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METHOD AND DEVICE FOR PRODUCING 
SNOW 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Section 371 of International 
Application No. PCT/AT2010/000325, ?led Sep. 9, 2010, 
which was published in the German language on Mar. 17, 
2011, under International Publication No. WO 201 1/0291 15 
A2 and the disclosure of which is incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a method and a 
device for producing snow from ?ows of humid air and cold 
an. 

[0003] Traditional snow cannons, which are widely used in 
ski resorts, do not produce snow as such, but only speci?c 
types of snow, mainly corresponding to fully or partly frozen 
water droplets (being called “sleet” or “graupel” when occur 
ring in nature). In natural clouds, snow?akes gradually grow 
in the course of the re-sublimation (i.e., the phase transition 
from vapor phase to solid phase), and only nuclei required for 
the initiation of ice crystal growth can be formed by freezing. 
In traditional snow cannons, water is fed into a nozzle 
together with pressurized air, whereby the water is atomized 
into very ?ne droplets and is released into the surrounding air, 
where, if the ambient temperature is su?iciently low, the 
water will freeze to form ice, which will then fall to the 
ground (see, for example, F. Hahn “Kiinstliche Beschneiung 
im Alpenraum” (“The production of arti?cial snow in the 
Alpine region”), Cipra International, 2004; and M. Meier, 
“Produktion von naturidenti-schem Schnee” (“Producing 
nature-identical snow”), Diploma Thesis, ETH Zurich, 
2006). An improved and modern embodiment of such a snow 
cannon is disclosed by L. Nilsson in European Patent Appli 
cation Publication EP 1,710,519 A1, for example, while 
European Patent Application Publication EP 1,065,456 A1 
describes a snow cannon which is operated within a closed 
space, such as in a tent, in order to make it possible to in?u 
ence the characteristics of the ?ow of cold air. US. Pat. No. 
3,257,815 describes a device for producing snow from atom 
ized water and cold air, wherein the water mist which is 
falling down is frozen by contacting cold air rising from the 
bottom; the arti?cial snow is then released at the bottom end 
of the device. 
[0004] However, arti?cial snow produced in this way, as 
well as ski slopes covered with this kind of arti?cial snow, 
have several drawbacks. First, the amounts of energy required 
for the production of this kind of arti?cial snow and the 
emission of noise during the production procedure are enor 
mous. Second, the ice crystals so formed are simply not 
snow?akes but frozen ice droplets. This results in an 
increased risk of injury for skiers and snowboarders, if they 
fall over on such icy slopes, as well as an impairment of the 
skiing/snowboarding experience, as most skiers and snow 
boarders prefer freshly fallen snow, i.e., slopes with a cover of 
loose, soft, “?uffy” snow having a low density, which is also 
referred to as “dendritic snow.” Additionally, such arti?cial 
divergence of the snow cover properties from the natural 
ones, formed from clouds, often implies an additional pres 
sure on the environment, which, however, is not yet fully 
understood as there are very few environmental studies on 
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this topic (see, for example, C. Rixen, V. Stoeckli, W. 
Ammann, “Does arti?cial snow production affect soil and 
vegetation of ski pistes? A Review,” Perspectives in Plant 
Ecology, Evolution and Systematics, 5(4): 219-230 (2003)). 
[0005] In nature, such dendritic snow?akes are formed 
while they are ?oating in the high air layers of the atmosphere 
and probably while they fall down from great altitudes, when 
ice crystals formed from air being supersaturated with water 
vapor are slowly growing into dendrites or similar snow crys 

tals (see C. Fierz, R. L.Armstrong, Y. Durand, P. Etchevers, E. 
Greene, D. M. McClung, K. Nishimura, P. K. Satyawali, S. A. 
Sokratov, “The International Classi?cation for Seasonal 
Snow on the Ground,” IHP- VII Technical Documents in 
Hydrology, No. 83, IACS Contribution No. 1, UNESCO-IHP, 
Paris, 2009). This growing process, however, takes several 
minutes, which is why, so far, approaches for producing arti 
?cial or even nature-identical snow did not succeed in pro 
ducing any dendritic snow at all or only yielded a few grams 
thereof. 

[0006] Japanese patent application publication JP 46-7151 
A also describes a method for producing snow using water 
mist and cold air. In this case, sleet and ice crystals are 
produced in the ?rst of two freezing chambers which are kept 
at a temperature of —35 to —30° C. The sleet mixture is kept 
?oating for several minutes in both chambers by a ?ow of cold 
air, which is blown in from the bottom, and is converted into 
“snow” in the second chamber. The thus obtained snow is 
moved to a third chamber, which is kept at a temperature of 
—1 5 to —200 C. by blowing down cold air onto the snow from 
above, in order to prevent the snow from being reconverted 
into ice, where it is stored. 

[0007] In this case, the sleet, i.e. ice grains, obtained by this 
method may agglomerate to form larger crystal structures in 
the course of the “conversion phase” which lasts several min 
utes. However, the formation of the above described “?uffy” 
or dendritic snow is not possible in this case either, because 
this type of snow is only produced from an atmosphere over 
saturated with vapor. It is not possible to create such an 
atmosphere by the method according to JP 46-7151 A in the 
?rst place: because of the low temperature (—35 to —30° C.) in 
the ?rst freezing chamber, the water droplets spontaneously 
freeze into ice droplets and sleet. Subsequently, the humidity 
in each chamber will correspond to the respective tempera 
ture therein, but it will not be possible to achieve an oversatu 
ration of the atmosphere, especially because the atmosphere 
is not further cooled in the subsequent chambers, but also 
additional non-humidi?ed “dry” air is supplied and, in the 
third chamber, signi?cantly warmer air is used. 

[0008] Russian published patent application 1,617,272 A1 
describes a “snow generator,” in which a ?ow of cold air is 
divided, so that one of the partial air ?ows passes through a 
humidi?er and is afterwards additionally contacted with 
water mist while moving upwards into a snow production 
chamber. This partial air ?ow, which contains both vapor and 
water droplets and which has been warmed due to the contact 
with water, is mixed with the second partial ?ow of cold air, 
which creates an atmosphere oversaturated with vapor, and 
?rst snow starts to form. Then, the combined air ?ow passes 
through the production chamber where it is further cooled by 
cooling tubes in order to form more snow. After that, the snow 
is blown out into a cyclone, where it is deposited and thus 
separated from the air ?ow, which is recycled to provide the 
?ow of cold air. Concerning the residence time of the snow 
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thus obtained in the production chamber or concerning its 
structure, no information is given. 
[0009] For this reason, it may be assumed that the Water 
droplets present in the partial ?oW of humidi?ed air again 
become sleet, When the ?oW of humidi?ed air is mixed With 
the ?oW of cold air, the sleet increasing in siZe When passing 
through the production chamber, due to Water molecules pre 
cipitating from the oversaturated atmosphere. As there are no 
measures for increasing the residence time in the production 
chamber, it Will again not be possible to produce “?uffy,” 
dendritic snoW using this device. 
[0010] M. Meier, supra, describes an approach for produc 
ing nature-identical snoW using a “snoW machine” in Which 
cold air is bloWn over a heated Water basin Within a cooled 
closed space, Which causes the air to take up moisture. The air 
is then cooled While it rises and thus becomes supersaturated 
With Water. In the top area of the machine, the Water con 
denses on nylon threads, Which leads to the groWth of snoW 
crystals thereon. As soon as these crystals have reached a 
certain siZe, they fall doWn from the threads and are collected 
in a draWer positioned underneath. The snoW-?akes may have 
a more or less dendritic structure, but even When the experi 
ment is carried out for several hours, no more than 1 to 2 kg 
snoW can be produced. This means that this device is not 
suitable for producing snoW for ski slopes. 
[0011] European Patent Application Publication EP 609, 
140 Al discloses the production of snoW Within a closed 
tunnel in Which the snoW circulates and Which may therefore 
be used as a snoW channel for testing various materials and 
articles under the in?uence of snoW fall. Except for its mois 
ture content, the characteristics of the thus obtained snoW are 
not described, and the device described therein is not suited 
for the production of snoW for ski slopes either. 

BRIEF SUMMARY OF THE INVENTION 

[0012] Against this background, it Was the aim of the 
present invention to provide a method and a device for pro 
ducing snoW being as nature-identical as possible, i.e. sub 
stantially dendritic, Which method and device may be carried 
out or operated, respectively, in an energy saving manner and 
are suitable for use for ski slopes. 

[0013] In a ?rst aspect, the present invention reaches this 
aim by providing a method for producing substantially den 
dritic snoW, the method comprising the folloWing steps: 
[0014] a) feeding a ?oW of humid and a ?oW of cold air into 
a substantially closed space in order to mix the tWo air ?oWs 
therein, thus forming an atmosphere supersaturated With 
Water Within the space; 
[0015] b) forming ice crystals and alloWing snow?akes to 
groW from the supersaturated atmosphere Within the sub stan 
tially closed space While keeping the groWing ice crystals and 
snoW?akes ?oating therein and alloWing them to groW for a 
predetermined period of time Which is su?icient to obtain 
snoW?akes of a prede?ned siZe; 
[0016] the condition of ?oating being achieved by moving 
the groWing ice crystals and snoW?akes, on average, along a 
sub stantially helical trajectory by the air ?oW, Which results in 
the snoW?akes being distributed according to their siZe along 
the substantially helical trajectory; 
[0017] c) releasing the snoW?akes having the prede?ned 
siZe after the predetermined period of time by a carrier air 
?oW through a release opening of the substantially closed 
space. 
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[0018] By keeping the groWing ice and snoW crystals ?oat 
ing Within the substantially closed space, Water vapor is 
enabled to continuously re-sublimate (deposit) from the 
supersaturated atmosphere onto the surface of the crystal 
nuclei and then onto the surface of groWing crystals, Which 
enables the crystals to groW into snoW?akes of a desired siZe. 
Hence, the siZe of the snoW?akes mainly depends on the 
period of time provided for their groWth. Thus, the method of 
the invention makes it possible to simulate the conditions 
snoW?akes are subjected to in nature and to produce snoW 
Which is as nature-identical as possible. Additionally, com 
pared to the operation of traditional snoW cannons, the 
present invention signi?cantly reduces the amount of energy 
required for producing a certain amount of snoW, and the 
emission of noise is practically entirely eliminated. 
[0019] Due to the fact that the air ?oW moves the ice and 
snoW crystals along a substantially helical trajectory, the dis 
tance covered by the crystals Within the substantially closed 
space is many times greater than the distance covered When 
using an uncontrolled air current, Which alloWs for a signi? 
cantly increased residence time. 
[0020] The period of time required for obtaining snoW 
?akes of the prede?ned size, eg for obtaining the above 
described dendritic snoW, depends, among other things, on 
the shape and the dimensions of the substantially closed 
space, the supply rates of the tWo air ?oWs, their temperatures, 
and the moisture content of the humid air, and has to be 
determined empirically for each individual case When imple 
menting the method of the invention. Of course, economic 
considerations Will play a role in this connection. In order to 
obtain large, voluminous snoW?akes, i.e. substantially den 
dritic snoW?akes, as they can be found in nature, by the 
method of the invention, the predetermined period of time in 
step b) preferably amounts to at least about 5 min, more 
preferably to at least 10 min or at least 15 min. This means that 
the prede?ned siZe in step b) preferably is in the order of 
dendritic snoW?akes. Moreover, the method of the invention 
preferably produces snoW having a density of less than 200 
kg/m3, Which is perfectly suited as a material for arti?cial 
snoW covers for ski slopes. 

[0021] The phrase that the air ?oW moves the groWing ice 
crystals and snoW?akes “on average” along a substantially 
helical trajectory in step b) means that the snoW?akes and ice 
crystals, Which are Whirled up and transported by the com 
bined air ?oW and Which, of course, are not all transported on 
an imaginary helical trajectory, move through the substan 
tially closed space in such a Way that the mass ?oW resulting 
from the individual movements of the snoW?akes folloWs a 
substantially helical trajectory. Whether this mass movement 
closely corresponds to a helical form or not, of course, also 
depends on the sectional shape of the substantially closed 
space. It is clear that the movement comes closest to the 
helical form in the case of circular sections. 

[0022] It is noted that the snoW?akes’ Weight increases 
When they groW, but, at the same time, their speci?c surface 
area gets larger, so that they are more easily transported and 
carried aWay by the air. For this reason, While they are ?oating 
and moving along the substantially helical trajectory Within 
the substantially closed space, the groWing snoW?akes are 
distributed in a Way that, in the case of an upWard helical 
movement, larger ?akes are found at greater heights, While 
smaller ?akes and ice crystal nuclei are found at loWer 
heights. In the topmost area of the substantially closed space, 
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the snow?akes have substantially reached the size and shape 
of nature-identical dendritic snow?akes. 
[0023] In the course of step a) of the method of the inven 
tion, one or more additives for supporting the formation/ 
growth of crystals in step b) are preferably supplied together 
with the ?ow of humid air and/or with the ?ow of cold air, 
whereby these two processes can be signi?cantly accelerated, 
which increases the cost effectiveness of the method. 
[0024] Preferably, ice crystal nuclei are supplied as addi 
tives together with the ?ow of humid air and/or with the ?ow 
of cold air in order to initiate the formation of ice crystals 
and/ or to promote the growth of ice crystals. Additionally or 
alternatively, one or more foaming agents for producing air 
bubbles, on the surface of which the formation of ice crystals 
is initiated, may be supplied. In this way, the amount of snow 
produced per time unit, i.e., the density of the snow?akes in 
the atmosphere of the substantially closed space, can be 
increased. 
[0025] The way in which the ice crystals and snow?akes are 
kept ?oating and their movement on the substantially helical 
trajectory is achieved in step b) is not subject to any particular 
limitations. In preferred embodiments, at least one of the two 
?ows of humid and cold air is fed into the substantially closed 
space from below at an oblique angle. Alternatively or addi 
tionally, at least one of the two ?ows of humid and cold air is 
laterally supplied to the substantially closed space. 
[0026] More preferably, at least one of the ?ows of humid 
and cold air in step a) is fed in a substantially tangential 
direction into a substantially closed space that is conical, 
which makes it easier to obtain a rotational movement and, at 
the same time, initiates an upward movement, which results 
in the desired helical trajectory. 
[0027] According to the invention, a combination of lateral 
and bottom air ?ow supplies, i.e., supplying at least one air 
?ow from below at an oblique angle and at least one air ?ow 
laterally, especially in a tangential direction into a conical 
space, is particularly preferred in order to create a stable 
upward rotational movement and to be in the position to 
control this movement by an adequate adaptation of the vol 
ume ?ows. In this way, the residence time of the snow?akes 
produced by the method of the invention and the thus obtain 
able siZe of the same can be controlled. 

[0028] It is not decisive which air ?ow is supplied from the 
bottom and which one is supplied laterally. Due to the fact that 
warm air rises, while cold air sinks, a ?ow of cold air will 
rather be supplied laterally, while a ?ow of humid air, which, 
compared to the ?ow of cold air, is warmer, will be supplied 
from the bottom. An embodiment of the method in which both 
humid air and cold air are supplied both laterally and from the 
bottom is especially preferred. In this way, multiple sites for 
the formation of crystal nuclei are provided, which increases 
the number of snow?akes produced per time unit and thus the 
density of snow?akes in the atmosphere within the substan 
tially closed space. 
[0029] As an alternative or in addition to the above meth 
ods, the growing snow?akes in step b) may also be trans 
ported along the substantially helical trajectory by one or 
more fans provided in the substantially closed space. Such 
fans preferably only support the air movements created by the 
way in which the air ?ows are supplied into the space, or, 
considering the additional energy they would require, are not 
provided at all. 
[0030] The temperature of the ?ow of cold air in step a) is 
only subject to the limitation that it has to be below 0° C. 
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Preferably, however, the temperature is in the range of —100° 
C. to —5° C., more preferably in the range of-20o C. to —5° C. 
The cold air may be pre-cooled in order to obtain the desired 
temperature, or it may simply be ambient air that is supplied 
as the ?ow of cold air, if it has the required temperature below 
the freeZing point. Of course, the latter way is preferred due to 
the lower consumption of energy. 
[0031] According to the present invention, the temperature 
of the ?ow of humid air in step a) is not subject to any 
particular limitations. Preferably, a compromise is struck 
between a higher temperature at which the degree of the air’s 
saturation with water is higher and a lower temperature at 
which the amount of cold air required for obtaining a tem 
perature below 0° C. within the substantially closed space is 
lower. The temperature of the ?ow of humid air, thus, prefer 
ably is in the range of —5° C. to +100 C. 
[0032] An embodiment of the invention in which the ambi 
ent air is separately moistened and supplied into the substan 
tially closed space as the ?ow of humid air is preferred. The 
supplied humid air is preferably warmed before or while 
moisture is added thereto in order to raise the water saturation 
point. This way of supplying water is not subject to any 
particular limitations. Preferably, the water is absorbed when 
an air ?ow is blown over an open water container and/or 
through a water container. In both cases, the water container 
may be heated. 
[0033] In preferred embodiments of the invention, the sur 
face of the substantially closed space is at least partially 
cooled and/ or heated in order to speci?cally prevent or pro 
mote the condensation of water in certain areas of the surface. 
The top area of a conical space, in which mainly larger snow 
?akes are to be found, may, for example, be cooled in order to 
prevent these larger ?akes from condensing. 
[0034] The energy used for heating the surface of the sub 
stantially closed space, the ?ow of humid air, or the water 
container, preferably is the waste heat resulting from a cool 
ing process carried out as part of the method, eg from the 
above-mentioned cooling of the surface or from the addi 
tional cooling of the cold air. In this way, the energy required 
for carrying out the method can be further reduced. 
[0035] In step c) of the method the snow?akes are prefer 
ably released from the substantially closed space together 
with the carrier air ?ow through a noZZle in order to accelerate 
the snow?akes to the required speed, so that it is possible to 
cover the area around the production site with the snow pro 
duced by the method of the invention. In particularly pre 
ferred embodiments, the snow?akes are released through a 
Venturi noZZle which is operated using a ?ow of ambient air, 
by which a negative pressure is created in the top area of the 
substantially closed space, the negative pressure sucking the 
snow?akes present in the top area, ie snow?akes of the 
prede?ned siZe, into the noZZle. 
[0036] However, in step c) the snow?akes can also be 
released into a storage container in order to store them for any 
later application, eg for covering ski slopes with snow or for 
the preservation of food. To the latter end, it is preferred to use 
steriliZed water for the generation of the ?ow of humid air. 
[0037] In a second aspect, the present invention provides a 
device for producing substantially dendritic snow by carrying 
out the method of the ?rst aspect, the device comprising at 
least one substantially closed chamber which in turn com 
prises: 
[0038] at least one supply line for a ?ow of humid air and at 
least one supply line for a ?ow of cold air; 
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[0039] three Zones being in ?uid communication With one 
another, namely: a mixing Zone, into Which at least one sup 
ply line for humid air and at least one supply line for cold air 
lead, for mixing the ?oWs of humid and cold air and, option 
ally, for forming ice crystal nuclei; a groWth Zone for snoW 
?akes; and a release Zone Where the produced snow?akes are 

released; 
[0040] means for transporting the ice crystal nuclei and 
snoW?akes along a substantially helical trajectory, Which 
means are provided in at least one Zone; and 
[0041] a release opening Which is in ?uid communication 
With the release Zone. 

[0042] In such a device Which is divided into the above 
mentioned three Zones, the above-described method of the 
invention may be carried out in an especially advantageous 
manner. In this connection it is noted that this “division” does 
not necessarily refer to a spatial separation and that a “Zone” 
does not necessarily constitute a spatially separated area. A 
“Zone” may thus also only refer to an area of the space Within 
a chamber in Which mainly one of the processes being part of 
the inventive method, i.e. the mixing of the air ?oWs, the 
groWing of snow?akes, and the release of the snoW?akes via 
the release opening, is taking place. This means that all three 
Zones may also be provided Within a single, substantially 
closed chamber, Without being clearly delineated, i.e. Without 
any physical boundaries. 
[0043] Alternatively, a separate substantially closed cham 
ber for each of the three Zones, or a chamber for tWo of the 
three Zones and a second chamber for the third Zone, may be 
provided. The device may comprise several substantially 
closed chambers Which may be connected in series or in 
parallel, each of the chambers comprising either all three 
Zones or only one or tWo of the Zones. If one chamber com 

prises more than one Zone, different built-in ?ttings may be 
provided for partially separating the Zones. HoWever, it is 
preferred that all three processes are carried out Within one 
single chamber. 
[0044] The type(s) and shape(s) of the chamber(s) is (are) 
not subject to any particular limitations. According to the 
present invention, the ?oWs of humid and cold air may also be 
introduced into a single tubular chamber Which is helically 
Wound upWards or doWnWards, Which makes the combined 
air ?oW, on average, folloW the desired helical trajectory. As 
such a tubular chamber Would be required to be very long in 
order to produce substantially dendritic snoW?akes, such 
embodiments are not preferred, While chambers having a 
signi?cantly loWer aspect ratio betWeen length and height, 
eg an aspect ratio <10: 1, are preferred. 
[0045] The means for moving the ice crystal nuclei and 
snoW?akes along a substantially helical trajectory are not 
subject to any particular limitations, so that it is possible to 
use any air ?oW control means such as fans, various ?ttings, 
e.g. de?ector plates, ridges, and grooves in the inner surface 
of the chamber(s). HoWever, it is preferred to use at least one 
air supply line and/or at least one air ?oW control means, 
preferably a fan, as such means. It is especially preferred to 
exclusively use one or more air supply lines as the inventive 
means for moving the ice crystal nuclei and snoW?akes along 
a substantially helical trajectory, Which Will be explained in 
further detail beloW. 
[0046] The substantially closed chamber or, if the device 
comprises more than one chamber, one or more substantially 
closed chambers, preferably is/are conical at least in the area 
of the release Zone in order to create a stable, substantially 

Aug. 2, 2012 

helical air movement toWards the release opening. Altema 
tively or additionally, such chambers may also be conical in 
the areas of the groWth Zone and the release Zone in order to 
provide a stable, substantially helical movement in these 
areas so as to alloW for a more precise control of the residence 

time of the snoW?akes in the individual Zones. For the same 
reason, such a chamber preferably is entirely conical. 

[0047] As has already been described in connection With 
the method of the present invention, at least one supply line 
for humid air and/ or at least one supply line for cold air 
enter(s) the mixing Zone from beloW at an oblique angle in 
order to cause the substantially helical movement of the air 
Within the chamber and thus to serve as the means for moving 
the ice crystal nuclei and snoW?akes along a substantially 
helical trajectory. Alternatively or additionally, in preferred 
embodiments, at least one supply line for humid air and/or at 
least one supply line for cold air laterally enter(s) the mixing 
Zone and/or the groWth Zone. It is especially preferred that at 
least one supply line for humid air and/ or at least one supply 
line for cold air enter(s) a conical mixing Zone and/or groWth 
Zone in a substantially tangential direction, Which provides 
for a substantially helical trajectory With a loW pitch and thus 
for an extended residence time of the snoW?akes Within the 
chamber. On the other hand, at equal residence times, the 
height of the chamber required for obtaining substantially 
dendritic snoW?akes may be reduced by choosing a loW pitch. 
[0048] The release opening preferably is a noZZle, more 
preferably a Venturi noZZle, in order to provide the snoW?akes 
produced in the device of the invention With a suf?ciently 
high speed for them to cover the surrounding area, especially 
by being sucked into the noZZle in the release Zone by the 
negative pressure created by the Venturi noZZle. The Venturi 
noZZle is preferably operated With ambient air. 
[0049] The type and position of the supply lines for humid 
and cold air are not subject to any particular limitations. Both 
air ?oWs are preferably pumped into the device at a de?ned 
?oW rate in order to alloW for a precise control of the resi 
dence time of the snoW?akes. Moreover, the entry points of at 
least one supply line for humid air and of at least one supply 
line for cold air are substantially positioned next to each other, 
forming an angle of <l80°, more preferably an angle of 90°, 
in order to make the air ?oWs ?oW toWards each other so as to 
mix them and to make the resulting air mixture simulta 
neously ?oW aWay in a de?ned direction. Alternatively or 
additionally, the entry points of at least one supply line for 
humid air and of at least one supply line for cold air may be 
positioned opposite each other, forming an angle of 180°, 
Which results in a more intimate mixing Within a smaller area 
of the mixing Zone. 

[0050] In a preferred embodiment, one of at least one sup 
ply line for humid air and at least one supply line for cold air 
is positioned Within the other, preferably concentrically, both 
supply lines having a common point of entry into the cham 
ber. This embodiment also results in an intimate mixing of the 
tWo air ?oWs immediately after they have entered the mixing 
Zone of the chamber and, additionally, offers the possibility of 
a heat exchange betWeen the tWo air ?oWs via the Walls of the 
inner supply line. In such embodiments, the inner one of the 
tWo supply lines, positioned one Within the other, preferably 
ends before the common point of entry into the chamber, 
more preferably a short distance, eg a feW centimeters, 
before the chamber, in order to achieve partial mixing of the 
tWo air ?oWs already before their entry into the chamber. 
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[0051] According to the present invention, one or more 
parts of the device, preferably the outer wall(s) of the chamber 
and/ or the supply lines for the cold air, may be provided with 
a cooler and/or a heater. As already described above in con 
nection with the method of the present invention, provides, 
for example, for a possibility of cooling the outer wall of the 
chamber in order to prevent the snow?akes from sticking or 
melting thereon. Or the supplied air ?ows may be cooled or 
heated before entering the chamber in order to cool or heat 
them to the temperature which is best suited for their entry 
into the chamber. It is especially preferred to provide at least 
one heater for heating the supplied humid air. This heater 
may, for example, consist in a heated water container through 
which or over which the air, e. g. ambient air, is blown in order 
to load it with moisture. 
[0052] Generally, the cooler and heater, which are option 
ally used in the method and the device of the present inven 
tion, are not subject to any particular limitations. For those 
skilled in the art, i.e. experts in the construction of machinery 
and plants, it will not constitute a problem to select the solu 
tion which is best suited for the respective purpose, also 
considering the respective energy requirements. Especially 
for the cooling of the outer wall of the chamber, a cooling 
jacket or a cooling fan may be used. The supply lines for the 
air ?ows may, for example, also be cooled by a cooling jacket 
or by simply covering them with snow. Preferably, a combi 
nation of cooler and heater is applied by using the waste heat 
of a cooler for heating another part of the device in order to 
increase its energy ef?ciency. In a similar way, the water used 
to humidify the humid air ?ow can be either supplied at a 
temperature around 0° C. or warmed to any desired tempera 
ture with minimal energy requirements, i.e. by using such 
waste heat. 
[0053] An especially preferred embodiment of the inven 
tive device is transportable in order to make it possible to use 
the same device for consecutively producing snow for differ 
ent sections of one ski slope. To this end, the at least one 
chamber is, at least partially, made of a light-weight material 
which is selected from cloth, canvas, and plastic. 
[0054] Moreover, the at least one chamber is preferably at 
least partially made of and/or lined with a material which 
inhibits the growth of ice crystals. For this purpose, mainly 
hydrophobic materials such as plastics, especially silicones 
or silicone-covered materials, may be used. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

[0055] The foregoing summary, as well as the following 
detailed description of the invention, will be better under 
stood when read in conjunction with the appended drawings. 
For the purpose of illustrating the invention, there are shown 
in the drawings embodiments which are presently preferred. 
It should be understood, however, that the invention is not 
limited to the precise arrangements and instrumentalities 
shown. In the drawings: 
[0056] FIG. 1 is a schematic vertical sectional view of an 
embodiment of the device of the present invention; 
[0057] FIG. 2 is a schematic top view of the embodiment of 
FIG. 1; 
[0058] FIG. 3 is a schematic vertical sectional view of 
another embodiment of the device of the present invention; 
[0059] FIG. 4 is a schematic vertical sectional view of a 
further embodiment of the device of the present invention; 
and 
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[0060] FIGS. 5-7 are ?ow diagrams showing different 
embodiments of the way in which the ?ows of humid and cold 
air may be positioned in relation to one another. 

DETAILED DESCRIPTION OF THE INVENTION 

[0061] FIG. 1 shows a schematic vertical sectional view of 
a preferred embodiment of the device of the present invention 
for carrying out the method of the present invention. The 
device comprises a single substantially closed chamber 
which comprises three Zones 4, 5, and 6, supply lines for 
humid air 1 and for cold air 9 entering the mixing Zone 4. For 
the cold air, several supply lines are provided, which may, for 
example, be implemented in the form of one line with several 
outlets immediately below the chamber. 
[0062] As the ?ow of humid air, for example, it is possible 
to use ambient air which is loaded with moisture before 
entering the chamber, eg by blowing the air ?ow over or 
through a water basin, optionally while additionally warming 
the air ?ow and/ or the water. According to the research results 
of the inventors, the temperature of the ?ow of humid air 
should not increase to more than about +10o C. in order to 
prevent the need for an excessively large volume of cold air 
for obtaining a temperature below 0° C. within the chamber. 
To ensure that the air ?ow has suf?ciently high moisture 
content for producing as large an amount of snow as possible 
per air volume unit, the temperature should not normally be 
lower than —5° C. either. 
[0063] However, it is also possible to exchange the ?ows of 
humid and cold air in FIG. 1, so that the numeral 9 would refer 
to the supply line for humid air, while 1 would refer to the 
supply line for cold air. In this case, an optionally heated 
water container could be provided immediately below the 
chamber, through which container ambient air is blown 
before entering the chamber as a ?ow of humid air, while cold 
air is laterally supplied. 
[0064] In any case, if the two air ?ows are supplied in the 
way shown in the ?gure, both an upward and a rotational 
movement, and thus a substantially helical movement, are 
caused within the chamber which, above the mixing Zone 4, is 
provided in a shape tapered towards the top. This means that, 
in the areas of the growth Zone 5 and the release Zone 6, the 
chamber is conical, which promotes the substantially helical 
movement of the atmosphere therein and allows for a more 
precise control of the residence time of the snow?akes grow 
ing therein. 
[0065] The optimum relation between the two air ?ows has 
to be selected depending on the structural implementation of 
the device of the present invention and the air temperatures. 
The only important things are that the air ?ows are mixed 
thoroughly and that the air temperature within the chamber is 
below the freeZing point. 
[0066] In FIG. 1 a spatial separation, which may consist of 
a perforated metal plate or the like and may result in a more 
thorough mixing of the two air ?ows in the mixing Zone 4 and, 
occasionally, in the formation of a higher number of crystal 
nuclei, before the air mixture with the snow?akes growing 
therein enters the growth Zone, is provided between the Zones 
4 and 5. The formation of crystal nuclei usually occurs spon 
taneously when humid air and cold air meet, due to the air’s 
resulting oversaturation with water. As has already been men 
tioned, different additives may be supplied to the chamber 
together with one or both of the two air ?ows in order to 
facilitate the formation of crystal nuclei. Of course, the envi 
ronmental compatibility of such optional additives has to be 



US 2012/0193440 A1 

taken into account. Preferably, mainly additional ice crystal 
nuclei are supplied together with the cold air in order to obtain 
a higher density of growing snow?akes. 
[0067] After the transition into the growth Zone 5, addi 
tional water condenses from the over-saturated air in the form 
of ice crystals which adhere to the crystal nuclei and the 
growing snow?akes and thus gradually form voluminous and 
thus substantially dendritic snow?akes. The required period 
of time depends, among other things, on the moisture content 
of the air, the temperature of the air mixture, the density of the 
crystal nuclei and the growing snow?akes in the atmosphere 
within the chamber, and the rate of movement within the 
chamber, and usually amounts to between 5 and 15 minutes. 
The throughput of the method of the present invention and 
thus of the device of the present invention, i.e. mainly the 
volume of the two air ?ows supplied per time unit, has to be 
regulated in order to make sure that the snow?akes are 
allowed to grow within the device for a predetermined period 
of time, so that snow?akes of a desired siZe can be released. 
This period of time has to be determined empirically for every 
embodiment of the device of the present invention. However, 
in order to produce a cover of loose, substantially nature 
identical, low density snow, the period of time should amount 
to at least 5 minutes, more preferably to at least 10 minutes, 
and especially to at least 15 minutes. 

[0068] As already mentioned, due to their larger surface, 
larger snow?akes are more easily carried away and trans 
ported by the air and, with increasing siZe, cover an ever larger 
distance on the substantially helical trajectory, ie they are 
found ever closer to the top of the chamber in the embodi 
ments shown in the ?gure. When they have reached the 
desired siZe, they enter the release Zone 6. They are sucked out 
of the release Zone 6 by the Venturi noZZle 7 shown in FIG. 1 
and are then released from the chamber. In the embodiment in 
FIG. 1 in which no spatial separation is provided between the 
growth Zone 5 and the release Zone 6, this means that the 
release Zone 6 starts in an area where the negative pressure 
created by the noZZle 7 is su?iciently high for sucking out the 
snow?akes. 

[0069] The Venturi noZZle 7 is preferably operated with a 
?ow of ambient air 2 which is optionally pre-cooled, which, 
however, is not preferred as it results in an increase of the 
energy required. The resulting carrier air ?ow 3 transports the 
snow?akes out of the device where they form a snow cover 
around the device. On the one hand, the pressure of the noZZle 
air ?ow 2 has to be selected adequately to make sure that only 
snow?akes of the prede?ned siZe are sucked in by the result 
ing negative pressure, ie to make sure that the release Zone 6 
does not extend to far down in the device. On the other hand, 
the pressure has to be su?iciently high for transporting the 
snow?akes with the carrier air ?ow 3 over an adequate dis 
tance away from the device in order to make it possible to 
cover with snow as large an area as possible around the 
device. 

[0070] As already mentioned, the material the chamber is 
made from is not subject to any particular limitations. Pref 
erably, it is a light-weight material such as cloth, canvas, or 
plastic, a plastic ?lm material, for example, in order to make 
the device transportable, and/ or a material which inhibits the 
growth of ice crystals on the walls. Additionally, some areas 
of the device may be lined with the latter material. Moreover, 
as described above, some areas of the device may be cooled 
and/ or heated, if desired. 
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[0071] FIG. 2 is a schematic top view ofthe device of FIG. 
1, showing that the air ?ow 1 is supplied in a substantially 
tangential direction into the chamber, which favors the cre 
ation of a stable helical movement. 

[0072] FIG. 3 shows a schematic vertical sectional view of 
another embodiment of a device of the present invention for 
carrying out the method of the present invention. This ?gure 
shows two supply lines, one for humid air 1 and one for cold 
air 9, leading into a cylindrical chamber with a dome-shaped 
top part (again, it is possible to exchange the positions of these 
supply lines). In this case, the chamber comprises two mixing 
Zones 4, which means that some of the snow?akes which have 
grown in the lower mixing Zone 4 and have already moved to 
the growth Zone 5 are contacted with additional smaller crys 
tals having been generated in the upper mixing Zone 4. This 
triggers a second burst of growth, which results in a more 
rapid formation of larger snow?akes as well as in a higher 
?ake density in the atmosphere within the chamber. 
[0073] As the chamber is dome-shaped, the release Zone 6 
does not extend as far down into the chamber as described for 
the conical embodiment, which, if the chamber volume and 
the noZZle pressure are the same, results in a longer residence 
time of the snow?akes within the chamber. 
[0074] FIG. 4 is a schematic vertical sectional view of a 
further embodiment of a device of the present invention for 
carrying out the inventive method. In this case, three cham 
bers 15, 16, and 17 are provided, each of which comprises a 
supply line 1 for humid air and a supply line 9 for cold air, the 
chambers 15, 16, and 17 being connected in series. This 
means that a snow?ake growth mixture formed in chamber 15 
is transferred to chamber 16 and, subsequently, to chamber 
17, so that in both chambers such a mixture is formed, too. For 
this reason, each of the three chambers comprises a mixing 
Zone, a growth Zone, and a release Zone (not shown), the 
release Zones of the ?rst two chambers 15 and 16 being 
limited to a very small area around the outlet of the respective 
chamber and the inlet of the transfer line leading into the next 
chamber. Only the last chamber 17 which is provided with a 
Venturi noZZle as a release opening 7 has a release Zone 
which, due to the Venturi effect of the noZZle, extends further 
down into the chamber and from which snow?akes having the 
prede?ned siZe are sucked into the noZZle. 
[0075] The effect of such a three-stage device is similar to 
the effect which has been described above referring to FIG. 3: 
In the two subsequent chambers 16 and 17, two additional 
bursts of growth are triggered within the air mixture formed in 
the ?rst chamber 15. Moreover, it is possible to produce a 
greater number of snow?akes, ie a larger amount of snow, 
than in just one chamber. In FIG. 4, the dimensions of the 
three chambers are the same, they can, however, be freely 
chosen in such embodiments. This means that, for example, 
the ?rst chamber 15 may be relatively large, while the subse 
quent two chambers 16 and 17 are smaller, and vice versa. 

[0076] Moreover, the chambers may have the same or dif 
ferent sections, and the relation between the volume ?ows of 
the ?ow 1 of humid air and of the ?ow 9 of cold air may be the 
same or different in the chambers. Apart from that, it is 
possible to supply only one of the ?ows to the second and all 
subsequent chambers, for example only cold air 9 in order to 
decrease the temperature of the air mixture in the device in the 
course of procedure, or only humid air 1 in order to increase 
the moisture content within the device. 
[0077] While the three chambers in FIG. 4, for reasons of 
simplicity, are illustrated in a rectangular shape, all of them, 
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especially chamber 17, preferably have a circular section and 
a conical, upward tapered shape, in order to facilitate a helical 
movement of the air ?ow. Apart from that, in FIG. 4, the 
supply lines 1 and 9 are shown to enter the chambers at right 
angles, but at least one of the supply lines should enter the 
respective chamber at an oblique angle in order to guarantee 
the generation of the helical movement. If the chambers are 
constructed in the way shown in FIG. 4, one or even several 
additional air ?ow control units such as fans and lateral 
de?ector plates would be required per chamber, in order to 
provide the desired helical movement. 
[0078] According to the present invention, the chambers, 
which can be arbitrarily dimensioned, may be combined in all 
possible ways and connected in series or in parallel in order to 
reach the goals of the present invention, i.e. especially the 
production of snow which is as nature-identical as possible. 
What is important is that the growing snow?akes are kept 
?oating in an oversaturated atmosphere, while they move 
along the helical trajectory, until their siZe has reached the 
prede?ned value. 
[0079] FIGS. 5 to 7 show three possible ways in which the 
two ?ows, one of humid air and one of cold air, can be mixed. 
In FIG. 5, the supply lines 1 and 9 form an angle of about 90°, 
so that, in addition to being mixed when they meet, the air 
?ows are directed into a de?ned direction, which, in this case, 
is the direction of the angle’s bisector, if the volume ?ows are 
equal. 
[0080] In FIG. 6, the two supply lines 1 and 9 form an angle 
of 180° and are facing each other, the supply line 9 having a 
signi?cantly larger diameter than the supply line 1. Depend 
ing on the pressure conditions, this can result in a larger 
volume of one air ?ow (in this case: of cold air) meeting a 
smaller volume of the other air ?ow, or in one air ?ow (again, 
in this case: of cold air) having a lower ?ow rate. In both cases, 
both the direction and the temperature of the resulting air 
mixture and thus the growth conditions for the snow?akes 
may be controlled. 
[0081] FIG. 7 ?nally shows a case in which the supply line 
1 for humid air is positioned, preferably concentrically, 
within the supply line 9 for cold air, which (if the material the 
lines are made of is appropriately selected) results in a heat 
exchange between the two lines, taking place even before the 
two air ?ows enter the chamber, so that the humid air ?ow is 
already oversaturated with water when entering the chamber. 
Moreover, it may be noticed that the supply line 1 already 
ends before its entry into the chamber (which is indicated as 
the upper end of the supply line 9 in the ?gure), which results 
in a partial pre-mixing of the two air ?ows before they enter 
the chamber. 
[0082] Below, the invention will be described referring to 
two speci?c working examples which only serve the purpose 
of illustration and shall not to be construed as limiting in any 
way. 

EXAMPLES 

Example 1 

[0083] The device of the present invention consisted of a 
chamber in the form of a truncated cone with a height of 95 
cm, a circular base with a diameter of 100 cm, and a circular 
top opening with a diameter of 10 cm. A plastic funnel with a 
height of 10 cm and a top opening diameter of 0.5 cm was 
placed on the top opening as a release noZZle, the bottom edge 
of the funnel being air-tightly glued to the outer surface of the 
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chamber. The chamber thus had an overall height of 105 cm 
and an overall volume of about 0.27 m3. At a height of about 
2 cm, supply lines for humid and cold air, one of which was 
positioned concentrically within the other, entered the cham 
ber in a tangential direction, the supply line for humid air 
being positioned within the supply line for cold air. In a cold 
laboratory, the entire device was cooled to a temperature of 
—1 5° C. 
[0084] The ?ow of humid air was generated by blowing air 
through an ice-cooled ?ow cell ?lled with water having a 
temperature close to its freeZing point, ie a temperature of l 
to 20 C., the air being thus saturated with vapor and subse 
quently enriched with tiny water droplets using an ultrasonic 
nebuliZer, the water droplets serving the purpose of forming 
crystal nuclei. Ambient air from the cold laboratory having a 
temperature of — 1 5° C. was used as the cold air. Both air ?ows 
were supplied to the cooled chamber at a ?ow rate of between 
0.2 and 0.3 L/ s. When entering the chamber, the temperature 
of the humid air amounted to about +3° C., and the tempera 
ture within the chamber amounted to about — 1 4° C. Due to the 
fact that the air ?ows were supplied into the chamber in a 
tangential direction, the mixed air ?ows created an upward 
circular ?ow therein. 
[0085] According to calculations based on the relations 
between the volumes of the two air ?ows and the volume of 
the chamber and on the assumption that the supplied air ?ows 
through the entire chamber volume, the period of time during 
which the growing snow?akes remain within the chamber 
amounts to about 9 min. 

[0086] Snow was continuously released via the release 
opening of the device. It was possible to produce about 0.2 kg 
snow per hour, the crystal structure of which was examined 
under the microscope. In this examination, in addition to a 
small amount of thin needles, mainly dendrites were found. 
The density of the thus produced, almost nature-identical 
snow amounted to between 90 and 120 kg/m3 . 

Example 2 

[0087] The device substantially corresponded to the device 
used in the ?rst example, except for the fact that the humid air 
was enriched with water after having passed through the ?ow 
cell using ?nely dispersed water, which was obtained by a 
high-pressure atomiZer instead of the ultrasonic nebuliZer. 
The air ?ows were introduced into the chamber in the same 
way as described in Example 1, and the characteristics of the 
obtained snow practically corresponded to those of the snow 
produced in Example 1. However, it was possible to increase 
the snow production to about 9 kg per hour, which constitutes 
a 45-fold increase. 

[0088] Currently, research is under way in order to provide 
for an adequate up-scaling of the device for practical appli 
cations, such as the production of snow for ski slopes. 
[0089] By the method and the device of the present inven 
tion it is thus possible to produce substantially dendritic snow 
requiring signi?cantly less energy than prior art methods and 
causing practically no noise emissions. This provides numer 
ous excellent industrial applications, such as the production 
of snow for ski slopes (also indoor ski slopes), the production 
of snow for large open areas for other winter sports, the 
optimization of agricultural engineering, the production of 
snow for small areas in housing blocks or for gardens, parks, 
buildings, or school premises for sports, recreational and 
insulation purposes as well as the cooling or preservation of 
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beverages or food, but also the possibility of in?uencing local 
bio- and microclimates by locally increasing the albedo of the 
earth’s surface. 
[0090] It Will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
Without departing from the broad inventive concept thereof. It 
is understood, therefore, that this invention is not limited to 
the particular embodiments disclosed, but it is intended to 
cover modi?cations Within the spirit and scope of the present 
invention as de?ned by the appended claims. 

1.-40. (canceled) 
41. A method for producing substantially dendritic snoW, 

comprising the folloWing steps: 
a) supplying a ?oW of humid air and a ?oW of cold air into 

a substantially closed space in order to mix the tWo air 
?oWs therein and to form an atmosphere supersaturated 
With Water Within the substantially closed space; 

b) forming ice crystals and alloWing snow?akes to groW 
from the supersaturated atmosphere Within the sub stan 
tially closed space While keeping the ice crystals and 
groWing snoW?akes Within the substantially closed 
space in a ?oating condition and alloWing them to groW 
for a predetermined period of time su?icient to obtain 
snoW?akes of a prede?ned siZe; Wherein the ?oating 
condition is achieved by moving the ice crystals and 
groWing snoW?akes, on average, along a substantially 
helical trajectory by the air ?oWs, Which results in the 
snoW?akes being distributed according to their siZe 
along the substantially helical trajectory; and 

c) releasing the snoW?akes having the prede?ned siZe after 
the predetermined period of time by a carrier air ?oW 
through a release opening of the substantially closed 
space. 

42. The method according to claim 41, Wherein, in step a) 
one or more additives for promoting the formation of ice 
crystals and/or the groWth of snoW?akes in step b) are sup 
plied together With the ?oW of humid air and/or the ?oW of 
cold air. 

43. The method according to claim 42, Wherein ice crystal 
nuclei are supplied together With the ?oW of humid air and/or 
the ?oW of cold air in order to initiate the formation of ice 
crystals and/or to promote the groWth of snoW?akes. 

44. The method according to claim 42, Wherein at least one 
foaming agent is supplied together With the ?oW of humid air 
in order to form air bubbles, Wherein the formation of ice 
crystals is initiated at a surface of the air bubbles. 

45. The method according to claim 41, Wherein in step a) at 
least one of the tWo air ?oWs of humid and cold air is supplied 
into the substantially closed space from the bottom at an 
oblique angle. 

46. The method according to claim 41, Wherein in step a) at 
least one of the tWo air ?oWs of humid and cold air is laterally 
supplied into the substantially closed space. 

47. The method according to claim 46, Wherein in step a) at 
least one of the tWo air ?oWs of humid and cold air is supplied 
in a substantially tangential direction into the substantially 
closed space Which is conical is conical in shape. 

48. The method according to claim 41, Wherein in step b) 
the groWing snoW?akes are moved along a substantially heli 
cal trajectory by at least one fan provided in the substantially 
closed space. 

49. The method according to claim 41, Wherein in step b) 
the predetermined period of time amounts to at least about 5 
min. 
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50. The method according to claim 41, Wherein in step b) 
the prede?ned siZe is in an order of that of dendritic snoW 
?akes. 

51. The method according to claim 41, Wherein in step a) of 
the ?oW of cold air has a temperature in a range of —l00° C. 
to —5° C. 

52. The method according to claim 41, Wherein ambient air 
is supplied as the ?oW of cold air. 

53. The method according to claim 41, Wherein in step a) 
the ?oW of humid air has a temperature in a range of —5° C. to 
+100 C. 

54. The method according to claim 41, Wherein in step c) 
the snoW?akes are released through a noZZle together With the 
carrier air ?oW. 

55. The method according to claim 54, Wherein the snoW 
?akes are released through a Venturi noZZle, Which is oper 
ated using a ?oW of ambient air. 

56. The method according to claim 41, Wherein a surface of 
the substantially closed space is at least partially cooled and/ 
or heated. 

57. The method according to claim 41, Wherein the sup 
plied ?oW of humid air is heated before and/or While moisture 
is added thereto. 

58. The method according to claim 57, including a cooling 
process and Wherein Waste heat of the cooling process is used 
for heating. 

59. The method according to claim 41, Wherein snoW hav 
ing a density of not more than 200 kg/m3 is produced. 

60. A device for producing substantially dendritic snoW 
using the method according to claim 41, the device compris 
ing at least one substantially closed chamber (15, 16, 17) 
Which comprises: 

at least one supply line (1) for a ?oW of humid air and at 
least one supply line (9) for a ?oW of cold air; 

three Zones (4, 5, 6) in ?uid communication With one 
another including: a mixing Zone (4), into Which the at 
least one supply line (1) and the at least one supply line 
(9) lead, for mixing the ?oWs of humid and cold air and 
optionally for forming ice crystal nuclei; a snoW?ake 
groWth Zone (5); and a release Zone (6) for releasing 
formed snoW?akes; 

means for moving the ice crystal nuclei and snoW?akes 
along a substantially helical trajectory, the moving 
means being provided in at least one of the three Zones 

(4, 5, 6); and 
a release opening (7) in ?uid communication With the 

release Zone (6). 
61. The device according to claim 60, Wherein at least one 

of the supply lines (1, 9) and/or at least one air ?oW control 
unit serves as the means for moving the ice crystal nuclei and 
snoW?akes along a substantially helical trajectory. 

62. The device according to claim 61, Wherein at least one 
fan is provided as the air ?oW control unit. 

63. The device according to claim 60, comprising a plural 
ity of substantially closed chambers (15, 16, 17) connected in 
series or in parallel. 

64. The device according to claim 60, Wherein the at least 
one substantially closed chamber (15, 16, 17) is conical at 
least in a region of the release Zone (6). 

65. The device according to claim 64, Wherein the at least 
one substantially closed chamber (15, 16, 17) is conical in 
regions of the groWth Zone (5) and the release Zone (6). 
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66. The device according to claim 64, Wherein the at least 
one substantially closed chamber (15, 16, 17) is entirely coni 
cal. 

67. The device according to claim 60, Wherein the at least 
one supply line (1) for humid air and/ or the at least one supply 
line (9) for cold air enters the mixing Zone (4) from the bottom 
at an oblique angle. 

68. The device according to claim 60, Wherein the at least 
one supply line (1) for humid air and/ or the at least one supply 
line (9) for cold air laterally enters the mixing Zone (4) and/or 
the groWth Zone (5). 

69. The device according to claim 68, Wherein the at least 
one supply line (1) for humid air and/ or the at least one supply 
line (9) for cold air enters the mixing Zone (4) and/or a the 
groWth Zone (5) in a substantially tangential direction, and 
Wherein the mixing Zone (4) and/or the groWth Zone (5) is 
conical in shape. 

70. The device according to claim 60, Wherein the release 
opening (7) is a noZZle. 

71. The device according to claim 70, Wherein the noZZle 
(7) is a Venturi noZZle. 

72. The device according to claim 60, Wherein entries of the 
at least one supply line (1) for humid air and the at least one 
supply line (9) for cold air into the mixing Zone (4) are 
positioned substantially next to each other, forming an angle 
of <1 80°. 

73. The device according to claim 60, Wherein entries of the 
at least one supply line (1) for humid air and the at least one 
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supply line (9) for cold air into the mixing Zone (4) are 
positioned opposite each other, forming an angle of about 
1 80°. 

74. The device according to claim 60, Wherein one of the at 
least one supply line (1) for humid air and the at least one 
supply line (9) for cold air is positioned Within the other, 
optionally concentrically, such that the supply lines have a 
common entry point into the at least one substantially closed 
chamber (15, 16, 17). 

75. The device according to claim 74, Wherein the inner 
one of the tWo supply lines (1, 9) ends before the common 
entry point. 

76. The device according to claim 60, Wherein at least one 
part of the device, optionally at least one outer Wall of the at 
least one substantially closed chamber (15, 16, 17) and/or the 
supply line (9) for cold air, is provided With a cooler and/or a 
heater. 

77. The device according to claim 60, further comprising at 
least one heater for heating the humid air supplied thereto. 

78. The device according to claim 60, Wherein the device is 
transportable. 

79. The device according to claim 60, Wherein the at least 
one substantially closed chamber (15, 16, 17) is at least par 
tially made of a light-Weight material selected from cloth, 
canvas, and plastic. 

80. The device according to claim 60, Wherein at least one 
substantially closed chamber (15, 16, 17) is at least partially 
made of and/ or lined With a material that inhibits groWth of 
ice crystals. 


