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(54) Snow production cannon

(57) Toincrease the efficiency of the cannon (1) (ie
to increase the artificial snow quantity produced for the
same energy expended), upstream of each atomization

nozzle (15) there is provided a chamber (5) in which the
liquid is pre-mixed with the gas. The gas is injected into
the chamber (5) by at least one injection nozzle (3), (Fig-
ure 1).
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Description

This invention relates to a snow production cannon.

EP-A-0 250 425, EP-A-0 084 186 and EP-A-0 084
187 describe snow production cannons in accordance
with the introduction to claim 1. In this sector, technical
progress is continually aimed at increasing the efficien-
cy of said devices, ie increasing the snow quantity pro-
duced for equal energy used.

The main object of the present invention is therefore
to provide a snow production cannon of optimum effi-
ciency. In other words the main object of the invention
is to indicate a method for snow production which in-
creases the efficiency of the atomization stage.

This object is attained by a snow production cannon
in accordance with the first claim, and by a method for
snow production in accordance with claim 32, to which
reference should be made for brevity.

Briefly, air is injected by at least one injection nozzle
into the pre-mixing chamber (or into the pre-hole of the
further nozzle), from which it can leave only through the
respective further nozzle (this being the atomization
nozzle) to atomize the liquid therein in an optimum man-
ner.

A further object of the invention is to obtain artificial
snow of good quality.

A further object of the invention is to provide a can-
non of simple and economical structure, ie a structure
composed of a relatively small number of elements
which are joined together in a manner which enables
them to be easily assembled and disassembled.

The further objects of the invention are attained by
a snow production cannon in accordance with the de-
pendent claims, to which reference should be made for
brevity.

A possible embodiment of the invention is de-
scribed hereinafter by way of non-limiting example. This
embodiment is illustrated in the accompanying figures.

Figure 1 is a longitudinal section through a snow
production cannon according to the invention.

Figure 2 is a cross-section on the line II-1l of Figure
1.

Figure 3 is a cross-section on the line llI-11l of Figure

Figure 4 is a longitudinal section through an injec-
tion nozzle.

Figure 5 is a longitudinal section through an atom-
ization nozzle.

Figures 6-17 are cross-sections showing the exit
ports of injection and/or atomization nozzles construct-
ed in accordance with further embodiments.

It should be noted that the longitudinal direction is
that parallel to the direction of fluid flow through the can-
non during operation, whereas the transverse direction
is that perpendicular to the direction of fluid flow through
the cannon during operation.

With reference to said figures, and in particular to
Figures 1-5, the cannon of the particular embodiment
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used to describe the invention, indicated overall by 1, is
of the type comprising a plurality of nozzles positioned
along concentric circles. The cannon 1 comprises es-
sentially the following elements, listed in the order of flu-
id flow through the elements: a first element 2 distribut-
ing gas to injection nozzles 3, a second element 4 dis-
tributing liquid to a pre-mixing chamber 5, a third ele-
ment 6 for injecting gas and a fourth element 7 in which
the fluid and gas are mixed to form aerosol, with propel-
ling of said aerosol out of the cannon 1.

The first element 2 ccmprises an annular chamber
8 which can be hydraulically connected to a pressurized
gas feed pipe and is hydraulically connected to the inlet
of the injection nozzles 3.

The first element 2 can also be connected to the
pressurized liquid feed pipe 10. The second element 4
is of cone shape, the vertex of which is positioned on
the axis 11 of the pressurized liquid feed pipe 10, its
base perimeter being tangential to the mouth of the pre-
mixing chambers 5. The axis 11 coincides with the axis
ofthe cannon 1. The third element 6 houses the injection
nozzles 3 and comprises a conical hole (not clearly vis-
ible) loosely housing the second element 4 such that be-
tween the outer surface 12 of the second element 4 and
the inner surface 13 of the conical hole there is a pas-
sageway 14 for liquid feed to the pre-mixing chambers
5. The fourth element 7 comprises the pre-mixing cham-
bers 5 and a plurality of atomization nozzles 15, for
which each pre-mixing chamber represents the pre-
hole. The pipes 9 and 10 are connected to the first ele-
ment 2 by respective threads 16 and 17. The first ele-
ment 2, the second 4, the third 6 and the fourth 7 are
joined together by screws 18 all of which can be ma-
noeuvred from the front of the cannon so as to facilitate
assembly and disassembly. Annular gaskets 19-21 pro-
vide the necessary hydraulic seal between the elements
mechanically connected together.

With particular reference to Figure 4, each injection
nozzle 3 comprises, aligned along the axis of symmetry
22 and listed in the order in which the gas flows through
them, a pre-hole 23 and a sized capillary hole 24. The
pre-hole 23 comprises three portions 25-27. The first
portion 25 is in the form of a cone frustrum converging
into the second portion 26. The second portion 26 is cy-
lindrical and has a diameter equal to the minor base of
the first portion 25. The third portion 27 is in the form of
a cone frustrum converging into the sized capillary hole
24 in which the minor base has a diameter greater than
the dimensions of said sized capillary hole 24. Each at-
omization nozzle 15 comprises, aligned along the axis
of symmetry 28 and listed in the order in which the fluid
flows through them, a pre-hole 5 and a sized capillary
hole 29. The pre-hole of the atomization nozzle is the
pre-mixing chamber 5, in the shape of a cone frustum
converging into the sized capillary hole 29.

To facilitate distribution of the snow produced, the
axes of symmetry 28 of each atomization nozzle 15 cut
the axis 11 of the cannon 1. In the illustrated example,
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the angle of incidence a is about 7°.

inthe example, the ports of the sized capillary holes
29 and 24 of the atomization nozzles 15 and injection
nozzles 3 have ports of equal shape, however said ports
could be of different shape, and/or of variously assorted
forms.

In the particular case shown in Figures 1-5, the
ports of the sized capillary holes 29 and 24 of the atom-
ization nozzles 15 and injection nozzles 3 are of circular
shape.

Some of the possible geometrical forms of the ports
of the sized capillary holes 24 and 29 of the nozzles 3
and 15 are shown in Figures 6-17.

In a first example the ports of the sized capillary
holes 24, 29 of the nozzles have the following geomet-
rical plan shape: at least two lobes oppositely positioned
about the central projection axis of the nozzle. In a sec-
ond example the ports of the sized capillary holes 24,
29 of the nozzles have the following geometrical plan
shape: two lobes oppositely positioned about the central
projection axis of the nozzle and having right-angled
ends. In a third example the ports of the sized capillary
holes of the nozzles have the following geometrical plan
shape: two lobes oppositely positioned about the central
projection axis of the nozzle and having rounded ends.
In a fourth example the ports of the sized capillary holes
24, 29 of the nozzles have the following geometrical plan
shape: three lobes positioned 120° apart about the cen-
tral projection axis of the nozzle and having right-angled
ends. In a fifth example the ports of the sized capillary
holes 24, 29 of the nozzles have the following geomet-
rical plan shape: three lobes positioned 120° apart
about the central projection axis of the nozzle and hav-
ing rounded ends. In a sixth example the ports of the
sized capillary holes 24, 29 of the nozzles have the fol-
lowing geometrical plan shape: three lobes positioned
120° apart about the central projection axis of the nozzle
and having rounded ends, with the width of the lobes
decreasing from the central axis towards the outside. In
a seventh example the ports of the sized capillary holes
24, 29 of the nozzles have the following geometrical plan
shape: three lobes positioned 120° apart about the cen-
tral projection axis of the nozzle and having right-angled
ends in which two lobes have equal length, which is less
than the remaining lobe. In an eighth example the ports
of the sized capillary holes 24, 29 of the nozzles have
the following geometrical plan shape: four lobes oppo-
sitely positioned about the central projection axis of the
nozzle, ie cross-shaped and having right-angled ends.
In a ninth example the ports of the sized capillary holes
24, 29 of the nozzles have the following geometrical plan
shape: four lobes oppositely positioned about the cen-
tral projection axis of the nozzle, and having rounded
ends. In a tenth example the ports of the sized capillary
holes 24, 29 of the nozzles have the following geomet-
rical plan shape: five lobes oppositely positioned about
tne central projection axis of the nozzle, and having
right-angled ends. In an eleventh example the ports of
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the sized capillary holes 24, 29 of the nozzles have the
following geometrical plan shape: five lobes oppositely
positioned about the central projection axis of the noz-
zle, and having rounded ends.

In a twelfth example the ports of the sized capillary
holes 24, 29 of the nozzles have the following geomet-
rical plan shape: six lobes oppositely positioned about
the central projection axis of the nozzle, and having
right-angled ends.

In a thirteenth example the ports of the sized capil-
lary holes 24, 29 of the nozzles have the following geo-
metrical plan shape: six lobes oppositely positioned
about the central projection axis of the nozzle, and hav-
ing rounded ends. In a fourteenth example the ports of
the sized capillary holes 24, 29 of the nozzles have the
following geometrical plan shape: eight lobes oppositely
positioned about the central projection axis of the noz-
Zle, and having right-angled ends. In a fifteenth example
the ports of the sized capillary holes 24, 29 of the noz-
zles have the following geometrical plan shape: eight
lobes oppositely positioned about the central projection
axis of the nozzle, and having rounded ends. In a six-
teenth example the ports of the sized capillary holes 24,
29 of the nozzles have the following geometrical plan
shape: triangular. In a seventeenth example the ports of
the sized capillary holes 24, 29 of the nozzles have the
following geometrical plan shape: triangular with round-
ed vertices.

In an eighteenth example the ports of the sized cap-
illary holes 24, 29 of the nozzles have the following ge-
ometrical plan shape: at least two lobes oppositely po-
sitioned about the central projection axis of the nozzle,
and along which pairs of circular holes are provided in
symmetrical positions.

The use of capillaries with the aforestated geomet-
rical forms enables artificial snow crystals of different
shapes to be formed.

The opportune choice of the ports and/or combina-
tions of different ports even on the same cannon ele-
ment enables artificial snow to be produced with differ-
ent characteristics, so as to be the most suitable possi-
ble for the skiing use for which it is usually produced.

During operation, the cannon 1 essentially imple-
ments a method for artificial snow production compris-
ing a first stage of gas injection into the liquid while this
is upstream of the atomization nozzle 15. The injection
stage is accomplished by passing the liquid through the
injection nozzle 3 which opens into a pre-injection cham-
ber 5 positioned upstream of the atomization nozzle 15.
There is then a second stage in which the liquid is at-
omized into the atmosphere by the previously injected
pressurized gas, to obtain said artificial snow when the
aerosol produced by the atomization nozzle 15 emerges
into the atmosphere.

For reasons of economy and ready availability and
in order not to result in ecological harm, the gas is air
and the liquid is water.

The use of other fluid mixtures thereof is however
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not excluded.

Claims

A snow production cannon (1) having a propelling
axis (11) and comprising at least one atomization
nozzle (15) provided with at least one capillary hole
(29), and means (9, 10) for conveying into said at-
omization nozzle (15) at least one liquid and at least
one pressurized gas which by means of said atom-
ization nozzle (15) are atomized and propelled out
of the cannon (1), characterised in that upstream of
said atomization nozzle (15) there is provided, for
pre-mixing the liquid with the gas, at least one
chamber (5) into which the gas is injected by at least
one injection nozzle (3) provided with a least one
capillary hole (24), said pre-mixing chamber (5) be-
ing a closed chamber in that the fluid can traverse
it only by passing through the sized capillary holes
(24, 29) of said nozzles (3, 15).

A cannon as claimed in claim 1, characterised in
that the injection nozzle (3) comprises, aligned
along the axis of symmetry (22) and listed in the or-
der in which the fluid flows through them, a pre-hole
(23) and a sized capillary hole (24), said pre-hole
(23) comprising three portions (25-27), in which:

- thefirst portion (25) is in the form of a cone frus-
tum converging into the second portion (26),

- the second portion (26) is cylindrical and has a
diameter equal to the minor base of the first por-
tion (25),

- the third portion (27) is in the form of a cone
frustrum converging into the sized capillary
hole (24) in which the minor base has a diam-
eter greater than the dimensions of said sized
capillary hole (24).

A cannon as claimed in claim 1, characterised in
that the atomization nozzle (15) comprises, aligned
along the axis of symmetry (28) and listed in the or-
der in which the fluid flows through them, a pre-hole
(5) and a sized capillary hole (29), in which said pre-
hole is the pre-mixing chamber (5), said pre-mixing
chamber (5) being in the shape of a cone frustum
converging into the sized capillary hole (29).

A cannon as claimed in claim 1, characterised by
comprising a plurality of atomizaticn nozzles (15)
and a plurality of injection nozzles (3) the respective
sized capillary holes (29,24) of which have ports of
equal form.

A cannon as claimed in claim 1, characterised by
comprising a plurality of atomization nozzles (15)
and a plurality of injection nozzles (3) the respective
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10.

11.

12.

13.

sized capillary holes (29, 24) of which have ports of
different form.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) are of circular plan
shape.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: at least two lobes opposite-
ly positioned about the central projection axes (22,
28) of the nozzles (3, 15).

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: two lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15) and having right-angled ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: two lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15) and having rounded ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: three lobes positioned
120° apart about the central projection axes (22, 28)
of the nozzles (3, 15) and having right-angled ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: three lobes positioned
120° apart about the central projection axes (22, 28)
of the nozzles (3, 15) and having rounded ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: three lobes positioned
120° apart about the central projection axes (22, 28)
ofthe nozzles (3, 15) and having rounded ends, with
the width of the lobes decreasing from the central
axes (22, 28) towards the outside.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: three lobes positioned
120° apart about the central projection axes (22, 28)
of the nozzles (3, 15) and having right-angled ends
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in which two lobes have equal length, which is less
than the remaining lobe.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: four lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15), ie cross-shaped and having
right-angled ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: four lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15), and having rounded ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: five lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15), and having right-angled ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: five lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15), and having rounded ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: six lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15), and having right-angled ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: six lobes oppositely posi-
tioned about the central projection axes (22, 28) of
the nozzles (3, 15), and having rounded ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: eight lobes oppositely po-
sitioned about the central projection axes (22, 28)
of the nozzles (3, 15), and having right-angled ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: eight lobes oppositely po-
sitioned about the central projection axes (22, 28)
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22,

23.

24.

25.

26.

27.

28.

29.

of the nozzles (3, 15), and having rounded ends.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: triangular.

A cannon as claimed in claim 1, characterised in
that the ports of the respective sized capillary holes
(24, 29) of the nozzles (3, 15) have the following
geometrical plan shape: triangular with rounded
vertices.

A cannon as claimed in claim 1, characterised by
comprising the following elements listed in the order
in which the fluids pass through them: a first ele-
ment (2) distributing gas to the injection nozzles (3),
a second element (4) distributing liquid to the pre-
mixing chambers (5), a third element (6) for injecting
gas and a fourth element (7) in which the fluid and
gas are mixed to form aerosol, with propelling there-
of out of the cannon (1).

A cannon as claimed in claim 24, characterised in
that the first element (2) distributing gas to the in-
jection nozzles (3) comprises an annular chamber
(8) which can be hydraulically connected to a pres-
surized gas feed pipe (9) and is hydraulically con-
nected to the inlet end of the injection nozzles (3),
said first element (2) alsc being connectable to the
pressurized fluid feed pipe (10).

A cannon as claimed in claim 24, characterised in
that the second element (4) is in the shape of a cone
the vertex of which is positioned on the axis (11) of
the pressurized liquid feed pipe (10), its base pe-
rimeter being tangential to the mouth of the pre-mix-
ing chambers (5).

A cannon as claimed in claim 24, characterised in
that the third element (6) houses the injection noz-
Zles (8) and comprises a conical hole loosely hous-
ing the second element (4) such that between the
outer surface (12) of the second element (4) and
the inner surface (13) of the conical hole there is
created a passageway (14)for liquid feed to the pre-
mixing chamber (5).

A cannon as claimed in claim 24, characterised in
that the fourth element (7) comprises the pre-mixing
chamber (5) and a plurality of atomization nozzles
(15).

A cannon as claimed in claim 24, characterised in
that the first element (2), the second (4), the third
(6) and the fourth (7) are joined together by screws
(18) all of which can be manoeuvred from the front
of the cannon (1).
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A cannon as claimed in claim 3, characterised in
that the axis of symmetry (28) of each atomization
nozzle (15) cuts the axis (11) of the cannon (1).

A cannon as claimed in claim 30, characterised in
that the angle a of incidence between the axis of
symmetry (28) of each atomization nozzle (15) and
the axis (11) of the cannon (1) is about 7°.

A method for producing artificial snow in which said
snow is obtained by a stage involving atomization
of a liquid into the atmosphere by a pressurized gas,
characterised in that said atomization stage is pre-
ceded by a stage in which the gas is injected into
the liquid while this is upstream of the atomization
nozzle (15).

A method as claimed in claim 32, characterised in
that the injection stage is implemented by passing
the liquid through an injection nozzle (3) which
opens into a pre-mixing chamber (5) positioned up-
stream of the atomization nozzle (15).

A method as claimed in claim 32, characterised in
that the gas is air and the liquid is water.
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