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(57) Filling device for applying insulation in a cavity
wall of a building, wherein the filling device comprises:
- a mixing chamber for mixing insulation beads with ad-
hesive;
- a mouth having a mouth opening for, with the aid of
compressed air, dispensing a mixture of insulation beads
and adhesive in the cavity wall of the building;
- a transition part which connects the mixing chamber
with the mouth;
- a beads connector arranged for connecting a
beads-supply line for supplying insulation beads to the
mixing chamber;
- an adhesive connector arranged for connecting an ad-

hesive-supply line for supplying adhesive to the mixing
chamber;
- a compressed air connector provided opposite to the
mouth opening, and arranged for connecting a com-
pressed air-supply line for supplying compressed air to
the filling device in the direction of the mouth opening,
wherein a cross section of the mixing chamber and the
mouth, in a plane parallel to a mouth openings plane
defined by the mouth opening, is substantially round, and
wherein the transition part a solid of revolution is which
ends tapered from the mixing chamber to the mouth, and
wherein the transition part smoothly connects to the mix-
ing chamber
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Description

[0001] The present invention, according to a first as-
pect thereof, relates to a filling device for applying insu-
lation in a cavity of a building, wherein the insulation com-
prises a combination of insulation beads and adhesive.
[0002] The present invention is further related to a
method for applying insulation in a cavity wall of a build-
ing, using the new filling device.
[0003] Filling devices for applying insulation in a cavity
wall of a building are already known. Such filing devices
comprise a mixing chamber for mixing insulation beads
with adhesive, a mouth having a mouth opening for, with
the aid of compressed air, dispensing a mixture of insu-
lation beads and adhesive in the cavity of a wall, a beads
connector arranged for connecting a beads-supply line
for supplying insulation beads to the mixing chamber, an
adhesive connector arranged for connecting an adhe-
sive-supply line for supplying adhesive to the mixing
chamber and a compressed air connector arranged for
connecting a compressed air-supply line for supplying
compressed air to the filling device.
[0004] A drawback of the known filling devices is that
the speed, i.e. the filling speed, at which the insulation is
applied into the cavity is relatively low.
[0005] It is an objective of the present invention to pro-
vide a filling device with which the filling speed and/or
the efficiency of applying the insulation in the cavity at
different drilling diameters can be increased. This objec-
tive is achieved using the new filling device according to
the claims as appended.
[0006] The invention provides, in a first aspect thereof,
in a filling device for applying insulation in a cavity of a
building, wherein the filling device comprises:

- a mixing chamber for mixing insulation beads with
adhesive;

- a mouth having a mouth opening for, with the aid of
compressed air, dispensing a mixture of insulation
beads and adhesive in the cavity wall of the building;

- a transition part which connects the mixing chamber
with the mouth;

- a beads connector arranged for connecting a beads-
supply line for supplying insulation beads to the mix-
ing chamber;

- an adhesive connector arranged for connecting an
adhesive-supply line for supplying adhesive to the
mixing chamber;

- a compressed air connector provided opposite to the
mouth opening, and arranged for connecting a com-
pressed air-supply line for supplying compressed air
to the filling device in the direction of the mouth open-
ing;

wherein a cross section of the mixing chamber and the
mouth, in a plane parallel to a mouth openings plane
defined by the mouth opening, is substantially round, and
wherein the transition part a solid of revolution is which

ends tapered from the mixing chamber to the mouth, and
wherein the transition part smoothly connects to the mix-
ing chamber.
[0007] The new filling device according to the present
invention is based on the inventive insight that the
streamlining of the device, for example the airstream of
the compressed air and/or the streaming of the insulation
beads and/or the adhesive, through the device to the
cavity is to be improved to accomplish an increased filling
speed.
[0008] To improve the streamlining, it was the insight
of the inventor that the compressed air connector is to
be provided opposite to the mouth opening, such that the
supplied compressed air passes the filling device in rec-
tilinear. This means that the supplied air, so to speak,
streams in a straight line from entry into the filling device
up to the mouth opening. This reduces the resistance of
the air stream.
[0009] The streamlining is further improved because
the cross section of the mixing chamber and the mouth,
in a plane parallel to a mouth openings plane defined by
the mouth opening, is substantially round, and wherein
the transition part a solid of revolution is which ends ta-
pered from the mixing chamber to the mouth, and wherein
the transition part smoothly connects to the mixing cham-
ber.
[0010] In the mixing chamber, insulation beads are
mixed with the adhesive, and the mixed insulation beads
and adhesive are applied, via the mouth opening of the
mouth, into the cavity. To increase the streamlining of
the device even further, with respect to the streaming of
the mixed insulation beads and adhesive to the mouth
opening, the inventor has realised that this transition part
should end tapered from the mixing chamber to the
mouth. This means that there is no stepwise transition
present in the filling device, for example between the mix-
ing chamber and the mouth. Due to this, the mixed insu-
lation beads and the adhesive are able to flow smoothly
from the mixing chamber to the mouth opening. This re-
duces the resistance that the mixed insulation beads and
the adhesive encounter during transport between the
mixing chamber and the mouth.
[0011] The filling device is typically a device which can
be carried, for example a dosing device, and is thus also
to be carried by a person using one or two hands. A mouth
piece can further be attached to the mouth, wherein the
mouth piece is to be inserted into the cavity during the
applying of the insulation.
[0012] The insulation beads are, for example, formed
from polystryrene or another thermic isolating material,
such as expandable polystyrene comprises an expan-
sion means, for example pentane or foamed plastic parts.
[0013] Foamed plastic, such as for example expanded
polystyrene, EPS, is a known isolator and has the ad-
vantage of a relatively low density. Further, such foamed
plastic beads can be pumped in a simple manner. A well
known, very suitable plastic insulation beads is commer-
cially available under the name Neopixels®.
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[0014] During use of the filling device, the beads con-
nector is to be connected, via the beads supply line, to
a beads container, wherein the beads container compris-
es a plurality of insulation beads. Further, the adhesive
connector is to be connected, via the adhesive supply
line, to an adhesive container, wherein the adhesive con-
tainer comprises an amount of adhesive. The com-
pressed air connector is further to be connected, via the
compressed air supply line, to a compressor, wherein
the compressor is arranged to provide compressed air
having a certain pressure.
[0015] According to the present invention, the adhe-
sive supply line, the compressed air supply line and/or
the beads supply line can, for example, be a flexible hose
or a tube.
[0016] According to the present invention, the filling
device is suitable to fill the cavity of the wall with insulation
materials, ie.. insulation beads mixed with adhesive. The
filing device is, however, suitable for all kinds of hollow
spaces, i..e not necessarily limited to the cavity of a wall.
[0017] In an embodiment, the filling device further com-
prises a straight lined venture tube, connected to the
compressed air connector, wherein the venture tube ex-
tends to within the transition part or to within the mouth.
[0018] A venture is an, intentionally, provided narrow-
ing in a streaming channel for liquid or gas. As the passing
medium, i.e. the air, encounters an increased speed a
lowering of the pressure arises at that specific spot; the
venture-effect. The mixed insulation beads and adhesive
are sucked along, sucked with, from the mixing chamber
by the venture-effect.
[0019] In a further embodiment, the venture tube is re-
leasably connected to the compressed air connector.
[0020] The advantage hereof is that the venture tube
can be exchanged when its partly or fully congested. The
venture tube may be connected in a manner like screwed,
glued, or a like, to the compressed air connector.
[0021] In another embodiment, the beads connector is
arranged in such a way that the insulation beads are sup-
plied to the mixing chamber in an angle with respect to
a direction of the supplied compressed air, wherein the
angle is between 10° and 70° degrees, preferably be-
tween 50° and 70° degrees.
[0022] The beads connector is, for example, formed
by a round tube, that is cut off or sawn under a certain
angle. The round tube is thus not cut off or sawn in a
perpendicular manner. The round tube is, subsequently,
attached to the mixing chamber under the here above
reference angle, for example welded.
[0023] Because the insulation beads enter the mixing
chamber under an angle with respect to the direction of
the compressed air, these will be mixed more efficient
with the adhesive, and thus the mixed insulation beads
and adhesive are supplied to the mouth opening in a
more streamlined manner.
[0024] In a further embodiment, the adhesive connec-
tor is arranged in such a way that the adhesive is supplied
to the mixing chamber substantially perpendicular with

respect to a direction of the supplied compressed air.
[0025] In another embodiment, the filling device com-
prises the adhesive-supply line, and wherein the adhe-
sive-supply line comprises a closing valve for closing the
adhesive-supply line and a control valve for controlling
an amount of adhesive through the adhesive-supply line,
wherein the closing valve and the control valve are com-
prised in the adhesive-supply line in such a way that the
supplied adhesive through the adhesive-supply line first
passes the control valve and subsequently passes the
closing valve before it is supplied to the mixing chamber.
[0026] At the end of the filling cycle, whenever the cav-
ity is filled with the insulation, the attachment piece and/or
the mouth piece is blocked at least partly by the insulation
present in the wall. The ensured that the supplied com-
pressed air can not, or can not easily, be discharged via
the attachment piece and/or the mouth piece. Because
of this, the compressed air will, at least partly, also enter
the beads supply line. This has the undesired effect that
the mixture of beads and adhesive also enter the beads
supply line, such that a congestion and/or contamination
can occur in the beads supply line.
[0027] It was the insight of the inventor that it is desir-
able to limit the total amount of adhesive present in the
adhesive supply line, between the closing valve and the
mixture chamber, such that the effect described here
above is limited as much as possible. This total amount
of adhesive is reduced when the order of the closure
valve and the control valve in the adhesive supply line is
taken into account. The closure valve is to be provided
as closely as possible to the mixing chamber, such that,
when the closing valve is being closed, the amount of
adhesive in the adhesive supply line, between the closing
valve and the mixing chamber, is being minimalized.
[0028] In a detailed example, the diameter of the ad-
hesive supply line between the closing valve and the mix-
ing chamber is smaller than a diameter of the adhesive
supply line between the closing valve and the control
valve.
[0029] By narrowing the adhesive supply line between
the closing valve and the mixing chamber, the total
amount of adhesive that is stored in there between is
also reduced. This reduces the effect described here
above even further.
[0030] In a further embodiment, the filling device com-
prises the beads supply line, wherein the beads supply
line is arranged in a loop such that the supplied insulation
beads traverse the loop before they are supplied to the
mixing chamber.
[0031] The example here above has the advantage
that the streamlining of the insulation beads through the
mixing chamber in the direction of the mouth opening is
improved, as the insulation beads are provided to the
mixing chamber in the desired angle.
[0032] In another example, the invention provides in a
filling device, wherein:

- the filling device comprises an attachment piece
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and/or the mouth piece, mounted to the mouth,
wherein the attachment piece and/or the mouth
opening has an outer diameter between 13 - 19 mil-
limetre, preferably substantially 13.5mm or 15.5mm
or 17.5mm suitable for drilling diameter 14mm or
16mm or 18mm;

- a length of the loop is between 520mm - 680mm,
preferably between 550mm - 650mm, even more
preferably about 600mm;

- a venture tube is connected to the compressed air
connector, wherein the venture tube extends to with-
in the transition part of to in the mouth, and wherein
the venture tube has an inner diameter of between
3mm - 5mm, preferably between 3.5mm - 4.5mm,
even more preferably about 4mm;

- a length of the attachment piece and/or the mouth
piece and/or the mouth is between 60mm - 200m,
preferably between 100mm - 130mm, even more
preferably substantially 116mm;

- a length of the venture tube is between 120mm -
150mm, preferably between 130mm - 140mm, even
more preferably about 135mm.

[0033] It was the insight of the inventor that several
aspects of the filling device are of importance for increas-
ing the speed and density. These aspect concern the
length of the loop, the length and diameter of the venture
tube and the length of the attachment piece and/or the
mouth piece of the filling device.
[0034] Extensive research has shown that the aspects
described above provide a contribution to the increasing
speed and density of the applying of the insulation in the
cavity. The combination of the here above described
lengths and diameters seems, surprisingly, to work ex-
cellent. That is, using the here above described setting,
a filling device is provided with an increased filling speed,
and, at the same time, maintains the density of the ap-
plied insulation.
[0035] It was the insight of the inventor that it is not a
single aspect that contributes the most to the filling speed,
but it is in fact the combination of the above described
aspects that provide the desired effect, that is the in-
creased filling speed.
[0036] The filling speed is here measured in litres in-
sulation beads per second. This is thus related to the
total amount of volume of the mixture of insulation beads
and adhesive that is applied by the filling device per sec-
ond.
[0037] It seams that the ratio of the attachment piece
and/or the mouth piece with respect to the diameter of
the venture tube contributes substantially to the filling
device. It is not the case that, as a skilled person would
have expect, the diameter of the venture tube is to be as
large as possible. This comes at the expense of space
that is available for the beads to flow to the mouth open-
ing. Using drilling diameter of substantially 14mm, 16mm
and 188, it seems that the inner diameter of the venture
tube needs to be around 4 mm having a tolerance of

about 0,5mm. This provides a sufficient suction effect
with respect to the mixture of beads and adhesive, while
it leaves sufficient space in the mixing chamber such that
the mixture of beads and adhesive, without too much
resistance, can flow to the mouth opening.
[0038] According to the present invention, the drilling
diameter is the diameter of the hole that is drilled in the
wall to reach the cavity of the wall. The drilling diameter
is to be adjusted to the diameter of the attachment piece
or the diameter of the mouth opening of the filling device,
such that the attachment piece and/or the mouth piece,
without damaging the rocks, can be inserted through the
hole in the rocks such that it reaches the space in between
the walls.
[0039] The present invention is next explained with re-
spect to the appended figures, wherein only examples
of the embodiments of the filling device of the present
invention are shown. The figures or the description there-
of does not have a limiting impact on the scope of pro-
tection of the present invention. In the figures:

Fig. 1 shown a schematic view of a filling device,
including the adhesive supply line, the beads supply
line and the compressed air supply line according to
the present invention;
Fig. 2a shows a schematic side view of a filling device
according to the present invention.
Fig. 2b shows a schematic rear view of a filling device
according to the present invention; and
Fig. 3 shows a venture tube to be used in a filling
device according to the present invention.
Fig. 1a shows a schematic view of a filling device 1
having connected thereto an adhesive supply line 3,
a beads supply line 2 and a compressed air line 7.

[0040] The filling device 1 is suitable for applying insu-
lation in a cavity of a building. A cavity is a wall which
consist of two parallel parts, an outer- and an inner wall.
The open space between both walls is called the cavity.
The cavity prevents that moisture penetrates from the
outside to the inside, and also has an isolating function.
For additional heath isolation, insulation material can be
applied in the cavity.
[0041] The filling device is also suitable to provide other
spaces with insulation, but shall mainly be used for pro-
viding insulation in cavity walls of existing buildings.
[0042] A mixing chamber 8 is provided in the filling de-
vice 1, wherein the mixing chamber is arranged for mixing
the insulation beads, also called insulation granules, with
adhesive.
[0043] The mixture of insulation beads and adhesive
is dispensed, via a mouth 10 having a mouth opening
17, under the influence of compressed air, in the cavity
wall of the building. In the present example, there is an
attachment piece and/or the mouth piece 11 screwed on
the mouth, wherein the attachment piece and/or the
mouth piece 11 is arranged to penetrate to within the
cavity of the cavity wall. The attachment piece and/or the
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mouth piece 11 serves as an extension of the mouth.
The diameter of the attachment piece and/or the mouth
piece 11 is, generally, adjusted to the diameter of the
hole which is drilled in the wall to get to the cavity. Typical
drilling diameters are 18, 16 or 14 mm.
[0044] The filling device 1 further comprises a transi-
tion part 9 which connects the mixing chamber 8 with the
mouth 10. The transition part 9 is thus arranged to support
the streaming of the mixture of insulation beads with ad-
hesive, in the mixing chamber, in the direction of the
mouth 10.
[0045] The beads connector 15 is arranged for con-
necting a beads supply line 2 for supplying insulation
beads to the mixing chamber 8. As is shown in figure 1,
the beads supply line 2 is arranged as a loop, such that
the beads in the loop traverse an arc before they are
supplied to within the mixing chamber 8. The circumfer-
ential speed of the beads through the loop equals the
speed at which the beads enter the mixing chamber. This
has the advantage that the insulation beads already enter
the mixing chamber under a particular angle, wherein the
angle is chosen such that the resistance that the beads
encounter during streaming to the mouth is being mini-
malized.
[0046] The adhesive connector 16 is arranged for con-
necting an adhesive supply line 3 for supplying adhesive
to the mixing chamber 8. Within the adhesive supply line
3, a closing valve 5 and a control valve 4 are provided
for completely closing, or opening, the supply of the ad-
hesive, and for controlling the amount of supplied adhe-
sive, respectively.
[0047] The adhesive connector 16 is located perpen-
dicular to the mixing chamber, that is perpendicular to
the direction of the compressed air in the filling device 1.
[0048] As explained here above, the supplied adhesive
first passes the control valve 4 and then the control valve
5 before it reaches the mixing chamber 8. This has the
advantage that the adhesive present in the adhesive sup-
ply line 13, between the closing valve 5 and the mixing
chamber 8, is being decreased. At closing the adhesive
supply line 3, by the closing valve 5, a risk arises that the
adhesive present in the adhesive supply line 13, between
the closing valve 5 and the mixing chamber 8, is pressed
in the beads supply line 2. This has the adverse effect
that the beads supply line 2 is congested, or contaminat-
ed. By adjusting the order of the control valve 4 and the
closing valve 5 in the adhesive supply line 3, the amount
of adhesive between the adhesive supply line 3 and the
mixing chamber 8 is reduced, which has a positive impact
on the adverse effect described here above.
[0049] As is clearly shown in figure 1, the diameter of
the adhesive supply line 13, between the closing valve
5 and the mixing chamber 8, is smaller than the diameter
of the adhesive supply line 3 before the control valve 3.
Due to this, an even smaller amount of adhesive shall be
retained between the closing valve 5 and the mixing
chamber 8.
[0050] The filling device is further provided with a com-

pressed air connector 7 for connecting a compressed air
supply line for supplying compressed air to the filling de-
vice 1 in the direction of the mouth opening 17.
[0051] The underlying idea of the invention is that the
cross section of the mixing chamber 8 and the mouth 10,
in a plane parallel to a mouth opening plane determined
by the mouth opening 17, is substantially round (see fig-
ure 2b), and that the transition part 9 is a solid of revolution
which runs tapered from the mixing chamber 8 into the
mouth 10 and wherein the transition part connects to the
mixing chamber 8 in a strep free manner.
[0052] Figure 1 thus shows an example of a filling de-
vice according to the present invention, wherein:

- the filling device comprises an attachment piece
and/or the mouth piece, mounted to the mouth,
wherein the attachment piece and/or the mouth
opening has an outer diameter between 13 - 19 mil-
limetre, preferably substantially 13.5mm or 15.5mm
or 17.5mm suitable for drilling diameter 14mm or
16mm or 18mm;

- a length of the loop is between 520mm - 680mm,
preferably between 550mm - 650mm, even
more preferably about 600mm;

- a venture tube is connected to the compressed
air connector, wherein the venture tube extends
to within the transition part of to in the mouth,
and wherein the venture tube has an inner di-
ameter of between 3mm - 5mm, preferably be-
tween 3.5mm - 4.5mm, even more preferably
about 4mm;

- a length of the attachment piece and/or the
mouth piece and/or the mouth is between 60mm
- 200m, preferably between 100mm - 130mm,
even more preferably substantially 116mm;

- a length of the venture tube is between 120mm
- 150mm, preferably between 130mm - 140mm,
even more preferably about 135mm.

[0053] In this example, the adhesive supply line, the
beads supply line and the compressed air supply line are
omitted. The filling device 101 comprises an adhesive
connector 102, a beads connector 103 and a com-
pressed air connector 104. The beads connector 103 is
arranged in such a way that the insulation beads are sup-
plied to the mixing chamber 8 in an angle α with respect
to a direction of the compressed air, wherein the angle
is preferably between 10° and 70°, more preferably be-
tween 50° and 70° degrees. The angle is defined be-
tween the mixing chamber 105, at the circumference
thereof, and the beads connector 103.
[0054] The beads connector 103 is fixedly welded to
the mixing chamber 105, wherein the beads connector
103 is not cut off, or sawn, in a perpendicular manner,
but under a certain angle. This increases the effective
passage of the beads connector 103 with the mixing
chamber 105.
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[0055] In figure 2a it is clearly shown that the transition
part 106 runs tapered from the mixing chamber 105 to
the mouth 107. This is thus a continuous, gradual, tran-
sition, such that no step or the like occurs here.
[0056] The length of the transition part 106 is in the
present configuration between 30mm - 50mm, preferably
substantially 40mm.
[0057] In the present figure, the length of the mixing
chamber 105 is about 55mm - 75mm, preferably sub-
stantially 65mm.
[0058] The length of the mouth 106 is preferably about
20mm - 25mm, preferably substantially 23mm.
[0059] Figure 3 shows 201 a side view of a venture
tube 202 to be used in a filling device according to the
present invention. The venture tube 202 if here connect-
ed to a compressed air connector 203, wherein the ven-
ture tube 202, in use, extends to within the transition part
of to within the mouth. It is advantageous if the venture
tube 202 is releasably connected to the compressed air
connector 203, such that it can be replaced of cleaned.

Claims

1. Filling device for applying insulation in a cavity wall
of a building, wherein the filling device comprises:

- a mixing chamber for mixing insulation beads
with adhesive;
- a mouth having a mouth opening for, with the
aid of compressed air, dispensing a mixture of
insulation beads and adhesive in the cavity wall
of the building;
- a transition part which connects the mixing
chamber with the mouth;
- a beads connector arranged for connecting a
beads-supply line for supplying insulation beads
to the mixing chamber;
- an adhesive connector arranged for connect-
ing an adhesive-supply line for supplying adhe-
sive to the mixing chamber;
- a compressed air connector provided opposite
to the mouth opening, and arranged for connect-
ing a compressed air-supply line for supplying
compressed air to the filling device in the direc-
tion of the mouth opening;

wherein a cross section of the mixing chamber and
the mouth, in a plane parallel to a mouth openings
plane defined by the mouth opening, is substantially
round, and wherein the transition part a solid of rev-
olution is which ends tapered from the mixing cham-
ber to the mouth, and wherein the transition part
smoothly connects to the mixing chamber, and
wherein the filling device comprises the adhesive-
supply line, and wherein the adhesive-supply line
comprises a closing valve for closing the adhesive-
supply line and a control valve for controlling an

amount of adhesive through the adhesive-supply
line, wherein the closing valve and the control valve
are comprised in the adhesive-supply line in such a
way that the supplied adhesive through the adhe-
sive-supply line first passes the control valve and
subsequently passes the closing valve before it is
supplied to the mixing chamber.

2. Filling device according to claim 1, wherein a diam-
eter of the adhesive-supply line between the closing
valve and the mixing chamber is smaller than a di-
ameter of the adhesive-supply line between the clos-
ing valve and the control valve.

3. Filling device according to any of the previous claims,
wherein the filing device comprises the beads-sup-
ply line, wherein the beads-supply line is arranged
in a loop such that the supplied insulation beads
traverse the loop before they are supplied to the mix-
ing chamber.

4. Filling device according to claim 3, wherein:

- the filling device comprises an attachment
piece and/or the mouth piece, mounted to the
mouth, wherein the attachment piece and/or the
mouth opening has an outer diameter between
13 - 19 millimetre, preferably substantially
13.5mm or 15.5mm or 17.5mm suitable for drill-
ing diameter 14mm or 16mm or 18mm;
- a length of the loop is between 520mm -
680mm, preferably between 550mm - 650mm,
even more preferably about 600mm;
- a venture tube is connected to the compressed
air connector, wherein the venture tube extends
to within the transition part of to in the mouth,
and wherein the venture tube has an inner di-
ameter of between 3mm - 5mm, preferably be-
tween 3.5mm - 4.5mm, even more preferably
about 4mm;
- a length of the attachment piece and/or the
mouth piece and/or the mouth is between 60mm
- 200m, preferably between 100mm - 130mm,
even more preferably substantially 116mm;
- a length of the venture tube is between 120mm
- 150mm, preferably between 130mm - 140mm,
even more preferably about 135mm.

5. Filling device according to any of the previous claims,
further comprising:

- a venture tube connected to the compressed
air connector, wherein the venture tube extends
to within the transition part of to in the mouth.

6. Filling device according to claim 5, wherein the ven-
ture tube is releasably connected to the compressed
air connector.
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7. Filling device according to any of the previous claims,
wherein the beads connector is arranged in such a
way that the insulation beads are supplied to the mix-
ing chamber in an angle with respect to a direction
of the supplied compressed air, wherein the angle
is between 10° and 70° degrees, preferably between
50° and 70° degrees.

8. Filling device according to any of the previous claims,
wherein the adhesive connector is arranged in such
a way that the adhesive is supplied substantially per-
pendicular with respect to a direction of the supplied
compressed air to the mixing chamber.
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