding the first flow channel (1). The fluid to be dis-
persed exiting from the first flow channel (1) is arranged
to travel essentially rectilinearly and the dispersing fluid

exiting from the second flow channel (2) is arranged to
travel in a swirling motion around the fluid to be dispersed
and to come into contact with the fluid to be dispersed
for dispersing it into droplets. In the first flow channel is
arranged, in its central area, a displacement part making
the first channel (1) to surround the displacement part,
whereby the fluid to be dispersed is discharged from the
nozzle in the shape of a hollow body.
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Description

[0001] The object of the presentinvention is a dispersing nozzle for supplying fluid intended for the manufacture and/or
processing of a fibrous web in a paper or board machine in droplets into and/or onto the fibrous web, the nozzle comprising
a first flow channel for the fluid to be dispersed and a second flow channel for the dispersing fluid, the second flow
channel surrounding the first flow channel, wherein the fluid to be dispersed exiting from the first flow channel is arranged
to travel essentially rectilinearly, and the dispersed fluid exiting from the second flow channel is arranged to travel in a
swirling motion around the fluid to be dispersed and to come into contact with the fluid to be dispersed for dispersing it
into droplets.

[0002] According to the prior art, for example a liquid jet is dispersed into droplets, that is, into a spray jet, by means
of air or other gas flow supplied around the liquid jet as it exits from the nozzle into free air. The dispersing gas is supplied
around the liquid to be dispersed. The speed difference between the liquid and the gas begins to form the liquid into
droplets. Especially when applying large amounts of liquid, the liquid flow to be dispersed is "thick", that is, the liquid
has to come from a pipe with a large diameter (d > 5 mm) in order for its flow velocity not to increase excessively. The
dispersing gas begins to form the liquid into droplets starting from the outer surface of the liquid flow, and when the liquid
column is thick, that is, has a large diameter, the dispersing effect on the liquid in the centre of the liquid column is weak.
[0003] There are many different types of spraying nozzles for spraying different fluids in paper or paperboard making
processes. US 7820011 discloses a moistening nozzle for spraying water as mist to moisten a paper web. The moistening
nozzle comprises a frame to which air and water are fed, a water nozzle which is arranged inside the frame and wherewith
water is conducted to an outlet of the moistening nozzle and an air nozzle wherewith air is conducted to an outlet of the
moistening nozzle. The air nozzle has an internal thread which brings the air into swirling motion, the internal threads
being formed on the inner surface of the air nozzle. The air nozzle and the water nozzle are arranged one within the
other to allow the air and the water to produce water mist that is sprayed out from the moistening nozzle. US 6969012
relates to an atomizer comprising a housing having three inlets, three channels each including a nozzle in communication
respectively with said inlets. The said three inlets comprise a fluid-receiving first inlet, a fluid-receiving second inlet, a
liquid-receiving third inlet, one of the said channels being an inner channel. The said inner channel is associated with
the said third inlet and is uniform in diameter. Of the said nozzles, the one associated with the said inner channel extends
outwardly of the said housing beyond the other two of the said nozzles. An angular swirling member is coaxially disposed
in the said housing with respect to the said second nozzle.

[0004] A problem with prior art nozzles is that the swirling motion is achieved by using internal threads in a chamber
into which the dispersing fluid is fed axially. These solutions have been useful as such, but there is still a need for more
efficient dispersing of the fluid to be sprayed.

[0005] The aim of the present invention is to provide an improved dispersing nozzle which is particularly suitable for
highly viscous fluids, such as fibrous fluids or adhesives with a high solids content or high viscosity, or starch. To achieve
this aim, the dispersing nozzle according to the invention, which comprises a first flow channel for the fluid to be dispersed
and a second flow channel for the dispersing fluid, the second flow channel surrounding the first flow channel, wherein
the fluid to be dispersed exiting from the first flow channel is arranged to travel essentially rectilinearly and the dispersing
fluid exiting from the second flow channel is arranged to travel in a swirling motion around the fluid to be dispersed and
to come into contact with the fluid to be dispersed for dispersing it into droplets, is characterized in that in the first flow
channel is arranged, in its central area, a displacement part making the first flow channel to surround the displacement
part, whereby the fluid to be dispersed is discharged from the nozzle in the shape of a hollow body. The displacement
part is preferably cylindrical rendering the first flow channel annular, whereby the fluid to be dispersed is discharged
from the nozzle in the shape of a hollow cylinder or cone, the cone being either convergent or expanding. It is conceivable
that the displacement part has other forms than cylindrical, e.g. oval or polygonal making the first flow channel in the
form of a non-annular ring.

[0006] The diameter of the first flow channel is preferably increased with respect to the earlier one in such a way that
the cross-sectional area of the flow of the fluid to be dispersed remains the same as the cross-sectional area of the flow
of the fluid discharging from the channel without a displacement part.

[0007] The above-mentioned displacement part and the increase in the outer diameter of the liquid channel both have
an effect on the efficiency of droplet formation. The increase in the outer diameter increases the "droplet forming area",
that is, the contact area in which the dispersing gas forms the fluid to be dispersed into droplets. On the other hand, the
thickness of the fluid layer to be dispersed is smaller compared to the channel in which there is no displacement part,
that is, no such liquid remains in the centre of the liquid column which does not disperse properly into droplets. These
factors enhance the formation of the liquid into droplets.

[0008] The invention is described in greater detail in the following, with reference to the accompanying drawings, in
which:

Figure 1  is a cross-sectional view of a prior art moistening nozzle,
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Figure 2  shows one embodiment of the nozzle according to the invention as a diagrammatic cross-sectional view of
the nozzle head area,

Figure 3  shows another embodiment of the nozzle according to the invention as a diagrammatic cross-sectional view
of the nozzle head area,

Figure 4  shows a further embodiment of the nozzle according to the invention as a diagrammatic cross-sectional view
of the nozzle head area, and

Figure 5 shows yet another embodiment of the nozzle according to the invention as a diagrammatic cross-sectional
view of the nozzle head area.

[0009] Figure 1 shows a prior art moistening nozzle as disclosed in US 7820011. The nozzle has a frame 1 and a
water nozzle 2 connected to the inside of the frame 1 with a threaded joint 17. Inside the frame 1 is also arranged an
air nozzle 3 such that the water nozzle 2 and the air nozzle 3 are concentric. The air nozzle 3 is secured to the frame 1
with a securing nut 4 which is connected to the exterior of the frame 1 with a threaded joint 18. The water nozzle 2
includes a water connector 5 to which water is fed through a pipe or a hose or the like. From the water connector 5, the
water flows out of the water nozzle through a water duct 6. In the frame 1 is also arranged an air connector 7 to which
a pipe or a hose or the like is connected for feeding air to the moistening nozzle. Water is fed into the moistening nozzle,
i.e., into the middle of the moistening nozzle, from the rear part thereof, and air is fed into the moistening nozzle from
the side of the moistening nozzle. Air is conducted from the air connector 7 to an air chamber 8 arranged around a shaft
14 of the water nozzle. From the air chamber 8, the air flows axially towards the air nozzle 3 through apertures 9 in the
frame 1. The air nozzle 3 comprises an internal thread 10 which is provided on the inner surface of the air nozzle 3 and
by means of which the air is brought into swirling motion. The air in swirling motion thus flows through an air gap 19 in
the moistening nozzle to surround the water supplied from the water nozzle 2, whereby the mixture of water and air
forms water mist. Due to the swirling motion, the water mist forms an even cone-shaped spray. The air nozzle 3 is
arranged inside the frame 1 in such a way that the air nozzle is positioned in place against a control surface 11 of the
airnozzle inside the frame 1. The control surface 11 of the air nozzle is located around the central axis in the circumferential
direction. The water nozzle 2, in turn, is positioned in place against a first control surface 12 of the water nozzle provided
on the inner surface of the frame 1. On the shaft 14 of the water nozzle 2 may be provided a collar 13 by which the water
nozzle 2 is supported against the first control surface 12 of the water nozzle. The first control surface 12 of the water
nozzle is also parallel to the circumference around the axis of the moistening nozzle. Due to this structure, the control
surface 11 of the air nozzle and the first control surface 12 of the water nozzle can be provided with one attachment of
a machining piece on the frame 1, whereby they can be made concentric with close tolerance and the air nozzle 3 and
the water nozzle 2 can be mutually centered with very good accuracy. In the frame 1 of the moistening nozzle are
provided second and third control surfaces 15, 16 of the water nozzle to fit the water nozzle accurately into place.
[0010] Inthe embodimentaccording to Figure 2, the nozzle comprises a first flow channel 1 for the fluid to be dispersed
and surrounding it a second flow channel 2 for the dispersing fluid, e.g. air or other gas. The flow channel 2 is designed
into aring channel tapering towards the mouth, to which channel the dispersing fluid is supplied tangentially, thus bringing
it into swirling motion. The swirling motion of the dispersing fluid can also be achieved in a different manner, for example,
by mounting a separate spiral part in the second flow channel. The second flow channel does not have to be a tapering
one, that is, conical, but it may be, for example, cylindrical. In the first flow channel 1 is mounted a closed cylindrical
displacement part 3, by means of which the liquid to be dispersed discharges from the end of the flow channel as an
annular flow, in the centre of which is a hollow space. The displacement part 3 can extend slightly outwards from the
flow channel 1, e.g. by a few millimeters, as can be seen in Figs. 3 and 4.

[0011] The embodiment of Figure 3 differs from the embodiment of Figure 2 only in that the end 4 of the displacement
part 3 is formed into the shape of a tulip. In this case, the dispersing gas collides with the fluid to be dispersed at a
relatively gently sloping angle.

[0012] In the embodiment of Figure 4, the end 4 of the displacement part 3 is designed to widen outwards in such a
way that the fluid to be dispersed turns outwards, the dispersing fluid being arranged to collide with the fluid to be
dispersed essentially in the outwards widening area of the displacement part. In this case, the angle of incidence between
the dispersing fluid and the fluid to be dispersed is almost perpendicular.

[0013] In the embodiment of Figure 5, the dispersing capacity has been further increased by forming a third flow
channel 5 in the displacement part, through which dispersing gas is fed into the hollow interior of the fluid to be dispersed.
[0014] In the following is described an example of the dimensioning of the displacement part.

[0015] The diameter of the liquid channel without the displacement part is 5 mm, its cross-sectional are then being
19.6 mm2 and dispersing thickness 2.5 (half of the diameter). The droplet-forming area is the length of the circumference
of the liquid column, that is, 15.7 mm. When using a displacement part, the corresponding nozzle is made by increasing
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the diameter of the liquid channel by less than a millimeter, that is, its outer diameter is 5.83 mm. In the centre is placed
a displacement part with a diameter of 3mm. In this way, the cross-sectional area of the flow of the fluid remains the
same as in the above case, that is, 19.6 mmZ2. The rate of flow of the liquid does not increase, but the dispersing thickness
is now only 1.415 mm (decreasing almost to a half) and the droplet-forming area, that is, the length of the periphery is
18.3 mm (increasing by 17%). In tests carried out with the nozzles according to the invention were obtained the flow
results shown in Table 1.

[0016] In Table 1is shown with two different dispersing air feed pressures (0.5 and 1.0 bar) the maximum rate of liquid
flow which can be sprayed from the nozzle in such a way that the liquid to be dispersed still disperses efficiently into
droplets. If the rate of liquid flow is increased from the maximum rate of flow given in the table, all of the liquid will no
longer disperse as efficiently, but some of it will continue to travel as large drops/as a continuous liquid jet.

[0017] The results shown in the table apply to a particular fluid used in this test and the absolute maximum flow values
change when the properties of the fluid are changed. However, the table shows the advantage broughtby the displacement
part to the spraying capacity of the nozzle.

[0018] The tested fibrous fluid had a dry matter content of about 4.5 % with the following composition:

TMP pulp
fractionated fine matter 60 %

filler material 40 %

Filler material

[0019] Ansilex 93 (Calsinated clay pigment) 50 %
[0020] Hydrocarbon 90 (Calsium carbonate pigment) 50 %
[0021] The measured Brookfield 100 viscosity of the fibrous fluid was 520 mPas at a temperature of 12 °C.

Table 1

Nozzle without displacement part | Nozzle with displacement part

Dispersing air pressure bar | Maximum flow from nozzle I/min Maximum flow from nozzle I/min
0.5 0.36 0.42
1.0 0.58 0.83

[0022] The displacement part can also be used as a dispersing gas inlet channel by forming a third flow channel in
its centre. The dispersing gas is led to the outer surface of the liquid column as before, but dispersing gas is in addition
led inside the liquid through the displacement part.

[0023] Both the displacement part by itself, and especially if additional dispersing gas is led through it, increase the
dispersing capacity of the nozzle significantly. By means of one nozzle, larger amounts of liquid than presently can be
applied and efficiently formed into droplets. Liquids which are difficult to disperse (nanocellulose, fibrous suspensions,
etc.) are better to apply with an efficiently dispersing nozzle. The arrangement according to the invention saves energy,
because the velocity of the dispersing gas, and thereby the feed pressure, do not have to be as high as in current nozzles.

Claims

1. A spray nozzle for supplying fluid intended for the manufacture and/or processing of a fibrous web in a paper or
board machine in droplets into and/or onto the fibrous web, the nozzle comprising a first flow channel (1) for the
fluid to be dispersed and a second flow channel (2) for the dispersing fluid, the second flow channel (2) surrounding
the first flow channel (1), wherein the fluid to be dispersed exiting from the first flow channel (1) is arranged to travel
essentially rectilinearly and the dispersing fluid exiting from the second flow channel (2) is arranged to travel in a
swirling motion around the fluid to be dispersed and to come into contact with the fluid to be dispersed for dispersing
it into droplets, characterized in that in the first flow channel is arranged, in its central area, a displacement part
making the first flow channel (1) to surround the displacement part, whereby the fluid to be dispersed is discharged
from the nozzle in the shape of a hollow body.

2. Anozzle as claimed in claim 1, characterized in that the first channel is annular and the hollow body of the fluid
discharged from the nozzle is in the form of hollow cylinder or cone, the cone being convergent or expanding.
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A nozzle as claimed in claim 1 or 2, characterized in that the end (4) of the displacement part (3) is designed to
widen outwards in such a way that the fluid to be dispersed turns outwards, the dispersing fluid being arranged to

collide with the fluid to be dispersed essentially in the outwards widening area of the displacement part (3).

A nozzle as claimed in any of claims 1 to 3, characterized in that in the centre of the displacement part (3) is formed
a third flow channel (5) for feeding additional dispersing fluid into the hollow interior of the fluid flow to be dispersed.

The use of a nozzle as claimed in any of the claims 1 to 4 for dispersing highly viscous fluid.

The use of claim 5 for dispersing fibrous fluid.
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Fig. 1 (Prior art)
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