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(57) Abstract: A nucleator nozzle (20) for produc-
ing ice nuclei is designed as convergent-divergent
nozzle. The nozzle channel (25) has a section (27)
that is widening. The ratio of the cross-sectional
area of the outlet opening (23) to the cross-sectional
area of the nozzle channel (25) in the region of the
nucleus diameter (26) is at least approximately 4:1.
A snow lance (1) having at least one nucleator noz-
zle (20) and having at least one water nozzle (30;
30" is designed such that water droplets (32) pro-
duced by the water nozzle (30; 30 pass through a
droplet path (31; 31") of at least 20 c¢cm until they
reach ice nuclei (28) from the nucleator nozzle (20)
In a germination zone E.

(57) Zusammenfassung: FEine Nukleatordiise
(20) zum Erzeugen von FEiskeimen ist als
konvergent-divergente Diise ausgebildet.  Der
Diisenkanal (25) weist einen sich aufweitenden
Abschnitt (27) auf. Das Verhiltnis der
Querschnittsfliche der Austrittséffnung (23)
zur Querschnittsfliche des Diisenkanals (25)
im Bereich des Kerndurchmessers (26) betrdgt
mindestens etwa 4:1. Eine Schneilanze (1) mit
wenigstens einer Nukleatordiise (20) und mit
wenigstens einer Wasserdiise (30; 30" ist so
ausgebildet, dass von der Wasserdiise (30; 30"
erzeugte Wassertropfen (32) eine Tropfenstrecke

(31, 31") von wenigstens 20 cm durchlaufen, bis sie

[ Fortsetzung auf der niichsten Seite]
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Arrangement, use of an arrangement, device, snow lance

and method for producing ice nuclei and artificial snow
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The 1invention relates to an arrangement, in particular
Lo a nucleator nozzle, to the use of an arrangement, to

a device, to a snow lance and to a method for producing

1ce nuclei and artificial snow.

Background of the Invention

The production of artificial snow has long been known.
SnNOw guns oOx snow liances are used nowadays in a
multiplicity of forms, in particular in winter sports
areas. According to one known method, a Jjet of ice
nuclel 1is produced in a “nucleator nozzle” and 1is
brought into contact with a jet composed of water
droplets. By means of sald “germination”, snow 1is

produced from the cooling water droplets.

In order to produce the ice nuclei, water is cooled and
atomized with the use of compressed air. An essential
parameter for economical operation ©f nucleator nozzles
of this type is the quantity of compressed air which
has to Dbe used to achieve the desired effect. The
gquantity of compressed air determines the energy input
and ultimately the operating costs. A further essential
operating parameter relates to the wet bulb temperature
of the surroundings. With known snow lances, artificial
snow can be produced up to approx. -3 to ~4°. The aim
1s to be able, 1f possible, to produce artificial snow
even at higher temperatures without greater energy

input.

To produce ice nuclei, convergent nucleator nozzles,
for example, are known, in which the cross section in
the nozzle channel becomes continuously narrower in the
direction of the exit: corresponding nozzles are known,
for exanmple, from FR 2 617 273, Us 4,145,000,
US 4,516,722, Uus 3,908,903 o FR 2 2594 5Z8. In
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addition, convergent-divergent nucleator nozzles 1in
accordance with the Laval principal are also Kknown.
Nucleator nozzles of this type are shown, for example,
in US 4,903,895, Uus 3,716,190, Us 4,793,554 or 1n
US 4,383,0646. However, all of said known nucleator
nozzles require a relatively 1large energy 1input 1n

order to produce the nucleil.

To produce artificial snow, nozzle designs which are
combined directly with water nozzles are also known.
Corresponding solutions are known from US 2006/0071091,
Us 5,090,619, US 5,909,844, WO 94/19655 or US 5,529,242
and WO 90/12264. For example, the nozzle according to
US 5,090,619 produces a bubbly flow, and therefore, 1in
practice, only a very small proportion of the water
conducted through the nozzle can be converted 1into 1ice

at the nozzle outlet. The applicant estimates the mass

flow ratio (ALR; ratio of the mass flows of air to

water) to be only approx. 0.01. Said nozzle 1s

therefore not suitable as a nucleator nozzle for

producing 1ce nuclel.

Us 5,593,090 shows an arrangement in which a
multiplicity of water nozzles 1s arranged next to one

another.

Snow lances 1in which nucleator nozzles and water
nozzles are arranged adjacent to one another on a lance
body such that the 1ce nuclei and water droplets
produced are brought into contact with one another 1n a
germination zone adjacent to the 1lance body are
generally customary. Solutions of this type are shown,
for example, in DE 10 2004 053 984 B3, US 6,508,412,
Us 6,182,905, us 6,032,872, US 7,114,602 and
us 5,810,251.

Further snow lances are described 1in US 5,004,151,
UsS 5,810,251 or FR 2 877 07o0.
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However, the known nucleator nozzles and snow lances have

drawbacks. In particular, they can be used only at relatively

low outside temperatures and water temperatures.

sunmmary of the Invention

Therefore, it 1is an object of the present invention to avoid
the drawbacks of what is known, and therefore in particular to

provide an arrangement, a device, a snow lance and a method

for producing ice nuclei and artificial snow, which permit the

production of artificial snow with as little energy input as

possible and at as high outside temperatures and water

Cemperatures as possible.

In accordance with an embodiment of the present invention,
there 1s provided an arrangement for producing ice nuclei, in
particular a nucleator nozzle, having a nozzle channel with at
least one compressed air inlet opening and with at least one

water 1nlet opening, and with an outlet opening, wherein a

cross section of the nozzle channel tapers in a first section

in a direction of the outlet opening to a core diameter, and

wherein the cross section of the nozzle channel subsequently

expands 1n a second section in the direction of the outlet

—

opening, wherein the ratio of the cross sectional area of the

outlet opening to the <c¢ross sectional area of the nozzle

channel in a region of the core diameter is at least 4:1.

In accordance with another embodiment of the present
1nvention, there 1s provided an arrangement for producing ice
nuclel, 1n particular a nucleator nozzle, having a nozzle
channel with at least one compressed air inlet opening and
with at 1least one water inlet opening, and with an outlet
opening, wherein a cross section of the nozzle channel tapers
in a first section in a direction of the outlet opening to a
core dlameter,and wherein the cross section of the nozzle

channel subsequently expands 1in a second section 1in the

direction of the outlet opening, wherein the nozzle channel in
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the expanding section is designed in such a manner that,
during operation of the nozzle, a pressure of less than 0.6
bar 1s set in the expanding section, and in that, downstream

P~

cf tThe outlet opening, pressure surges arise in an outflowing

medium.

In accordance with another embodiment of the present
invention, there is provided a snow lance having at least one

nucleator nozzle for producing ice nuclei, in particular

having a nucleator nozzle of the arrangement as defined above
and having at 1least one water nozzle, wherein an ice nuclei

jet can be produced with the nucleator nozzle and a droplet

jet can be produced with the water nozzle, said jets, after

passing through an 1ice nuclei section and after passing
through a droplet section, respectively, meeting 1in a
germination zone, wherein the i1ce nuclel section is at least

10 cm, and in that the droplet section is at least 20 cm.

In accordance with a further embodiment of the present

invention, there is provided a method for producing ice nuclei

for producing artificial snow, in particular with a nucleator

nozzle as claimed in the arrangement as defined above, wherein

a stream of water and compressed air 1is conducted through a
nozzle channel which tapers in a first section to a core
diameter and expands in a second section toward an outlet
opening, wherein the stream is conducted 1in the expanding

g

section at a pressure of less than 0.6 bar and wherein,

downstream of the exit from the outlet opening, pressure

surges are produced in the emerging medium.

The nucleator nozzle according to the invention serves to
produce 1ce nuclei. The nucleator nozzle has a nozzle channel
which 1s provided with at least one compressed air inlet
opening and with at least one water inlet opening. The water

introduced into the nozzle channel through the water inlet

opening 1is accelerated by the compressed air and output via an
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outlet opening of the nucleator nozzle and, 1in the process,

atomized.

The cross section of the nozzle channel tapers in a £first
section 1in the direction of the outlet opening to a core

5 diameter. The cross section of the nozzle channel subsequently

expands again 1in a second section 1in the direction of the

outlet  opening. The nucleator nozzle 1s  therefore a

convergent-divergent nozzle.

According to the invention, the ratio between the ccross

—

10 sectional area of the outlet opening and the cross
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sectional area of the nozzle channel 1n the region of
the core diameter 1s at least approximately 4:1,
preferably approximately 9:1. It has been shown that
the effectiveness of the nucleator nozzle can be
significantly 1ncreased and the energy input required
significantly reduced with a nozzle geometry of this
type. The geometry of the nozzle 1in the expanding
second section 1s selected 1n such a manner that,
during operation, a negative pressure 1s produced in

sald section. As a result, a lower temperature of the

compressed alr 1s reached 1n the nozzle, and therefore

the water temperature can also be lowered further. This
has the advantage that, even 1in the case of high water

temperatures of up to 10°C, sufficient cooling is still]

achieved 1n the nozzle without the ratio of mass flow
of air to water having to be 1increased. At the same
time, the geometry leads to the formation of surges in

the emerging medium downstream of the outlet opening

because of the pressure compensation. Surges occur
whenever the outlet pressure of the nozzle does not
exactly correspond to the ambient pressure. It 1is
ensured with the high area ratio that the surges occur

only when the compressed alr 1s used optimally.

It 1s presumed that, with the nucleator nozzle
according to the 1nvention, the conversion energy for
producing the 1ce nuclei arises only from a slight
supercooling. At the same time, the surges which are
formed 1n a targeted manner downstream of the outlet
opening serve to 1nitiate solidification of the ice

nuclei.

Nucleator nozzles having different area ratios have
been exposed to extreme <conditions 1n the air
conditioning channel, l.e. to high ampbient
temperatures, very high water temperatures and to a
high proportion of water in the nucleator nozzle. Under

such conditions, an 1ce nuclei hail was still



10

15

20

29

30

35

e it i LT A AT A AL O B R R M G 4 A0 L i P T i e AL b PO T N D 7! it N KA 1B Pt A A1 WAL T KT CRITS, wvi ae A /a0 o ofe ood oy aed e o Be bat oot 0 ifer Wbt iR e g

CA 02709810 2010-06-17

—_ 5 -
noticeable 1n the case of nucleator nozzles having a

high area ratio.

The full angle of the nozzle channel 1is at most 30°,

preferably approximately 10 to 20°.

It has been shown that optimum results are produced
given such an expansion and length of the nozzle
channel. In particular, a certain length of the nozzle
channel 1n the expanding reglon 1s regquilired so that the
compressed air which «cools during acceleration can
sufficiently <c¢cool the entrained water droplets. A
sufficient amount of time 1S needed  for said

compensating process.

However, the nozzle geometry described above 1s also
advantageous for a larger arrangement for producing ice
nuclei. Said arrangement may comprise a nozzle part 1n
which water and compressed alr are not 1nput via
separate openings, but rather wvia at least one common
nozzle 1nlet opening for a water-air mixture which 1is
already present. Of course, however, the arrangement
also contains at least one compressed air inlet opening
and at least one water 1nlet opening. In this case, the
compressed alr 1inlet opening and water inlet opening
may be located outside the nozzle part. This
arrangement therefore contains one or more nozzle
channels, wherein the respective cross section of the
nozzle channel tapers 1n a first section 1n the
direction of the outlet opening to a core diameter, and
whereln the cross section o©f the nozzle channel
subsequently expands 1n a second section 1n the
direction of the outlet opening, wherein the ratio of
the cross sectional area of the outlet opening to the
cross sectional area of the nozzle channel 1in the
region of the core diameter 1s at least 4:1, preferably
approximately 9:1. Since 1ce nuclei can also Dbe

produced with said nozzle part, the term “nucleator
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nozzle” 1S likewise used below for the sake of

simplicity.

According to an alternative aspect of the invention,
the nozzle channel o©f a nucleator nozzle 1in the
expanding section 1s designed 1n such a manner that,
during operation of the nozzle, a pressure of less than
0.0 bar, preferably approximately 0.2 bar, 1s set 1in
the expanding section. At the same time, the nozzle
channel 1s designed 1n such a manner that, downstream

F

of the outlet opening, pressure surges arise 1in the

outflowing medium. In the case of a nucleator nozzle

configured specilifically for achieving said operating
condition, the consumption of compressed air can be

massively reduced.

Depending on the application, the nucleator nozzle may
be designed as a circular jet nozzle or else as a fan

jet nozzle.

In the case of the nucleator nozzle according to the
invention, the water 1nlet opening 1s typically

arranged laterally on the nozzle channel. The water

preferably enters the nozzle channel at an angle of
90°.

An advantageous nucleator nozzle can be produced 1if,
for the formation of a mixing chamber, the nozzle
channel has an approximately cylindrical section which
1s adjoined by the tapering first section. In this
case, the water 1inlet opening may be arranged in the
cylindrical sectlion. The water inlet opening may be
arranged approximately centrally 1in the cylindrical
section, for example with —respect to the axial

direction.

In a preferred embodiment, the corresponding mixing

section between the water inlet opening and the first

U L
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tapering section may be greater than twice the diameter
of the compressed air 1nlet opening (which corresponds

to the diameter of the c¢ylindrical section) and

particularly preferably at least three times said
diameter 1n order to permit the formation of a droplet

flow which 1s as homogeneous as possible.

In a preferred embodiment, the nozzle channel or the
arrangement overall can be configured i1n such a manner
that a fine dispersion or droplet flow 1is produced 1in
the region of the mixing section. With said flow form,
particularly fine atomization 1s possible, resulting in

a large number of 1ce nuclel.

The nozzle channel can be dimensioned as a function of

the cross section of the one or more water 1nlet

p——
—

openings and the cross sectional area 1n the region of

the core diameter of the one or more nucleator nozzles
in such a manner that, 1n the pressure ranges customary
1n the snow-making trade, a ratio of the mass flows of
alr to water (ALR) within the range of 0.3 to 1.9 and
particularly preferably of 0.3 to 1.7 (for example ALR
= 0.0 or ALR = 1.9) 1s or can be set. In the snow-
making trade, nucleator nozzles are customarily
operated at water pressures of 12 to 60 bar abs., and
alr pressures of 7 to 10 bar abs. Within said range of
the mass flow ratio, a large number of ice nuclei can
be produced and, with the nucleator nozzle described,
the freezing of the minuscule water droplets to form
1ce nuclei can still be guaranteed even 1in critical
temperature ranges (water temperature of up to 10°C and

wet bulb temperature of the air of up to -0.5°C).

In order to obtain mass flow ratios in the range of 0.3
to 1.7 and therefore to achieve optimum formation of
1ce nuclei, the ratio of the cross sectional area of
the nozzle channel 1in the region of the core diameter

to the cross sectional area of the one or more water
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inlet openings lies within the range of 8:1 to 40:1 and
preferably approximately 32:1. Area ratios of 9:1 have
proven particularly advantageous for ratios of the
absolute pressures of water to air 1n the range of 1.2

to 3, and area ratios of 35:1 have proven particularly

advantageous at pressure ratios of 3 to 8. If the
arrangement has, for example, a plurality of nozzle
channels with corresponding core dilameters, the overall
cross sectional area of the core diameters is to be
selected as reference variable for the abovementioned

ratio of the cross sectional areas.

It may be advantageous for certain applications if the
channel section having the narrowest cross section
and/or the adjoining, expanding section is/are

configured to be relatively 1long. The water droplets

therefore have sufficient time for cooling, as a result

of which the production of 1ce nuclei can be optimized.

The length (LE) of the channel section having the
narrowest cross section can be, for example, at least
twice, preferably five times and particularly

preferably at least ten times the core diameter.

It may be advantageous, particularly in a structural

respect, 1f the nucleator nozzle 1s predetermined by a
component designed as a single piece. A component of
this type can also be easily fitted, for example, into

a sSnow lance.

In an advantageous embodiment, the arrangement can have

at least two, and preferably three outlet openings. The
outlet openings can each preferably be assigned to a
nucleator nozzle. The outlet openings can be connected
via a channel division to a common mixing chamber into
which air and water for the air-water mixture can be

fed via the at least one compressed air inlet opening

and via at least one water inlet opening. In this

arrangement, the nucleator nozzles have a common input
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h

for the compressed air and the water (instead of
separate compressed alir 1nlet openings and water inlet

openings) .

A mixing chamber, the cross sectional area of which is
at most 9 times, preferably approximately 7 times,
larger than the cross sectional area 1n the region of
the core diameter 1s particularly advantageous. The
mlxing section can correspond to at least 5 times,
preferably at least 12 times, the inside diameter of

the mixing chamber. A particularly homogeneous droplet

flow and, in association therewith, very fine

atomization can be achieved with a mixing chamber of

this type. Fine atomization leads to a large number of

droplets and, together with the very rapidly cooling

droplets 1n the finely dispersed droplet flow, to a
large number of 1ce nuclei. Such a tubular part for
forming a mixing chamber may also be advantageous in

combination with conventional nucleator nozzles.

The mixing chamber can be formed by an approximately
hollow <cylindrical tubular part, the at 1least one
compressed alr 1inlet opening being arranged on the end
side of the tubular part and the at least one water
inlet openling being arranged on the casing side in or
on the tubular part. Of course, it 1s conceivable to
select different shapes instead of a hollow cylindrical
tubular part. In particular, the external shape of the
tubular part does not absolutely have to be cylindrical

or partially cylindrical.

A filter means can be arranged at least in the region
of the at least one water 1inlet opening, in particular
on the outer casing of the tubular part. The at least
one water 1nlet opening could be closed in each case by
an individual filter element. However, 1t 1S
particularly advantageous 1f the filter means 1is a

sleeve-shaped fillter element which 1is arranged at a
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distance around the tubular part in order to form an
annular gap space. Said fillter arrangement firstly

produces a good filtering effect and, secondly, the

outlay on maintenance can be considerably reduced. In
the case of an arrangement having a channel division,
1t may Dbe advantageous 1f a common filter means
(instead of a respective filter means per nucleator
nozzle) 1s used for feeding the plurality of nucleator
nozzles. A central filter means of this type may be
designed to be relatively coarse (for example to have

relatively large mesh widths).

In order to bring up the water to the nozzle channel,
the arrangement can have at least one preferably
tubular or cross sectionally annular water pipe which
runs parallel to the tubular part and is provided with
at least one passage bore, water being feedable into
the at least one water 1nlet opening via one or more

passage bores.

The tubular part and the nucleator nozzles assigned to
the outlet openings may be oriliented approximately at a
right angle to one another. The air-water mixture 1is
therefore deflected approximately at right angles 1in
the nozzle <channel, thus enabling a space-saving

arrangement to be achieved.

The outlet openings can be assigned nucleator nozzles
which are distributed on a circumference about an axis
and which are each directed away radially. An
arrangement of this type 1s suitable in particular for

fitting into a snow lance.

It may be particularly advantageous 1n this case 1if the
arrangement has a head part to which the nucleator
nozzles are or can be fastened, preferably via a screw
connection. The head part can have, in order to form

the channel division, a central channel which runs 1in

"y aDie g e g B AR S e
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the direction of the axis thereof and is divided into
supply channels which are directly away radially from
the axis and are 1intended for feeding the respective

nucleator nozzles.

A further aspect relates to the use of an arrangement
as described above, 1n particular of the above-

described nucleator nozzle, for producing ice nuclei

for a device for producing artificial SNOW.
Accordingly, yet another aspect of the invention
relates to a device for producing artificial snow, such
as, for example, to a snow lance or snow gun having at

least one nucleator nozzle of this type.

Another aspect of the invention also relates to a snow
lance having at least one arrangement for producing ice
nuclel, 1n particular at least one nucleator nozzle and
at least one water nozzle for producing water droplets.
A nucleator nozzle 1n the above-described form is
typically but not necessarily used. Ice nuclei can be
produced wilth the nucleator nozzle. A droplet Jjet
composed of water droplets can be produced with the
water nozzle. After passing through an ice nuclei
section and after passing through a droplet section,
respectively, the 1ice nuclei jet and the droplet jet
meet 1n a germination zone. According to this aspect of
the 1nvention, the snow lance 1s designed in such a
manner that the 1ce nuclel section is at least 10 cm,
preferably approximately 20 to 30 cm. As an alternative
or also at the same time, the droplet section is at

least 20 cm, preferably approximately 40 to 80 cm.

The 1ce nuclei sections and droplet sections which are
relatively 1long 1in comparison to the prior art
respectively permit better full freezing of the ice
nuclel droplets, which are only extremely lightly
frozen after emerging from the nucleator nozzle, and

better cooling of the water droplets produced from the
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water nozzle. The longer droplet section permits
greater dissipation of energy to the surroundings by
convection and evaporation. Since the water droplets
can be cooled relatively strongly 1in this manner
(optimally to below 0°C), the ice nuclei do not melt in
contact with the water droplets. Whereas 1in trials a
droplet section of 20 to 80 cm has proven particularly
advantageous, a further lengthening of the droplet
section would 1n principle be conceivable. In general,
1t 1s attempted to design the droplet section to be as
long as possible, but 1t should be ensured that the

droplet jet does not expand excessively.

It has surprisingly been shown that the maximum snow-
making temperature (wet bulb temperature) with the
arrangement according to the 1nvention can be increased
by 2 to 3° Celsius. Typically, the snow-making limit
with the snow lance according to the invention 1is
approx. =-1° in comparison to a snow-making limit of -3
to -4° in the case of snow lances according to the

gy

prior art. In addition, a massive reduction of the air

consumption by at least 50% in comparison to the prior
art could be achieved with the arrangement according to
the i1nvention and the nucleator nozzle according to the

invention.

The snow lance preferably has a lance body with a
substantially c¢ylindrical shape. In this case, the
nucleator nozzle 1s arranged radially or is directed
obliquely upward up to an angle of 45°, i.e. away from
the lance body, with respect to the axis of the lance
body. Here and below, the discussion involves one
nucleator nozzle or one water nozzle. Of course, the
embodiments below also relate to arrangements having
more than one nucleator nozzle or more than one water

nozzle.
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According to another preferred exemplary embodiment,
the water nozzle 1s arranged at an angle to a plane
perpendicular to the axis of the lance body. In this
case, the water nozzle 1s directed toward the nucleator
nozzle. This results in droplet jets lying

approximately on a conical surface area. Since the

droplet Jets are output 1in a preferred direction, the
alr surrounding the droplet Jjet 1is entrained. The
increased alr exchange enables the energy required for
the solidification to be dissipated ©better. This
results 1n a further 1increase 1in the effectiveness of

the snow lance according to the invention.

It a plurality of nucleator nozzles 1s used, said
nucleator nozzles are advantageously arranged uniformly
over the circumference of the cylindrical lance body.
At the same time, 1n this case, if a plurality of water

nozzles 18 used, said water nozzles are also

distributed over the circumference of the lance body.
With arrangements of this type, particularly

homogeneous snow-making results can be obtained.

According to another particularly preferred embodiment,

the lance body 1s provided with two different groups of
water nozzles. The water nozzles of the two groups are
arranged 1n two different axial positions on the lance
body. The different axial position results in the
droplet sections of the water droplets produced by the
water nozzles of the different groups being different.
Such an arrangement permits longer or shorter droplet
sectlons to be selected consciously, depending on the
external temperature. In this case, 1t 1is particularly
advantageous 1f the groups of water nozzles can be
charged wilith water 1ndividually in the different

positions. At lower ambient temperatures, relatively

short droplet sections are sufficient. The water
nozzles which are located <c¢loser to the nucleator

nozzles are then additionally charged with water. At
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higher temperatures, the group of water nozzles located
further away from the nucleator nozzle is charged with
water. This produces a relatively large droplet
section. More time 1s therefore required to cool the

water droplets.

The respective water nozzles of the at least two groups
of water nozzles can be oriented 1n such a manner that
the droplet jets produced with the water nozzles strike
agailnst the 1ce nuclei Jjet only when the ice nuclei

section 1s at least 10 cm, in particular 20 to 30 cm.

For certain use purposes, 1t may be advantageous 1f at
least one group o©f water nozzles 1s arranged axially

below the at least one nucleator nozzle, and if at

least one additional group of water nozzles 1is
provided, sailid group being arranged above the at least
one nucleator nozzle. Said additional water nozzles can

further i1ncrease the snow-making capacity.

In particular 1if a plurality of nucleator nozzles 1is
used, for example 1f si1x nucleator nozzles are used, 1t
has proven advantageous for the nucleator nozzles to be
offset with respect to the water nozzles on the lance
body, as seen 1in the circumferential direction. This

results 1n particularly effective thorough mixing in

the germination zone.

In another embodiment, 1n oxrder to predetermine a
mixXing chamber, the snow lance can contain a preferably
approximately hollow cylindrical tubular part to which
the at least one nucleator nozzle 1s connected in terms
of flow. In this case, the tubular body can be arranged
in the lance body preferably axially parallel to the
lance body axis, thus enabling a slender design to be

achieved for the snow lance.
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A common feed pipe can be provided in order to feed the
at least one nucleator nozzle and the at least one

water nozzle.

Another aspect of the 1nvention relates to a method for

producing 1ce nuclei for producing artificial snow. In
particular, a nucleator nozzle as described above 1is
used. In this case, a stream of water and compressed
alr 1s conducted through a nozzle channel. The nozzle
channel 1s reduced 1n a first section to a core
diameter. The nozzle channel expands again in a second
section toward an outlet opening. According to the
method according to the invention, the stream 1is

conducted 1in the expanding region at a pressure of less

than 0.6, preferably of approximately 0.2 bar. 1In

addition, downstream of the exit from the outlet

opening, pressure surges are produced in the emerging

medium. It 1s assumed that said pressure surges serve

to 1nitiate the solidification of the ice nuclei and

therefore permit the enerqy to be input for

solidification purposes to be reduced.

Yet another aspect of the 1nvention relates to a method
for producing artificial snow. According to said
method, 1ce nucleli are produced 1in at 1least one
nucleator nozzle and water droplets are produced in at
least one water nozzle by atomizing water. A nucleator
nozzle as described above 1s typically wused. The
droplet jet produced with the water nozzle and the ice
nuclel Jjet produced with the nucleator nozzle are
brought together 1n a germination region. According to
the 1nvention, the ice nuclei jet 1is conducted via an
1ce nuclei section of at least 10 cm, preferably
approximately 20 to 30 ¢cm. As an alternative or in
addition, the droplet jet 1is conducted via a droplet
section of at least 20 cm, preferably approximately 40
to 80 cm.
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According to a preferred development of the method
according to the invention, as a function of the wet
bulb temperature of the surroundings, in a first
temperature range water droplets are produced by water
nozzles at a first distance from the nucleator nozzle.
In a second, lower temperature range, water droplets
are produced from water nozzles which are arranged at a
second distance from the nucleator nozzle, which
distance is smaller than the ZIfirst distance. In this
manner, an optimum droplet section can be selected
depending on the wet bulk temperature of  the

surroundings.

The droplet ijet of the additional water nozzles can be
conducted to a germination region via a droplet section
of at least 20 cm, in particular 40 cm to BO cm.

As an alternative or 1in addition, the droplet jet of
the additional water nozzles can be conducted to a
second germination region via a droplet section of at
least 20 cm, in ©particular 40 cm to 80 cm, where
droplets, which have already frozen, from the water
nozzle groups and/or ice nuclei, which are still
present, from the nucleator nozzle seed the droplets in
a type of secondary germination and therefore enable
the freezing of said droplets.

Brief Description of the Drawings

The invention is explained in more detall below 1in

exemplary embodiments and by way of the drawings, 1in

which:

figure 1: shows a schematic 1llustration o©of a snow-
making process;

figure 2: shows a c¢ross section through a nucleator

nozzle according to the invention;
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shows the course of the water temperature
in the nucleator nozzle according to

figure 2;

shows a side view of a snow lance according

to the invention;

shows a section through the snow lance
according to figure 4 along a plane
perpendicular to the axis o0f the snow

lance;

shows the Mach number; homogeneous
temperature and homogeneous pressure at the
outlet of a nucleator nozzle according to
the invention as a function of the area
rati1o between the core diameter and outlet

opening;

shows a graphical 1llustration of the 1ice
content as a function of the droplet
section 1n a snow lance according to the

invention,

shows a theoretically optimum droplet

section as a function of the water
temperature and the wet bulb temperature of

the ambient air;

shows a ©perspective 1llustration of an

upper part of a snow lance according to a

second exemplary embodiment,

shows a side view of the upper end of the

snow lance according to figure 9,

shows a cross section through the snow

lance 1n the region of the nucleator
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nozzles (section line A-A according to

figure 10),

shows a top view of the snow lance

according to figure 9,

shows a sectional 1llustration of the snow
lance along the section line F-F according

to figure 11,

shows a sectilional 1llustration of the snow
lance along the section line H-H according

to figure 11,

shows a further plan view of the snow lance
together with the 1llustration of a further

section line,

shows a sectional 1llustration of the
uppermost end of the snow lance along the

section line B-B according to figure 14,

shows a detail C from figure 15,

shows a ©perspective 1illustration of a
tubular part and three nucleator nozzles

for the snow lance according to figure 9,
shows a side view with a partial section of

the tubular part in an enlarged

1llustration,

shows a cross section through the nucleator

nozzle according to figure 17 1in a greatly

enlarged illustration,

shows a side view of a lance body for the

snow lance,
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figure 21: shows a cross section through the lance
body (section line H-H according to
figure 20), and

figure 22: shows a further cross section through the
lance body (section line G~G according to
figure 20).

Detailed Description

Figure 1 shows schematically the production of
artificial snow with a snow lance. Ice nuclei 28 are
produced 1in a nucleator nozzle 20 or 50. Water droplets
32 are produced in a water nozzle 30. The water
droplets 32 move to a germination zone E via a droplet
section 31. The ice nuclei 28 move to the germination
zone E via an ice nuclel section 21. In the germination
zone E, the water droplets 32 come into contact with
the 1ce nuclei 28 and are seeded. On the route via the
droplet section 31, the water droplets 32 which are
atomlized by the water nozzle 30 are cooled. The water
droplets seeded with ice nuclei subsequently solidify
1n a solidification zone 40 and, after a dropping
height H of approximately 10 meters, typically fall to
the ground as snow.

Figure 2 shows in c¢ross section a nucleator nozzle 20

according to the invention. The nucleator nozzle 20 has

a lateral water 1inlet opening 22 and an axial
compressed air inlet opening 24. The water inlet
opening 22 opens approximately perpendicularly into a
nozzle channel 25. The compressed air inlet opening 24
lies on the axis of the nozzle channel 25.

The nucleator nozzle 20 is designed as a convergent-
divergent nozzle. That is to say, the nozzle channel 25
tapers 1n diameter in a first section to a core

diameter 26. In a second, expanding region 27, the
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nozzle channel 25 expands again from the core diameter

26 to an outlet opening 23.

In the exemplary embodiment shown in figure 2, the

nozzle channel 1s designed with a round cross section.

The diameter DM of the compressed air inlet opening 24
1s 2.0 mm. The diameter DLW of the water inlet opening
22 1s 0.15 mm. The cross sectional diameter DK of the
nozzle channel 25 in the region of the core diameter 26
1s 0.85 mm while the cross sectional diameter DA of the
nozzle channel 25 1in the region of the outlet opening
23 1s 2.5 mm. According to the invention, the ratio
between the cross sectional area in the region of the
outlet opening 23 and in the region of the narrowing 26
1s selected to be as high as possible. In the present

exemplary embodiment, the ratio is approx. 9:1.

During correct operation of the nucleator nozzle, air
1s 1ntroduced through the compressed air inlet opening
24 at a pressure of 6 to 10 bar (absolute air pressure)
in a quantity of up to at maximum 50 standard liters
(standard 1) per minute. When typically 6 nucleator
nozzles are used per lance, a maximum air consumption
of 300 standard 1liters (standard 1) per minute 1is
produced. Water 1s introduced through the water inlet

opening 22 at a pressure of between 15 and 60 bar
(absolute air pressure) into the nozzle channel 25.

With the abovementioned pressures, mass flow ratios of

the mass flow of air and water of approx. 0.6 to 1.9
are produced 1n the nucleator nozzle. However, in
certailn cases, mass flow ratios of the mass flow of air

and water of 0.3 to 1.7 are also conceivable.

In the area ratio shown in figure 2 between the taper
26 and outlet opening 23 and at a full cone angle o of
approx. 20° in the expanding region 27, a pressure of
approx. 0.2 bar 1s produced in the expanding region 27

with the abovementioned operating parameters. With the
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area ratio remalning constant, the angle a can be
selected as desired within a certalin range, but smaller
angles are preferred. The associated longer residence
time 1n the nozzle allows the entrained water droplets

more time to cool.

Filgure 3 shows schematically the operation of the
nucleator nozzle 20 from figure 2 for producing ice
nuclei. In the example adopted in figure 3, the water
temperature Ty is originally approximately 2°C. By means
of the cross sectional narrowing and subseqguent
wildening, the water 1s cooled by the compressed air.
Cooling takes place to typically -1°C to -2°C. Said

o~

cooling is less than the cooling of -8°C to -12°C aimed

for with conventional nucleator nozzles. Accordingly,
the consumption of compressed air 1s significantly
smaller wilth the nucleator nozzle 20 according to the

invention.

Owling to the specific selection of the geometry in the
wldening region 27, a relatively large negative
pressure 1s produced up to the outlet opening 23. At
the same time, pressure-compensating surges are formed
1n a specific manner 1in the region 29, said surges
assisting the formation of the ice nuclei and
inlitiating solidification. MS denotes a mixing section
for the alr-water mixture of the mixing chamber of the
nozzle channel 25. In the present exemplary embodiment,
the mixing section MS 1s approximately 3.5 times larger

than the diameter DM of the nozzle channel in the

region of the mixing section. Relatively long mixing
sections lead to an advantageous, finely dispersed

droplet flow.

The nucleator nozzle shown in figure 2 may in principal

be used for producing 1ce nuclei in snow guns or 1in

SNOW lances.
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Figure 4 shows a snow lance 1 which 1is provided with
three nucleator nozzles 20 (only one nucleator nozzle
20 1s visible in the side view 1in figure 4). The snow
lance 1 has a lance body 10. The 1lance body 10 1is
substantially formed with a cylinder geometry. At one
end of the lance body 10, the nucleator nozzles 20 are
arranged such that they are directed radially outward

over the circumference of said lance body.

In addition, two groups of water nozzles 30, 30' are
arranged on the lance body 10. In the side view 1in
figure 4, only one water nozzle of one group is in each
case visible. Typically, three water nozzles 30 or 30’
per group are arranged uniformly at a distance of 120°

over the cilrcumference of the lance body 10.

The water nozzles 30 or 30" are arranged inclined with
respect to a plane perpendicular to the axis A of the
lance body 10. In this case, the angle B of the water
nozzles 30 arranged further from the nucleator nozzle
20 1is selected to be smaller than the angle B’ of the
water nozzles 30" located closer to the nucleator nozzle
20. Typically, the angle P of the water nozzles 30 1is
approximately 30° and the angle B’ of the water nozzles

30" is approximately 50°.

After exiting from the nucleator nozzle 20, ice nuclei
pass through an 1ce nuclel section 21. After passing
through a droplet section 31 or 31', the water droplets
produced with the water nozzles 30 or 30 meet ice

nuclel 1n the germination zone E.

In the exemplary embodiment shown, the droplet section
31 1s approximately 70 cm. The droplet section 31’ 1is
approximately 50 cm. The 1ce nuclei section 21 1is

appreox. 25 cm.
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Owing to the water nozzles 30 or 30' being arranged
relatively far from  the nucleator nozzles 20,
relatively large droplet sections 31 or 31" are
produced. The water droplets formed with the water
nozzles 30 or 30" therefore have sufficient time to cool
to the necessary temperature. In principle, the droplet
section 31, 31" and the ice nuclei section 21 can be
selected to be of any length above a lower limit of
typically approximately 20 cm. The upper limit 1is
provided by the Jjets still having to meet in the
germination region E. Depending on the field of
application, it may therefore be expedient to design
the nucleator nozzle 20 as a circular jet nozzle (i.e.
with a round cross section in the outlet region) or as
a fan jet nozzle (i.e. with an elliptical cross section

1n the outlet region).

The arrangement of the water nozzles 30 or 30" in two
groups at different distances from the nucleator nozzle
20 permits different operating modes depending on the
wet Dbulb temperature of the surroundings. Typically,
both groups of water nozzles 30 and 30" are used at
lower wet Dbulb temperatures. At lower temperatures, a
shorter droplet section 31" is sufficient. At higher wet
bulb temperatures, only the water nozzles 30 which are

further away are used. Owing to the longer droplet
section 31, sufficient cooling is nevertheless ensured.

At operating pressures of 15 to 60 bar, the water
consumption of a nozzle 30 or 30" is customarily between
12 and 24 liters of water per minute. In the exemplary
embodiment, at high wet bulb temperatures of the
surroundings of typically -4°C to -1°C, snow can be
made with three water nozzles 30 of the groups which
are further away and using approx. 36 to 72 liters of
water per minute. After the water nozzles 30' of the
closer group are switched on below typically -4°C,

consumption of approx. 72 to 144 liters of water per
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minute 1s produced. For even lower temperatures, at
least one further water nozzle group 1s provided, but

1s not shown here.

Means of supplying ailr and water for the individual
nozzles are arranged 1n the lance body 10 in a manner
known per se. Such supply means are customary for a
person skilled 1n the art. They are therefore not

described 1n detail here.

The various components described are manufactured from
metal. Partially anodized aluminum 1is typically used
for the body of the nucleator nozzle and of the water

nozzle and also of the snow lance.

Figure 5 shows a section through a plane perpendicular
to the axis A of the lance body. The lance body 10 is
of substantially c¢ylindrical design. Three water
nozzles 30 are arranged regularly over the
circumference of the lance body 10 at an angular
spacing of 120°. Various supply lines (not described
specifically) for air and water are shown in the

interior of the lance body 10.

Figures 6 to 8 show wvarious measurement results from

which the significantly greater efficiency of the

nucleator nozzle and snow lance according to the

invention 1s apparent.

Figure © shows a Mach number, the homogeneous
temperature and the homogeneous pressure 1in the medium
in the region of the outlet opening 23 of the nucleator
nozzle 20 (see figure 2) as theoretical wvalues.

g

Homogeneous here means that the temperatures of air and

water 1n the nozzle have already been fully equalized.
In reality, this will never be the case. The
temperatures shown here are therefore significantly

lower than the anticipated water temperatures. The
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geometry of the nucleator nozzle 20 is selected i1n such

i}

a manner that the Mach number lies within the range of
at least approximately 2 to 2.5. In the region of the
outlet opening, the pressure 1n the emerging medium 1is
approximately 0.2 to 0.6 bar. The specified pressure
and temperature values and the Mach number depend on

the area ratio A,/Ax between the cross sectional area in

the region of the outlet opening 23 and in the region
of the narrowing 26. The area ratio found to be

preferred on the basis of tests i1s approx. 9:1.

In the lowermost 1llustration 1in  figure 6, two
different curves are also shown as a function of the
alr pressure 1n the nucleator nozzle 20. Comparable

results are produced at an ailr pressure of 6 bar and at
10 bar.

All three 1llustrations according to figure 6 also show

the curves for two different mass flow ratios ALR

between the alr and water. Said mass flow ratios lie
within the abovementioned operating range limits which
arise from the typically prevailing pressure ranges of

water and air and from the geometry.

Figure 7 shows the average 1ice content in percent in a
region at a horizontal distance of approx. 3.5 m
downstream of the nozzle outlet. The 1ice content
increases 1f the droplet section increases. Given a
fixed 1ce nucleli section 21 of 25 cm and a water
temperature of 1.7° Celsius, at a wet bulb temperature
of the surroundings of -2°C an ice content which rises
from approx. 4.5% to approx. 6% 1s produced 1in a
droplet section of 10 or 50 cm. The effect is even more
pronounced at a lower wet bulb temperature of -7°C: in
this case, 1f the droplet section is lengthened from
approx. 10 to 50 cm, the 1ce content 1increases from

approx. 12 to virtually 15%.
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Figure 8 also shows the theoretically optimum droplet
sections, which are determined by experimentation, as a
function of wvarious water temperatures for various wet
bulb temperatures. The theoretically optimum droplet
section 1s understood as meaning the section in which
the water droplets from the water nozzles 30 and 30" can
be cooled 'precisely to 0°C. This ensures that no more
ice nuclel are melted during the encounter 1in the
germination zone, and therefore the best snow-making
results should be expected. As figure 8 shows, optimum
snow-making can be achieved with a water temperature of
1° Celsius with a droplet section in the region of
50 cm to 1 m and at a wet bulb temperature of the

surroundings of up to -2°C.

Figure 9 shows a further snow lance 1 which differs
from the snow lance according to figure 4 inter alia in
that additional water nozzles 30" are arranged above the
nucleator nozzles, which are denoted by 50. The water
nozzle and nucleator nozzle geometry is essentially the
same. The snow lance therefore differs by comparatively
long 1ce nuclel sections and droplet sections. The ice
nucleili section here 1s also intended to be at least
10 cm, 1n particular approximately 20 to 30 cm and the
respective droplet sections of the water nozzles 30
and/or 30’ are intended to be at 1least 20 cm, in

particular approximately 40 to 80 cm. The droplets of

the additional water nozzles 30" are seeded in a second
germination zone by means of already frozen droplets
from the water nozzles 30 and/or 30' and remaining ice
nucleli from the nucleator nozzles (20/50). The snow
lance 1 has an alternative arrangement, which 1is
described 1n more detail below, for producing ice

nucleil.

As emerges from figure 10, the nucleator nozzles 50 are
fastened 1n a head part 41. By way of example, the

fastening takes place via a screw connection. To screw
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in the nozzle 50, two blind holes can be seen next to

1)

the outlet opening 23 as workpiece receptacles (cf.,
for example, figure 19 below). Said head part 41 1is

screwed on to the lance body.

As emerges from figure 11, the three nucleator nozzles
50 of the arrangement for producing ice nuclei are fed
by a common channel. A water-air mixture can be
conducted through said channel, the mixture dividing in
the channel division 43 and being supplied to the
nucleator nozzles 50. A nozzle 1inlet opening of the
nozzle channel of the nucleator nozzle 50 1s denoted by
50l. Said nucleator nozzles 50 differ from the nucleator

nozzles according to the first exemplary embodiment

(cf. figures 2, 3) particularly in that the water 1is
not conducted i1nto the nozzle channel via a lateral,
separate 1input opening. The basic conception of the
nozzle channel geometries of the nucleator nozzles 50
remaln more or less the same. The nucleator nozzle 50
i1s therefore likewise <configured as a convergent-
divergent nozzle 1n which the ratio of the cross
sectional area of the outlet opening to the cross
sectional area of the nozzle channel in the region of
the core diameter 1s at least 4:1 and preferably
approximately 9:1. The individual nucleator nozzles are

each connected 1in terms of flow to supply channels 56
which are connected to a central channel 55 in the
region of the channel division 43. It can furthermore
be readily seen 1in figure 11 that the water nozzle 30

1s configured as a fan jet nozzle.

It can be seen from the top view according to figure 12
(and also from figure 14) of the snow lance 1 that the
three water nozzles 30' and 30" in each case (and of
course also the nucleator nozzles which cannot be seen

here) are distributed over the circumference of the
lance body 10.
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Figure 13 shows a longitudinal section through the snow
lance 1. In order to form a mixing chamber, a tubular
part 44 which 1s of approximately hollow cylindrical
design and 1into which compressed air can be supplied
via a compressed alr inlet opening 24 is provided. The
water 1s conducted from the side into the mixing
chamber of the tubular part 44. The tubular part 44 is

surrounded on the surface area side by an outer tube 46

which has two bores 48 for the entry of water. A
sleeve-shaped filter element 49 is arranged between the
outer tube 46 and the tubular part 44 (cf. figure 18
below). As can be seen, water for all of the nucleator
nozzles 1s 1njected wvia a common mixing chamber.

Furthermore, the arrangement has a common central water

filtering means 49 for the three nucleator nozzles.
This has the advantage that - 1in comparison to the
arrangement according to the first exemplary embodiment
as per figure 2 - a comparatively large water inlet
opening can be selected. This has advantages inter alia
1ln terms of production. However, a further advantage
consists 1n the filtration of the supplied water being
able to be simplified. The mixing chamber system
according to the second exemplary embodiment enables,

for example, the coarser and larger filter to be used.

It 1s apparent with reference to figures 13 and 13a how
the water 1s conducted through the snow lance and the

water and nucleator nozzles are fed. It can be seen in
figure 13a how the water 1is conducted in 45 (and 45)
upward 1nto the head part where it is deflected. 1In
this case, the water feeds the nucleators and at the
same time 1cing up 1s prevented by the head being
heated. The water 1s then conducted again to the foot
of the lance where 1t can be distributed into three
channels by means of valves and can be conducted upward

again (see filgures 20-22). The direction of the water

mass flows 1s 1indicated by arrows. The three groups of

water nozzles (30, 30, 30") can each be charged
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individually with water by means of wvalves (not
illustrated). A channel 59" which extends in the axial

direction of the lance body and serves to feed the

upper water nozzles (30') can be seen in figure 13. A

cutout 1n the outer casing of the lance body, via which
the water can pass 1nto an annular channel, formed by
an annular element 54, 1s denoted by 57. The annular
element 54 has recesses on the circumference, into
which the water nozzles can be screwed (cf., for
example, figure 9 or 10). The nozzles 30 are also fed
1n the same manner by an annular channel. A compressed
alr supply pipe 1is denoted by 58. The compressed air
passes from sald channel 58 via a candle filter 52 into
the tubular part 44.

Figures 15 and 16 show the snow lance 1 in a further
longitudinal section, the snow lance being depicted
true to scale 1n figure 16. The design of the nozzle
channel of the arrangement for producing ice nuclei can
1n particular be readily seen therefrom. The water-air
mixture 1s conducted along a first mixing section MS' to
the channel division 43. Said mass flow 1is then
deflected and divided until it finally passes through
the respective nozzle channels of the nucleator nozzles
>0 to the outlet opening 23. In this case, the mixing
section MS' is approximately 12 times larger than the
diameter of the nozzle channel in the region of the
mixling section. Particularly advantageous results can
be obtained 1f the entire mixing section MS’' + MS” is at
least 12 times larger than the diameter of the nozzle
channel 1in the region of the mixing section. It has
been shown that a mixing section which is at least
three times larger than the diameter of the nozzle
channel 1n the region of the mixing section MS' may be
advantageous. The mixing chamber of the tubular part is
adjolned by a short channel 55 which is assigned to the
head part and has the same channel diameter, said

channel Dbeing divided 1into three channels 56. The
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channels 56 (mixing section MS”) and therefore also the
nucleator nozzles 50 are oriented at a right angle to
the tubular part 44. In the present example, the cross
sectional area 1in the region of the mixing section MS'
1s approximately 7 times larger than the overall cross
sectional area of the three nucleator nozzles 1in the

region of the core diameter.

Figure 17 shows the tubular part 44 and the three
nucleator nozzles 50 of the arrangement for producing
1ce nuclei for the snow lance 1in a type of exploded

illustration.

Details of a tubular part 44 can be gathered from

figure 18. The water inlet opening 22 is arranged here
approximately centrally in the tubular part 44 with

respect to the axial direction. The filter element 49

may be composed of a wire mesh. A central filtering
means of this type may be configured to be relatively
coarse, as a result of which the range of use can be
expanded. The mesh width of a wire fabric filter (or
hole width in general) may be, for example,
approximately 0.1 mm. As <can be seen, the filter
element 49 1s spaced apart from the outer wall of the
tubular part 44, as a result of which an annular gap is
formed. The water finally passes from the annular gap
via the water 1nlet opening 22 in the tubular part 44
into the mixing chamber and is entrained by the
compressed  air stream and mixed therewith. The
diameters of the bores 48 are many times larger than
the diameter of the water inlet opening 22. The
diameter, denoted by DLW, of the water inlet opening 22
may be, for example, 0.25 mm or 0.5 mm, depending on
the intended use. A candle filter 52 is arranged in the
region of the compressed air inlet opening 24 in order

to clean the air brought up to this point.
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Structural details of a nucleator nozzle 50 can be

gathered from figure 19. The nozzle 50 1s designed as a
silngle-piece component which has an external thread
wlith which the nozzles can be fastened into
correspondlng receptacles on the head part. The present
nozzle has the following characteristic data by way of
example: outlet diameter Dy = 2.5 mm, core diameter
Dk = 0.85 mm and 1nlet diameter Dy = 2.1 mm. The
diameter of the channel (56) (not shown here) opening
into the nozzle 1s 2.0 mm. The length, denoted by LE,
of the narrowest cross section 1s approx. 5.4 mm. Owing
to the relatively long channel section with the
narrowest cross section (LE) and Dbecause of the
comparatively long outlet cone, the water droplets have
sufficient time for cooling, as a result of which the

production of 1ce nuclel can be optimized.

Figure 20 shows a lance body 10. Figures 21 and 22 show

a sectlon through the lance body in two different axial

positions. The lance body 10 1s as a hollow profile
extending 1n the axial direction and containing five

clrcular cavities 53, 53', 58, 59, 59" and four non-

circular cavities 45, 45', 47, 47'. In this case, the
central cavity 58 serves as a supply pipe for the
compressed ailr for the nucleator nozzles. In the
cavities 45 and 45', water is conducted upward to the

lance head (not shown here) where 1t 1is deflected. The

water 1s then conducted downward wvia the cavities 47,
47" to a valve arrangement (not shown). Depending on
activation, the water passes to the round channels 59
and/or 59’ which feed the water nozzles arranged below
the nucleator nozzles. An elongated hole 57 which
produces the connection between the cavity or channel
59 and the lower water nozzles (30) (not shown here) in
terms of flow can be seen 1n figure 21. The cavity or
channel 59" serves for feeding the upper water nozzles
(30) . The channels 53 and 53 serve to feed the
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additional water nozzles (30”) which are arranged above

the nucleators.

It can Dbe seen from figure 22 and figure 20 how the
pore 48 with which water can be supplied to the tubular
part 44 for feeding the nucleators, can be produced.
Said bores can be produced in a simple manner by a
drilling operation from the outside of the lance body.
The holes produced in the process on the outer casing
of the lance body 10 then merely have to be closed.

Figure 22 indicates a filling of the holes by a shaded
area 60.
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embodiments of +the present invention for which an

exclusive property or privilege is claimed are defined as

follows:

An arrangement for producing ice nuclei, 1in particular a
nucleator nozzle,

having a nozzle channel with at least one compressed ailr
inlet opening and with at least one water inlet opening,
and with an outlet opening,

wherein a cross section of the nozzle channel tapers in a
first section in a direction of the outlet opening to a
core diameter, and

wherein the cross section of the nozzle channel
subsequently expands in a second section in the direction
of the ocutlet opening,

wherein the ratio of the cross sectional area of the
outlet opening to the cross sectional area of the nozzle

channel in a region of the core diameter is at least 4:1.

The arrangement as claimed in claim 1, wherein said ratio

1s approximately 9:1.

The arrangement as claimed in claim 1, wherein an angle
of the nozzle channel in the expanding second section

between the taper and the outlet opening is at most 30°.

The arrangement as claimed in claim 3, wherein said angle

is about 10 to 20°.

An arrangement for producing ice nuclei, in particular a
nucleator nozzle, having a nozzle channel with at least
one compressed air inlet opening and with at least one

water inlet opening, and with an outlet opening,
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wherein a cross section of the nozzle channel tapers iﬁ a
first section in a direction of the outlet opening to a
core diameter,and wherein the cross section of the nozzle
channel subsequently expands in a second section in the
direction of the outlet opening,

wherein the nozzle channel in the expanding section is
designed in such a manner that, during operation of the
nozzle, a pressure of less than 0.6 bar is set in the
expanding section, and in that, downstream of the outlet

opening, pressure surges arise in an outflowing medium.

The arrangement as c¢laimed in claim 5, wherein said

pressure is about 0.2 bar.

The arrangement as claimed in any one of claims 1 to 6,
wherein the nucleator nozzle 1s designed as a circular

jet nozzle.

The arrangement as claimed in any one of claims 1 to 6,
wherein the nucleator nozzle is designed as a flat jet

nozzle.

The arrangement as claimed in any one of claims 1 to 8,
wherein the water inlet opening opens laterally into the

nozzle channel.

The arrangement of claim 9, wherein the water 1inlet

opening opens at an angle of about 90° into the nozzle

channel.

The arrangement as claimed in any one of claims 1 to'lO,
wherein for the formation of a mixing chamber, the nozzle

channel has approximately cylindrical section which 1is
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adjoined by the tapering first section, the water inlet

opening being located in the cylindrical section.

The arrangement as claimed in any one of claims 1 to 11,
wherein the nozzle channel i1s configured 1n such a manner
that a dispersed droplet flow can be produced at least 1n
a region of a mixing section in the nozzle channel, thus

resulting in atomization in a region of the outlet

diameter.

The arrangement as claimed in any one of claims 1 to 12,
wherein the nozzle channel is dimensioned as a function
of the water inlet opening and the core diameter in such
a manner that a ratio of the mass flows of air to water

of between 0.3 and 1.9 can be set.

The arrangement as claimed in any one of claims 1 to 13,

wherein the ratio of the cross sectional area of the
nozzle channel in the region of the core diameter to the
cxross sectional area of the at least one water inlef

opening lies within the range of 8:1 to 40:1.

The arrangement as claimed in any one of claims 1 to 14,

wherein the nucleator nozzle 1is predetermined Dy a

component designed as a single piece.

The arrangement as claimed in any one of claims 1 to 15,

wherein it has at least two outlet openings, the outlet

- openings being connected via a channel division to a

common mixing chamber into which air and water for the
air-water mixture can be fed via the at least one
compressed air inlet opening and via at least one water

inlet opening.
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The arrangement of claim 16 wherein it has three outlet

openings.

The arrangement as claimed in claim 16 or 17, whereln

outlet openings are predetermined by nucleator nozzles.

The arrangement as claimed in any one of claims 16 to 18,
wherein the mixing chamber is formed_by an approximately
hollow cylindrical tubular part, the at least one
compressed air inlet opening being arranged on an end

side of the tubular part and the at least one water inlet

opening on a casing side being arranged in or on the

tubular part.

The arrangement as claimed in any one of claims 16 to 19,
wherein the cross sectional area in the region of the
mixing section 1is at most 9 times greater than the
overall cross sectional area of the one or more nucleator

nozzles in the region of the core diameter.

The arrangement of claim 20, wherein the cross sectional
area in the region of the mixing section is about 7 times
greater than the overall cross sectional area of the one
or more nucleator nozzles in the region of the core

diameter.

The arrangement as claimed in any one of claims 1 to 20,
wherein the mixing section is at 1least 3 times the

diameter of the nozzle channel in the region of the

mixing sectlon.
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The arrangement of claim 22, wherein the mixing section
18 greater than 5 times the diameter of the nozzle

channel in the region of the mixing section.

The arrangement of claim 23, wherein the mixing section
18 greater than 12 times the diameter of the nozzle

channel in the region of the mixing section.

The arrangement as claimed in any one of claims 16 to <24,
wherein a filter means i1s arranged at least 1n the region
of the at least one water inlet opening, in particular on

the outer casing of the tubular part.

The arrangement as claimed in claim 25, wherein it has at
least two outlet openings each predetermined by nucleator
nozzles, the outlet openings being connected via a
channel division to a common mixing chamber, and 1n that
a common filter means 1s provided for all of the

nucleator nozzles.
The arrangement of claim 26 with three outlet openings.

The arrangement as claimed in c¢laim 29, wherein the
filter means is a sleeve-shaped filter element which 1s
composed of a wire fabric or wire lattice and is arranged
at a distance around the tubular part in order to form an

annular gap space.

The arrangement as claimed in any one of claims 16 to 28,
wherein in order to bring up the water, sald arrangement
has at least one tubular supply pipe which runs parallel

to the tubular part and is provided with at least one
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passage bore, water being feedable into the at least one

water inlet opening via the passage bore.

The arrangement as claimed in any one of claims 16 to 29,
wherein the tubular part and the nucleator nozzles
assigned to the outlet opénings are oriented

approximately at a right angle to one another.

The arrangement as claimed in any one of claims 1 to 30,
wherein the outlet openings are assigned nucleator
nozzles which are distributed on a circumference about an

axis and which are each directed away radially.

The arrangement as c¢laimed in claim 31, wherein the
nucleator nozzles are fastened or can be fastened to a
head part via a screw connection, the head part having,
in order to form the channel division, a central channel
which runs in the direction of the axis and is divided
into supply channels which are directed away radially
from the axis and are intended for feeding the respective

nucleator nozzles.

The use of an arrangement, in particular of a nucleator

nozzle as claimed in any one of claims 1 to 243, for
producing ice nuclei for a device for producing

artificial snow.

A device for producing artificial snow having at least
one arrangement and in particular having a nucleator

nozzle as claimed in any one of claims 1 to 23.

A snow lance having at least one nucleator nozzle for

producing 1ce nuclel, 1in particular having a nucleator
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nozzle of the arranc=ment as claimed in any one of claims
1l to 23 and having at least one water nozzle,

wherein an ice nuclei Jjet can be produced with the
nucleator nozzle and a droplet jet can be produced with
the water nozzle, said jets, after passing through an 1ice
nuclei section and after passing through a droplet
section, respectively, meeting in a germination zone,
wherein the ice nuclei section is at least 10 cm, and in

that the droplet section is at least 20 cm.

The snow lance of claim 35, wherein the ice nuclel
section is about 20 to 30 cm and/or the droplet section

1s about 40 to 80 cm.

The snow lance as claimed in claim 39, wherein the snow
lance has a lance body with a substantially cylindrical

shape.

The snow lance as claimed in claim 37, wherein the at
least one nucleator nozzle is arranged at an angle of 0
to 45° to a plane perpendicular to the axis of the lance
body in such a manner that the nucleator nozzle 1s
directed radially or obliquely upward away from the lance

vody.

The snow lance as claimed in claim 36 or 38, wherein the:
at least one water nczzle 1s arranged at an angle to a
plane perpendicular to the axis of the lance body and 1s

directed toward the at least one nucleator nozzle.

The snow lance as claimed in any one of claims 35 to 32,
wherein a plurality of nucleator nozzles is distributed

around the circumference of the lance body.
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The snow lance as claimed in any one of claims 35 to 40,
wherein a plurality of water nozzles are distributed

around the circumference of the lance body.

The snow lance as claimed in any one of claims 35 to 41,
wherein the lance body is provided with at least two
groups of water nozzles which are arranged in at least

two different axial positions on the lance body.

The snow lance as claimed in claim 42, wherein all of the
water nozzles of the at least two groups of water nozzles
are oriented in such a. manner that the droplet djets
produced by the water nozzles strike against the ice
nuclei jet only after passing through a droplet section

of at least 20 cm.

The snow lance as claimed in claim 42 or 43, wherein the
respective water nozzles of the at least two groups of
water nozzles are oriented in such a manner that the
droplet jets produced in each case by the water nozzles
strike against the ice nuclei jet in a common germination

Z0ne.

The snow lance as claimed in any one of claims 42 to 44,
wherein at least one group of water nczzles is arranged
pelow the at least one nucleator nozzle, with respect to
the axial positions, and in that at least one additional
group of water nozzles 1s provided, said group being

arranged above the at least one nucleator nozzle.
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The snow lance as claimed in any one of claims 42 to 495,
wherein groups of the water nozzles can Dbe charged

individually with water in the different positions.

The snow lance as claimed in any one of claims 35 to 46,
wherein the at least one nucleator nozzle and the at
least one water nozzle are offset with respect to each

other on the lance body, as seen 1n the circumferential

direction.

The snow lance as claimed in any one of claims 35 to 47,
wherein in order to predetermine a mixing chamber, said
snow lance contains an approximately hollow cylindrical
tubular part to which the at least one nucleator nozzle
is connected, the tubular part being arranged 1in the

lance body axially parallel to the lance body.

A method for ©producing ice nuclei for producing
artificial snow, in particular with a nucleatcr nozzle as
claimed in any one of claims 1 to 32,

wherein a stream of water and compressed alir 1S conducted.
through a nozzle channel which tapers in a first section
to a core diameter and expands in a second section toward
an outlet opening,

wherein the stream is conducted in the expanding section
at a pressure of less than 0.6 bar and

wherein, downstream of the exit from the outlet opening,

pressure surges are produced in the emerging medium.

The method of claim 49, wherein the stream is conducted

at a pressure of 0.2 bar.
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51. A method for producing artificial snow, 1in particular

o2.

S53.

54,

with at least one nucleator nozzle as claimed 1in any one
of claims 1 to 32 and with at least one water nozzle,
wherein a droplet Jjet composed of water droplets 1s
produced with the water nozzle, and wherein an ice nuclei
jet having ice nuclei 1s produced with the nucleator
nozzle,

and wherein the ice nuclei 1jet and the droplet jet are
brdught together in a germination region,

wherein the ice nuclei jet 1s conducted to the
germination region via an ice nuclei section of at least
10 cm and/or in that the droplet jet is conducted to the
germination region via a droplet section of at least

20 cm.

The method as claimed in any one of claims 49 to 51,
wherein, as a function of the wet bulb temperature of the
surroundings, in a first temperature range water droplets

are produced by water nozzles at a first distance from

the nucleator nozzle, and wherein, 1in a second, lower
temperature range, water droplets are additionally
produced by water nozzles which are arranged at a second
distance from the nucleator nozzle, which distance 1is

smaller than the first distance.

The method as claimed in claim 21, wherein the droplet

jet of the additional water nozzles is conducted to a

germination region via a droplet section of at least

20 cm.

The method of claim 51, wherein the ice nuclei section 1s

20 to 30 cm.
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The method of claim 51 or 53, wherein the droplet section

18 40 ¢cm to 80 cm.

The snow lance of claim 43, wherein the droplet section

is 40 cm to 80 cm.
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