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(54) WATER SPRAY NOZZLE FOR A SNOW GUN

(57)  Water spray nozzle for a snow gun, of the type
comprising a distributor (13), housed between a wa-
ter-supply lower chamber (10a) and a water-distribution
upper chamber (10b) ending in an annular exit (12), said
distributor (13) having a cylindrical surface, at least part
of which (band I;-l,) seals against a corresponding cylin-
drical area of the wall of the upper chamber (10b), on
said cylindrical surface of the distributor a plurality of hel-
ical grooves (14) being formed, which grooves receive
the water coming from the lower chamber (10a) and lead
it into the upper chamber (10b) and towards the annular
exit (12) of the nozzle, simultaneously imparting to the
same a rotary motion. The ends of said helical grooves
(14) in connection with the lower chamber (10a) are
formed at axially different heights on the circumference
of the distributor (13) and said distributor (13) is axially
movable for connecting a different number of said helical
grooves (14) with the lower chamber (10a).
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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an apparatus
for the artificial snow production, the so-called "snow gun"
and, in particular, an improved nozzle for this apparatus.
As used herein, the term "snow gun" is meant to refer to
all those devices that are used to turn water into snow
while projecting it on the ski slopes, to obtain an artificial
snowfall in case of scarcity of natural atmospheric pre-
cipitation.

PRIOR STATE OF THE ART

[0002] It is known that the snow guns comprise a gun
body, i.e., an essentially tubular, cylindrical shaped struc-
ture, open at both its ends, inside which on one end a
motorized fan is arranged and, and on the other end a
main nozzle or more main nozzles are arranged annularly
for atomising water.

[0003] In snow guns of more recent construction "nu-
cleating devices" are also provided, i.e. secondary noz-
zles, arranged near or around the main nozzles, able to
spray a mixture of water and compressed air, so as to
give rise to the rapid formation of very small ice particles,
which have the function of nuclei to trigger the formation
of snowflakes using the water atomised into droplets of
larger size coming from the main nozzles.

[0004] Thanks to this structure, the current snow guns
are able to obtain a good artificial snowfall. However, this
is very dependent on both the physical features of the
slope to be covered with snow and, above all, the local
environmental conditions, namely humidity and temper-
ature. Under low temperature and humidity conditions,
in fact, the formation of snowflakes takes place easily
even with high water flow rates in the main nozzles, while
in higher humidity and temperature conditions, i.e. tem-
peratures near 0°C, the flow rate to the nozzles must be
maintained at the minimum levels so that there is a suf-
ficient contact time between water droplets, ice nuclei
and ambient air to cause a proper formation of the snow-
flakes.

[0005] Forthesereasons,the main nozzles of the snow
guns are currently built in different shapes and dimen-
sions, which depend on the snow-making power to be
obtained. Since the replacement of the nozzles is an op-
eration that requires a certain amount of time and the
environmental conditions at the snow gun plants vary
even with considerable speed, the snow guns are cur-
rently equipped with nozzles suitable to the average en-
vironmental conditions of a certain seasonal period, thus
accepting a sub-optimal operation of the snow gun when
the actual conditions significantly depart from those ex-
pected, and, therefore, the nozzle must be operated with
water flow rates which are different from that for which
the nozzle has been optimized. Alternatively, it is known
to equip a snow gun with a plurality of nozzles, possibly
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having different nominal flow rate, and then equip the
snow gun with a control system allowing the activation
of one or more of the present nozzles, to obtain a flow
rate suitable to the current environmental conditions. Of
course, this latter solution entails higher costs of con-
struction and installation of the snow gun.

[0006] To overcome, atleastin part, the problem of an
insufficient or sub-optimal atomisation when the main
nozzles are operated at flow rates which are different
from the planned one, it is also known to equip the snow
guns with fan groups, able to form an air flow at high
speed inside the snow gun, said air flow helping the fur-
ther fragmentation of the water jet coming out from the
main nozzles, thus allowing the snow formation even with
flow rate and environmental conditions which are not
compatible with each other. However, the use of air fans
for this purpose entails a high energy consumption and,
therefore, makes the use of snow guns uneconomical.

SUMMARY OF THE INVENTION

[0007] Object of the present invention is, therefore, to
provide an improved nozzle for snow guns which over-
comes the mentioned drawback and which allows, in par-
ticular, to change the flow rate features of the atomised
water jet while maintaining an optimal atomisationin eve-
ry flow rate condition, in a simple way and without requir-
inglaborious replacement operations of the main nozzles
or the progressive activation of more nozzles, depending
on the ski plant requirements and/or the actual environ-
mental conditions, so as to allow an efficiency improve-
ment of the snow gun and a consequent reduced need
for resorting to more expensive functionality with forced
ventilation of the gun.

[0008] This object is achieved by a nozzle for snow
guns having the features defined in claim 1. Other pre-
ferredfeatures of the invention are defined in the depend-
ent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Further features and advantages of the inven-
tion will anyhow be more evident from the following de-
tailed description of some preferred embodiments, given
by mere way of non-limiting example and illustrated in
the accompanying drawings, wherein:

Fig. 1is a very schematic longitudinal sectional view
of the general structure of a snow gun incorporating
an improved nozzle according to the invention;

Fig. 2 is a schematic perspective view of the gun of
Fig. 1;

Fig. 3 is a partial longitudinal sectional view of the
main nozzle of the snow gun according to the inven-
tion, in operating conditions;

Fig. 4 is a view identical to the upper portion of Fig.
3, but at a larger scale;

Fig. 5 is a view similar to that of Fig. 3, butin a com-
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plete shutdown condition of the main nozzle opera-
tion;

Fig. 6 is alongitudinal sectional view of an alternative
embodiment of the main nozzle of the snow gun ac-
cording to the invention; of which

Fig. 7 represents a schematic front view.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0010] As illustrated in the drawings, the snow gun ac-
cording to the invention comprises a main body 1, having
the shape of a cylindrical or preferably slightly conical
tube open at both ends, respectively the entry 1E and
the exit 1U ends.

[0011] Inside the body 1, near its entry mouth 1E, a
motor 2 which rotates the blades 3 of a fan is arranged:
this is apt to create an important ventilation air flow within
the body 1, directed from the entry mouth 1E towards the
exit mouth 1U.

[0012] Also inside the body 1, near the exit mouth 1U,
a main nozzle 4 is also arranged which is centred on the
longitudinal axis X-X of the body 1 and apt to form a water
jet, shown schematically by the cone profile G1 in Fig. 1.
The shape of the nozzle 4 and the supplied water pres-
sure are apt to form, in a manner known per se, a jet of
atomised water.

[0013] In correspondence of the edge of the exit mouth
1U of the body 1, nucleating devices 5 are evenly pro-
vided. When supplied with compressed air and water,
these nucleating devices are apt to release smaller jets
G2, having a conical shape, of minute water particles,
called nuclei, which freeze immediately in contact with
air and are suitable to form, in a way also known per se,
initiator elements of the atomised water transformation
of the main jet G1 into snowflakes.

[0014] According to the fundamental feature of the
present invention, said main nozzle 4 has the structure
represented schematically in Fig. 3 and, in greater detail,
in Fig. 4. Here, itcan be seen that this structure comprises
a fixed case 10, provided with an entry opening 11 of the
water under pressure and an exit opening 12 of the at-
omised water jet G1. The water entering through the
opening 11 distributes in a lower chamber 10a and in an
upper chamber 10b, between which a distributor 13 is
interposed.

[0015] This distributor 13 is in the form of a cylindrical
body, arranged axially movable within the case 10. The
size and shape of the distributor 13 is such that at least
part of its cylindrical surface is substantially abutted
against a corresponding cylindrical zone of the inner cir-
cular wall of the case 10, which delimits the bottom of
the upper distribution chamber 10b.

[0016] More precisely, said cylindrical surface of the
distributor 13 comprises an upper area, where a real wa-
terproofing is carried out, this area being comprised be-
tween the level |, and the level |, (Fig. 4) and a lower
area, comprised between the level | and the level |,
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which forms a water intake zone, as better explained be-
low.

[0017] In fact, on said outer cylindrical surface of the
distributor 13 a plurality of helical grooves 14 is formed,
which lead the water from said lower chamber 10a to-
wards the upper chamber 10b and then towards the exit
12 of the nozzle, while simultaneously imparting to the
water a strong rotary motion able to cause the formation
of a conical jet G1 having suitable shape and speed for
an efficient water atomisation.

[0018] More precisely, the lower ends of the helical
grooves are arranged in the lower area of the cylindrical
surface of the distributor 13, i.e. the aforementioned in-
take zone, and, thus, they form the water entry point; in
fact, said water intake zone freely faces the chamber 10a
and the water, as a result of its pressure, is forced to go
up along the helical grooves 14.

[0019] According to an important feature of the inven-
tion, the grooves 14 formed on the cylindrical wall of the
distributor 13 have helical profiles which are parallel and
identical, except with regard to the lower starting point
(with respect to the drawing of Fig. 4) of each groove. As
can be clearly seen from the drawing, while all the exits
of the grooves 14 at their upper end are aligned on a
single circumferential plane P, the entries of said
grooves, at their lower end, are sequentially staggered
in height, starting from a point P, which is located at the
previously mentioned level |y, then the point Pg5, and so
on up to the point P, this latter being at level 14, as it
appears from Fig. 4.

[0020] In other words, said lower ends of the grooves,
forming the entrance way of the water coming from the
lower chamber 10a and going into the upper chamber
10b, are staggered at progressively increasing height
with respect to the axial height of said cylindrical intake
zone of the distributor 13.

[0021] According to a further important feature of the
invention, said distributor is movable along its axis X-X,
to progressively hide said intake zone, or vice versa, in-
side said cylindrical zone that delimits, at the bottom, the
wall of the upper chamber 10b.

[0022] Thanks to this construction, it is therefore pos-
sible to obtain, in an extremely simple manner, through
a displacement of the distributor 13 along the axis direc-
tion X-X, a reduction of the number of grooves 14 actually
operating. The axial movement of the distributor 13 is
preferably obtained by means of an electric motor M of
small size of the stepper type, axially mounted behind
the nozzle and connected to the distributor 13 through a
screw/nut system. Thanks to this, the longitudinal posi-
tion of the distributor 13 inside the nozzle can be easily
adjusted, even remotely, by imposing the desired number
of rotations to the stepper motor M. Any other control
system, either manual or motorized, which allows obtain-
ing a controlled axial movement of the distributor 13 is
equally usable and, therefore, comprised within the
scope of protection of the present invention.

[0023] In the example shown in Fig. 4 it can be seen

en’
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that all the grooves 14 are operational, since also the
groove end indicated with reference P, i.e. the most
spaced from the level |y, is open towards the chamber
10a; therefore, all the grooves carry water. Starting from
this position of the distributor 13, a reduction of the water
flow rate is obtained by making the distributor 13 go up
in the direction of the arrow F, so as to bring one or more
of the lower ends of the grooves 14 in correspondence
of the cylindrical zone of the upper chamber 10a of the
distributor, where the sealing effect with the cylindrical
surface of the lower part of the distributor 13 free from
grooves 14, prevents the water to reach the lower ends
of said grooves.

[0024] According to a further important feature of the
present invention, the annular exit 12 of the water from
the upper mouth of the main nozzle 4 is formed between
the inner edge of this mouth and the upper end surface
of the distributor 13, which surface includes a terminal
conical zone 13a, arranged downstream of a cylindrical
zone 13b, which, therefore, makes up a connection with
the body of the distributor 13, to perform the nozzle func-
tion better described hereinafter.

[0025] Thanks to this arrangement it is in fact possible
- through the movement of the distributor 13 in the direc-
tion of the arrow F - to cause, at first, a gradual reduction
of the exit 12 width, as a result of the approach of the
conical-surface zone 13atowards the edge of the mouth,
and subsequently the complete closure of the exit 12
when the cylindrical-surface zone 13b is in contact with
the edge of the mouth.

[0026] This closed position is highlighted in Fig. 5,
where it can be seen that the surface of the cylindrical-
surface zone 13b is in contact with the edge of the mouth
and, at the same time, the grooved portion of the distrib-
utor 13 is almost entirely above the level |y, i.e., with the
lower ends of all the grooves 14, except the first P4,
which are in a sealing area, and thatis no longer in com-
munication with the lower chamber 10a of the water entry.
Thus, in this closed position, a minimum flow rate passes
in the only active groove 14 and leaks through the thin
annular clearance 12 which is formed between the cylin-
drical zone 13b and the inner edge of the nozzle mouth,
where, in fact, no sealing is provided to this purpose. Said
minimum flow rate is necessary to maintain the nozzle
in active condition, when the operation of the same - due
to any reason - must be done in a discontinuous manner.
[0027] Thanks to this construction it is possible to si-
multaneously achieve two effects, namely, on the one
hand, it is possible to optimally and gradually adjust the
flow rate of the water coming from the nozzle and, on the
other hand, to maintain a full flow within the grooves 14
also at low flow rates, since the reduction of the flow rate
caused by the width reduction of the exit 12 corresponds
to a progressive reduction of the number of grooves 14
in which water can enter. In this way, the rotation effect
impressed by the distributor 13 maintains its effective-
ness unaltered even at low flow rates; thus the formation
of the cone jet G1 and its proper atomisation are optimal
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in any condition of use. In summary, it is just the intrinsic
structure of the nozzle of the present invention - wherein
at a higher flow rate corresponds a higher number of
operating grooves 14 to properly supply the upper cham-
ber 10b - which allows an always optimal atomisation
effect of the water jet G1.

[0028] In Figures 6 and 7 itis illustrated a second em-
bodiment of the nozzle of the present invention, in which,
around the main nozzle 4, laterally to the annular exit 12,
it is further arranged a crown of minimum flow-rate small
nozzles 15. These nozzles are connected, through a thin
duct 16, to the lower chamber 10a of the water supply.
The nozzles 15 have the function of maintaining a well-
defined minimal flow rate of water, thus a minimum spray-
ing effect, when the main nozzle 4 is closed.

[0029] As already said above, in fact, it may be appro-
priate to maintain a minimum activity of the gun, on the
one hand, to allow the continuous formation of a finishing
layer of snow on the skiing surface and, on the other
hand, to maintain a water flow in the nozzle, suitable to
avoid the local ice formation, and, therefore, to maintain
the nozzle in the active condition for a possible succes-
sive period of full flow rate operability.

[0030] Fig. 7 illustrates an arrangement in which a plu-
rality of nozzles 15 is evenly provided around the main
nozzle 4; however, the number of these nozzles can be,
obviously, modified according to the user’s needs.
[0031] In this embodiment, the minimum flow rate is
precisely controlled by the number and the opening sec-
tion of the nozzles 15 and, therefore, it is no longer nec-
essary to maintain a minimum flow rate through the exit
12 of the main nozzle, as described above; to this pur-
pose in the cylindrical zone 13b a groove 17 for housing
an O-ring sealing is provided, which O-ring sealing allows
to obtain a sealingly closure of the main nozzle when
said O-ring sealing comes into contact with the exit edge
of the upper chamber 10a of the nozzle.

[0032] In a third embodiment of the nozzle of the
present invention (not shown), the conical-surface zone
(13a) has a higher conicity, i.e., a higher inclination of
the conical wall, in correspondence of the semicircum-
ference of the nozzle which faces upwards in operating
conditions. This arrangement causes an exit 12 having
agreaterwidth in the upper area of the jet G1 with respect
to the lower one. Moreover the width of the exit 12 is the
greater, the more the distributor 13 is positioned back-
wards and, therefore, the greater the water flow rate. This
modified conicity, therefore, causes a differentiated dis-
tribution of the flow rate of the water jet G1, whose upper
portion is more rich of water with respect to the lower
one. In certain operating conditions this arrangement
may be advantageous to increase the contact time of the
water particles with the nuclei and, thus, to facilitate a
better formation of snowflakes.

[0033] Itis easily understood that, thanks to the above
disclosed nozzle structure an improved nozzle for a snow
gun has been provided, the water flow rate of which can
easily be adapted to environmental conditions which can
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be also very different one from the other, so that it is no
longer necessary to provide different embodiments of the
snow gun, suitable to meet the different needs of the
user, as well as it is no longer necessary to provide a
snow gun with a plurality of nozzles to be progressively
activated, thus fully achieving the first object of the in-
vention.

[0034] In practice, it has been found that, through this
structure of the spray nozzle, it is possible to obtain a
much more precise and accurate control of the spray
cone G1. As a result, it becomes also possible to use a
single main nozzle mounted in axial position, while the
nucleating devices remain positioned on the exit edge of
the tubular body of the snow gun, as shown in Fig. 2.
Mixing between the two flows G1 and G2 is, therefore,
more efficient and the structure of the snow gun is con-
siderably simplified and, therefore, a lower cost thereof
can be achieved.

[0035] The possibility to adjust the nozzle flow rate in
a precise manner, while maintaining a high quality of the
cone jet G1, allows to quickly make the snow gun flexible
to changed environmental conditions, reducing - also au-
tomatically - the snow gun flow rate when the environ-
mental conditions are less favourable to snow formation
and increasing itin the opposite case. This allows a dras-
tic reduction of the time periods in which it is necessary
to operate the motor 2 and the fan 3, thus reaching also
the second object of the present invention.

[0036] It is understood, however, that the invention is
not to be considered as limited by the particular arrange-
ment illustrated above, which represents only an exem-
plary embodiment of the same, but different variants are
possible, all within the reach of a person skilled in the art,
without departing from the scope of the invention itself,
as defined by the following claims.

Claims

1. Water spray nozzle for a snow gun, of the type com-
prising a distributor (13), housed between a water-
supply lower chamber (10a) and a water-distribution
upper chamber (10b) ending in an annular exit (12),
said distributor (13) having a cylindrical surface, at
least part of which (band |4-1,) seals against a corre-
sponding cylindrical area of the wall of the upper
chamber (10b), on said cylindrical surface of the dis-
tributor a plurality of helical grooves (14) being
formed, which grooves receive the water coming
from the lower chamber (10a) and lead it into the
upper chamber (10b) and towards the annular exit
(12) of the nozzle, simultaneously imparting to the
same a rotary motion, characterised in that the
ends of said helical grooves (14) in connection with
the lower chamber (10a) are formed at axially differ-
ent heights on the circumference of the distributor
(13) and in that said distributor (13) is axially mov-
able for connecting a different number of said helical
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grooves (14) with the lower chamber (10a).

Water spray nozzle as in claim 1, characterised in
that said distributor (13) is provided, at the end there-
of facing the annular exit (12) of the nozzle, with a
conical-surface zone (13a) apt to cooperate with the
exit edge of the upper chamber (10b), for causing a
width change of said annular exit (12) upon changing
the axial position of said distributor (13).

Water spray nozzle as in claim 2, characterised in
that said distributor (13) is furthermore provided, at
the end thereof facing the annular exit (12) of the
nozzle, with a cylindrical-surface zone (13b) up-
stream of said conical-surface zone (13a), apt to co-
operate with the exit edge of the upper chamber
(10b), for causing a closed position of the nozzle.

Water spray nozzle as in claim 3, wherein in said
closed position of the nozzle a thin annular clearance
remains between said cylindrical-surface zone (13b)
and the exit edge of the upper chamber (10b) for
allowing the passage of a minimum water flow rate.

Water spray nozzle as in any one of the preceding
claims, wherein the axial movement of the distributor
(13), between the positions of minimum flow rate and
of maximum flow rate is controlled by an electric step
motor (M) coaxial with the distributor and connected
thereto through a screw/nut system.

Water spray nozzle as in any one of the preceding
claims, characterised in that it furthermore com-
prises, arranged crown-like around said annular exit
mouth (12), one or more minimum flow-rate nozzles
(15) connected to said lower chamber (10a) through
thin water supply ducts (16).

Water spray nozzle as in claim 4 and 6, furthermore
comprising a sealing housed in a groove (17) of said
cylindrical-surface zone (13b), for sealingly closing
the thin annular clearance between said cylindrical-
surface zone (13b) and the exit edge of the upper
chamber (10b).

Water spray nozzle as in any one of the preceding
claims, wherein said conical-surface zone (13a) has
a higher conicity in the nozzle semicircumference
which faces upwards in operating conditions.

Snow gun, of the type consisting of a cylindrical or
slightly conical tubular body (1), within which there
are arranged: afan (3) operating atan entry end (1E)
for generating a ventilation air flow, at least a water
spray nozzle (4) at the opposite exit end (1U), and
a plurality of nucleating devices (5) which surround
said water spray nozzle (4), characterised in that
said water spray nozzle (4) is according any one of
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the preceding claims.

Snow gun as in claim 9, wherein said nucleating de-
vices (5) are located on the exit edge of the gun tu-
bular body (1) and said water spray nozzle is in an
axial position.
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