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(54) A method and device for snow making

(57) A method and a device for the production of ar-
tificial snow are disclosed. The device is of the kind hav-
ing a spray assembly (4) which is positioned relatively
high above the ground and which comprises nozzles for
ejecting pressurized water and air. The spray assembly
is directed so that the flow is substantially horizontal. The
spray assembly comprises, on the one hand, a central
set of bulk water nozzles, providing a central, unitary bulk

water stream (B) diverging along the main direction (A)
and, on the other hand, a surrounding set of atomizing
nozzles ejecting a curtain (C) consisting of air mixed with
very small, atomized water drops, so called nuclei, which
surround the central bulk water stream. The nuclei freeze
into snow patrticles directly upon flowing out of the atom-
izing nozzles and merge thereupon with the bulk water
stream, so that the snow patrticles rapidly grow into larger
snow particles.
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Description

[0001] Theinvention relates to a device for the making
of artificial snow by bringing pressurized water and air to
flow from a spraying device. Various kinds of such de-
vices are previously known, e.g. in the form of so called
snow canons, where a strong fan provides a central,
strong air flow in which water jets are injected inwardly-
forwardly, or so called "sticks" having air and water chan-
nels communicating with a spray assembly located high
above the ground, wherein water flows out in a sprayed
beam while forming small snow particles, under the in-
fluence of adjacent air streams, said snow particles grow-
ing into larger snow particles before falling onto the
ground. The invention relates to a device of the latter
kind, comprising a spray assembly located relatively high
above the ground, e.g. 3-10 m.

Prior art

[0002] In previously known devices of this kind, one
normally uses spray heads having closely located noz-
zles for pressurized water and air, wherein an associated
air nozzle, disposed adjacent to each water nozzle, is
adapted to provide a sturdy air beam breaking the adja-
cent water beam flowing from the water nozzle so as to
atomize the water into small drops which thereby freeze
into ice or snow particles and grow into larger particles
while interacting with the flowing, atomized water. See
e.g. US-6,032,872, US-6,182,905 and US-6,547,157 (all
in the name of Dupre).

[0003] A problem with such devices is that a large
amount of pressurized air is required, thus consuming a
great deal of energy, in order to sufficiently atomize the
water sprays by means of the transverse water sprays,
so that a desired capacity is obtained. Thus, the snow
making becomes rather costly since the associated com-
pressors require a high power. Furthermore, it is difficult
to avoid that the artificially made snow has a high content
of water in each snow particle at temperatures close to
0°C and at high moisture content of the ambient air. In
this way, the snow becomes heavy and icy and is not
suitable for skiing or snow boarding.

Summary of the invention

[0004] An object of the present invention is to reduce
the required amount of energy when making snow by the
method indicated above and to improve the snow quality
by creating snow particles having a relatively low content
of water and ice.

[0005] This objectis achieved by a method and an ap-
paratus, respectively, the features of which are defined
in the appended claims. Thus, one uses a set of central
water nozzles which together form a central, unitary bulk
water stream which diverges along a main direction and
which is driven forwardly along said main direction pri-
marily by means of the water pressure, in combination
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with surrounding atomizing nozzles providing a plurality
of surrounding, essentially in parallel to said main direc-
tion oriented beams composed of air and a mixture of
very small, atomized water drops, forming so called nu-
clei, which form an external curtain which at least in a
region adjacent to the spray assembly encloses the cen-
tral bulk water stream, wherein these nuclei will freeze
into snow particles, immediately upon flowing out from
the atomizing nozzles, and thereupon join into the bulk
water stream. Then, they rapidly grow into larger snow
particles having a low content of water and ice.

[0006] According to the invention, the water is atom-
ized into very small drops and are mixed with air, in the
form of so called "nuclei", and not primarily by breaking
the water jets by means of air streams. The central bulk
water stream can hereby retain its flow energy to a large
degree and be thrown further away from the spray as-
sembly before it is transformed into snow particles by
interaction with the nuclei. By way of the flow velocity of
the bulk water stream, there is also created a static low
pressure, which will cause the enclosing curtain of nuclei
to be drawn inwardly towards the water in the bulk water
stream.

[0007] In this way, it has turned out that it is possible
to achieve the required capacity at a much lower energy
consumption (compressor power) and thereby at lower
cost.

[0008] The water jets should be formed as a planar
layer, preferably diverging from the centre of the nozzle
in order to achieve the best possible interaction with the
surrounding nuclei curtain. Preferably, a large number of
atomizing nozzles are provided in an outer ring, so that
a curtain is obtained which is substantially continuous in
the circumferential direction.

[0009] A very good operation is obtained if the nozzles
are oriented such that the planar water jets are mutually
parallel, preferably in different horizontal planes. Hereby,
a uniform snow distribution is obtained and the aggrega-
tion of snow bumps or heaps is avoided. Moreover, this
arrangement operates very well against the wind.
[0010] It has also turned out that the best possible op-
eration is obtained if the bulk water stream is directed
along a substantially horizontal main direction, which will
provide the longest possible dwell time in the air for the
growing snow particles before they reach the ground.
[0011] Further features and advantages will appear
from the detailed description below of a preferred em-
bodiment of a device according to the invention.

Brief description of the drawings

[0012]

Figures 1 and 1 a show, in schematic side views, a
device for the making of artificial snow in accordance
with the invention, wherein figure 1 a shows, in a
larger scale, a spray assembly forming part of the
device;
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Figure 2 shows, in a perspective view, a first embod-
iment of the spray assembly;

Figure 3 shows the spray assembly according to fig-
ure 2 in a front view;

Figure 4 shows, in a perspective view, a second em-
bodiment of the spray assembly;

Figure 5 shows the spray assembly according to fig-
ure 4 in a front view;

Figure 6 shows, in central longitudinal section, at a
larger scale, an atomizing nozzle forming part of the
spray assembly according to figure 3 or 4, and

Figure 7 shows, partially in a central longitudinal sec-
tion and at a larger scale, a water nozzle forming

part of the spray assembly according to figure 3 or 4.

Description of a preferred embodiment

[0013] Thedevice showninfigures1and lacomprises
a device 2, anchored to the ground 1 in a manner known
per se adjacentto a region to be covered by snow, having
amast 3, alternatively denoted "rod" or "stick", preferably
extending obliquely upwards and being provided at the
top with a spray assembly 4. The device 2 comprises
various apparatus, including a pressurized water con-
nection, which is coupled to a pump station for the supply
of water under a relatively high pressure, normally 15-35
bar, and an air compressor for the supply of pressurized
air at a lower pressure, normally about 5-7 bar, as well
as an electric control circuitry for the device. There are
separate conduits for pressurized water and air extend-
ing from the device 2 through the mast 3 up to the spray
assembly 4, which is provided with a plurality of neigh-
bouring nozzles for water and a mixture of pressurized
air and atomized water drops, respectively, as will be
explained further below. Infigure 1a, there is shown sche-
matically a central bulk water stream, which is directed
forwardly along a main direction A (in parallel to the axis
of the spray assembly), and an annularly surrounding
curtain consisting of said mixture of pressurized air and
very small water particles, so called sprouts or nuclei.
The central bulk water stream diverges somewhat in the
main direction A, but in an axial region R near the spray
assembly, the curtain C, consisting of the nuclei and driv-
en by the pressurized air, will enclose the central bulk
water stream B.

[0014] Inthe region R, the curtain C has the shape of
a cylindrical shell, which is substantially continuous cir-
cumferentially and which encloses the inner bulk water
stream B, which diverges somewhat in the main direction
A. Inthe curtain C there is a large amount of small nuclei,
which are created, in a manner known per se, by atom-
izing nozzles (figure 6), so that a cloud consisting of a
mixture of air particles and water particles will propagate
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in a direction in parallel to the main direction A. When
the nuclei leave the atomizing nozzles in the spray as-
sembly they expand momentarily and are cooled rapidly
to a very low temperature (of the order of -20°C), so that
they immediately chrystallize and form very small snow
particles. This will occur already in the region R, i.e. be-
fore they join into the central, inner bulk water stream.
When the substantially cylindrical curtain, containing
very small snow particles, merge with the diverging bulk
water stream, the small snow particles will interact with
the water jets in the bulk water stream, so that the snow
particles rapidly grow and form larger snow patrticles.
[0015] In order for this interaction to be effective, the
water jets should be planar and preferably diverge as a
fan.

[0016] Tests have shown that such a spray assembly,
disposed relatively high above the ground, normally at a
height of 3 to 10 m, will give a uniform distribution of snow
on the ground adjacent to the device 2. The artificial snow
will also have a high quality in that it is relatively light and
has a low water content, namely in the order of about
400 kg per cubic meter.

[0017] The spray assembly according to the invention
will now be described in detail with reference to the draw-
ing figures 2to 7.

[0018] The embodiment of the spray assembly shown
in figures 2 and 3 consists essentially of an aluminium
structure having a connection piece 5, comprising sep-
arate channels for water and pressurized air, a substan-
tially circular, disc-like body 6 having an outer ring of at-
omizing nozzles 7 and a central head 8 with a number
of water nozzles 9, 10 disposed in an annular arrange-
ment. The central head 8 has a smaller diameter than
the disc-like body 6. Inamanner not shown, the atomizing
nozzles 7 in the disc-like body 6 are connected to sepa-
rate pressurized air and pressurized water channels,
whereas the nozzles 9, 10 in the head 8 are connected
to water channels only. On the drawing there are also
shown a number of screws 11, by means of which the
head 8 is fastened onto the disc-like body 6. The latter
consists of number of different parts, which are mutually
secured and mounted onto the connection piece 5. The
spray assembly also includes four further water nozzles
12, disposed radially outwardly of the annularly arranged
atomizing nozzles 7.

[0019] Inthe shown embodiment, there are eight water
nozzles on the head 8, namely four nozzles disposed
annularly around the axis A on an annular, chamfered
portion of the head 8, so that they are directed obliquely
outwardly from the axis A at an angle of about 20-30°.
The remaining four water nozzles 10 are arranged on the
substantially cylindrical outer part of the head 8 and are
obliquely directed in such a way that they are forwardly
directed at an angle of about 60° relative to the axis A.
[0020] The atomizing nozzles 7 in the disc-like body 6
are uniformly distributed in a circular ring, radially outside
the head 8, and are all directed essentially in parallel to
the axis A. The atomising nozzles 7 are of a larger number
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that the water nozzles 9, 10, namely 16 in the shown
embodiment. See also the schematic view in fig. 3, seen
from the front on the axis A. In this view, the outer water
nozzles 12 are not drawn. In the embodiment according
to figures 2 and 3, the water nozzles 9, 10 are directed
in such a way with their elongated, slit-like orifices 91
(figure 7) that these slit-like orifices are oriented substan-
tially tangentially along the circumference relative to the
axis A. Hereby, the planar, diverging water jets from the
water nozzles 9 and 10 will likewise be oriented with their
planes oriented tangentially relative to imaginary circles
extending through each ring of water nozzles. The noz-
zles 9 will thus form an inner ring, whereas the nozzles
10form a second ring at a somewhat larger distance from
the axis A.

[0021] Sincethe nozzles 9 and 10 are obliquely orient-
ed in relation to the axis A, viz. with different angles (30°
and 60°, respectively), the central bulk water stream from
the water nozzles 9, 10 will diverge forwardly along the
axis A (see fig. 1), so that the surrounding, essentially
cylindrical curtain C with nuclei or small snow patrticles
will reach and, partially through suction, merge with the
bulk water stream somewhat outside the region R.
[0022] A second, modified embodiment of the spray
assembly is schematically shown in figures 4 and 5,
wherein the main difference is that the bulk water nozzles
9’ are disposed in one single, inner ring with the slit-like
outlet orifices being oriented in mutually parallel planes.
The planar water beams will flow in five mutually parallel
planes. Preferably, these planes are all horizontal, and
such an arrangement has turned out to be especially ad-
vantageous by providing a very uniform distribution of
the snow material on the ground, without any heaps in
the form of bumps or humps, and this embodiment will
operate very well even against the wind in that the mu-
tually parallel flow layers are kept together even far away
from the spray assembly.

[0023] As atomizing nozzles 7 one should preferably
use nozzles of the kind disclosed in the published inter-
national patent application WO 9701392. In the nozzle,
the pressurized air is led through a central, axial channel
71, whereas pressurized water is supplied via a cylindri-
cal chamber inside the outer cylindrical wall 73 of the
nozzle and via helical channels 74 into a whirl chamber
75 having a central, axial outlet orifice 76. From this or-
ifice, a mixture of air and very small water particles flows
outwardly as a diverging cone, so as to generate the
above-mentioned sprouts or nuclei. The latter will expand
substantially while flowing through the outlet orifice 76
and be transformed into very small snow particles, pro-
vided of course that the ambient temperature permits
this. However, it is possible to produce snow particles in
this way even if the ambient temperature is a few degrees
above 0°C. A is well-known to those skilled in the art the
humidity is also very important, and the drier the ambient
air, the higher can the air temperature be and still permit
the production of snow.

[0024] In fig. 7 there is shown a somewhat less com-
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plicated embodiment of the respective water nozzle 9,
9'. Here, only water is supplied under a relatively high
pressure, typically about 20-30 bar, and the water flows
out via an elongated, slit-like orifice 91, so that a fan-like,
diverging, planar water beam is formed.

[0025] In this context, it should be mentioned that the
atomizing nozzles, as shown in fig. 6, have been used
previously in connection with snow making, namely in so
called snow canons. Such snow canons operate quite
differently than the present device. A snow canon has a
strong fan which generates an air stream flowing through
a cylindrical tube having a funnel-like opening. In this
opening, there are a number of nozzle rings, which inject
water beams into the air stream. A nozzle ring located
closest to the opening are provided with the atomizing
nozzles according to fig. 6, and the flow conditions are
substantially different from those of the device according
to the present invention.

[0026] Inthe device according to the presentinvention
it has turned out that the diverging bulk water stream and
the cylindrical, surrounding curtain with nuclei are main-
tained a relatively long distance axially from the spray
assembly. Ithas alsoturned outthatthe cylindrical curtain
with nuclei will be sucked radially inwardly towards the
central bulk water stream, which can be explained by the
fact that the latter has an axial main flow direction which,
due to the axial flow, will provide a static lower pressure.
Hereby, the curtain with its nuclei will merge very well
with the central bulk water stream and generate good
conditions for a rapid growth of the snow patrticles.
[0027] Provided that the air temperature and the rela-
tive humidity in the ambient air are sufficiently low, it is
also possible to activate the outer water nozzles 12 (fig-
ures 2 and 4), and it has turned out that these water jets
will also be sucked in towards the nuclei curtain and
merge with the rest of the stream, so that these water
jets fromthe nozzles 12 will also generate snow particles.
Preferably, in a first step, only the atomizing nozzles 7
and the water nozzles 9 and 10 (and 9’ respectively) are
activated, whereupon, in a subsequent second step or
in several subsequent steps, the outer water nozzles are
activated. This can be done in response to a sufficiently
low air temperature and/or a sufficiently low relative hu-
midity in the ambient air. Alternatively, it is of course pos-
sible to control the flow continuously.

[0028] For a good yield the number of atomising noz-
zles should be substantially higher than the number of
bulk water nozzles, so that the surrounding curtain with
nuclei will be substantially continuous circumferentially.
Advantageously, the number of bulk water nozzles are
about 6 to 12, preferably 7 to 10, in particular 8, and the
number of atomizing nozzles should be 10 to 30, prefer-
ably 14 to 20, in particular 16.

[0029] Those skilled in art may modify the shown em-
bodiment in various ways. The rings with bulk water noz-
zles and atomizing nozzles may be configured in a dif-
ferent manner, forexample in more elongated, preferably
closed configurations, e.g. oval. However, it is essential
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that the atomizing nozzles surround the bulk water noz-
zles, so that the curtain with nuclei will surround the bulk
water stream substantially all around circumferentially.

Claims

1. A method for producing artificial snow by bringing
pressurized water and air to flow from closely located
nozzles in a spray assembly (4; 4'), which is posi-
tioned relatively high over the ground, e.g. 3 to 10
m, wherein the water flows in a central bulk water
stream (B), which is propagated forwardly along a
main direction substantially by means of the water
pressure, and generates, under the influence of ra-
dially surrounding, substantially in parallel directed
beams consisting of air being mixed with very small,
"atomized" water drops, so called sprouts or nuclei,
small snow particles which grow into larger snow par-
ticles before they reach the ground, characterized
in that said bulk water stream (B) and said air beams
with mixed water drops are brought to flow through
an integrated spray assembly having at least a radi-
ally inner ring of water nozzles and an outer radially
surrounding ring of 10 to 30 atomizing nozzles, so
as to generate a central set of planar water jets and
a surrounding, circumferentially substantially contin-
uously enclosing curtain of nuclei, which are gener-
ated in the atomizing nozzles and, directly upon flow-
ing out therefrom, freeze into snow particles and, at
a distance downstream of the spray assembly,
merge with and interact with the planar water jets,
whereupon the snow particles rapidly grow into larg-
er snow particles.

2. The method defined in claim 1, wherein said merger
of the nuclei (C) with the bulk water stream (B) oc-
curs, at least partially, by way of the nuclei being
sucked in towards the bulk water stream by a low
pressure generated by the flow of the water jets.

3. The method defined in claim 2, wherein the bulk wa-
ter stream (B) and said surrounding curtain (C) are
directed along a substantially horizontal direction

(A).

4. The method definedin any one of claims 1-3, wherein
atleast some of said water jets are obliquely oriented
relative to said main direction (A), so that the bulk
water stream (B) diverges.

5. The method defined in any one of claims 1-4, where-
in, radially outwardly of said curtain (C), a number
of further water jets are brought to flow in such a
direction that these further water jets are mixed into
the rest of the flow and thereby accomplish a further
growth of said snow particles.
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6.

10.

11.

12.

13.

14.

The method defined in any one of claims 1-5, where-
in, initially, said central bulk water stream (B) is ac-
tivated with a first feed pressure, e.g. at least 15 bar,
and said curtain (C) is activated with a lower, second
feed pressure, which is less than half of the said first
feed pressure, e.g. not exceeding 7 bar.

The method defined in claim 6, wherein, after said
initial activation of the bulk water stream (B) and said
curtain (C), further water jets are activated radially
outside said curtain in one or more subsequent
steps.

The method defined in claim 7, wherein said one or
more subsequent steps are activated in response to
a lowering temperature and/or air humidity.

A device for the production of artificial snow, com-
prising pressure sources for pressurizing water and
air, respectively, a spray assembly (4; 4’), which is
connectable to said pressure sources and having at
least two sets of adjacent nozzles for spraying pres-
surized water and air, respectively, along a main di-
rection (A), and a holding arm (3) for carrying the
spray assembly at least 3 m above the ambient
ground, characterized in that the spray assembly
(4;4) comprises an integrated casing (4;4’) having
at least a radially inner ring of bulk water nozzles
(9,10; 9') adapted to spray a central set of planar
water jets, and at least one outer, radially surround-
ing ring of 10 to 30 atomizing nozzles, so as form a
central set of planar water beams and a surrounding,
circumferentially substantially continuously enclos-
ing curtain of nuclei, which are generated in the at-
omizing nozzles and, directly upon flowing out there-
from, freeze into snow particles and, at a distance
downstream of the spray assembly, merge and in-
teractwith the planar water jets, whereupon the snow
particles rapidly grow into larger snow particles.

The device defined in claim 9, wherein said main
direction (A) is substantially horizontal.

The device defined in claim 10, wherein said inner
ring (9,10; 9) is substantially circular.

The device definedin claim 11, wherein atleast some
of the bulk water nozzles (9, 10) are obliquely orient-
ed in relation to the main direction (A) of said bulk
water stream (B), so that the bulk water stream (B)
diverges.

The device defined in claim 12, wherein the bulk wa-
ter nozzles (9, 10) are arranged in two concentric
inner rings and are obliquely oriented at different an-
gles in relation to said main direction.

The device defined in any one of claims 9-13, where-
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in the bulk water nozzles (9,10; 9’) are adapted to
generate water jets which are planar in one or more
planes, which are mutually parallel and preferably
substantially horizontal.

The device defined in any one of claims 9-14, where-
in the bulk water and atomizing nozzles (7, 9, 10; 7,
9') are located and arranged in such a way that said
enclosing curtain (C) of nuclei are at least partially
sucked into the central bulk water stream (B) by
means of alow pressure generated by the water flow.

The device defined in claim 9, characterized in that
the number of atomizing nozzles (7) is greater than
the number of bulk water nozzles (9, 10; 97).

The device defined in claim 16, wherein the number
of bulk water nozzles (9, 10: 9’) is 6 to 12, preferably
7 to 10, and the number of atomizing nozzles (7) is
10 to 30, preferably 14 to 20.

The device defined in claim 9, wherein a number of
further water nozzles (12) are disposed radially out-
wardly of said atomizing nozzles (7) for injecting fur-
ther water jets outwardly of said curtain (C) of nuclei.

The device defined in claim 18, wherein the device
is adapted to operate in steps, namely by activating
only the bulk water nozzles (9, 10; 9’) and the atom-
izing nozzles (7) in a first step, and activating said
further water nozzles (12) outwardly of said curtain
(C) in one or more subsequent steps.
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