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1. 

ATOMZATIONAPPARATUS AND METHOD 

CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is a Continuation-In-Part of pending appli 
cation Ser. No. 741,512, filed on July 1, 1968, now aban 
doned, by the same inventors and entitled Atomization Ap 
paratus and Method. 
This invention relates in general to atomization and more 

particularly to a method and apparatus for efficiently making 
snow under a variety of ambient temperature conditions. 

BACKGROUND OF THE INVENTION 

Various techniques of atomization have been used for many 
different types of purposes in industry. Certain of these 
techniques of atomization have been used in order to generate 
fine droplets of water in an atmosphere that will convert them 
to snow on, for example, ski slopes. 
This snow-making has for some time received considerable 

attention because of the increased interest in skiing and the 
requirement that a profitable commercial establishment not 
be dependent on the happenstance of snow falling from the 
skies. The atomization technique which has become most 
commonly used in snow-making involves the atomizing of 
water forced through a nozzle by the use of compressed air. 
This fairly widely used technique has a number of disad 
vantages. The small openings of the nozzle tend to freeze up. 
The use of compressed air requires considerable power which 
must be made available at the site where the snow is being 
laid. The wide variation in the drop size emitted by a nozzle 
results in less than the complete conversion of the water to 
snow thereby resulting in the problem of creating considerable 
undesirable ice. 

En general, known atomization techniques require con 
siderable use of energy to achieve the desired atomization. For 
example, the use of compressed air to force the liquid through 
a nozzle results in a great deal of wasted energy. Some 
atomization techniques also require complex and expensive 
equipment as, for example, where electrostatic atomization 
techniques are employed. Even rotary disc atomization 
requires relatively large amounts of energy for the amount of 
atomization obtainable. Because of the energy cost, equip 
ment cost and equipment complexity considerations, known 
atomization techniques have had limited uses. In general, they 
cannot be used for large scale atomization of a fluid such as 
would be required in the process of separating, for example, 
salt from sea water. 

Accordingly, it is a major purpose of this invention to pro 
vide a more efficient technique for the atomization of fluids. 

It is a more specific purpose of this invention to provide a 
more efficient atomization technique that is particularly 
adaptable to making snow. 

It is a related purpose of this invention to provide a snow 
making technique which can produce 100 percent snow and 
will avoid the problem of creating ice either on the equipment 
or on the ground. 

It is another major purpose of this invention to provide an 
atomization and snow-making technique which will be sub 
stantially more efficient in its use of power than presently 
known techniques. 

It is a further specific purpose of this invention to provide a 
snow-making technique which can be employed over a wide 
range of ambient temperatures and which will use water hav 
ing a wide range of water temperatures including water tem 
peratures well above freezing. 

It is a further specific objective of this invention to provide a 
relatively uniform drop size of the atomized particle. 

BRIEF DESCRIPTION OF THE INVENTION 

In brief, this invention broadly involves the flow of liquid 
over the surfaces of rotating fan blades or the like in order to 
provide an atomized spray off the trailing edge of each fan 
blade. The spread out of liquid over the surface of the fan 
blades and the evaporation of the liquid, due to the airflow 
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over the liquid, as it spreads out over the fan blades, results in 
a sufficiently thin moving film of liquid being fed across the 
surface of the fan blades to the trailing edge. Thus when this 
film of liquid leaves the trailing edge of the fan blade, the 
result is a finely atomized spray of droplets. 
A fan having a hub and a relatively large number of fan 

blades (for example, 16 through 48 fan blades have been 
found useful) is mounted for rotation, usually in a horizontal 
plane about a vertical axis through the center of the hub. A 
stream of a liquid, such as water, in the form of a series of jets 
arranged in an annular ring around the hub of the fan, is 
thrown up at the rotating fan blades near the inboard section 
of the fan blades. The leading edges of the fan blades cut into 
the jets of water causing the water to spread out across the fan 
blades, preferably along both the top and bottom surfaces of 
each fan blade. Centrifugal forces cause the primary path of 
waterflow to be radially outward. However, the flow of air 
over the surface of the fan blades gives the flowing film of 
water a circumferential component. The relationship between 
the length andwidth of the fan blades is preferably selected to 
be such that the bulk of the liquid involved comes off the fan 
blade at the trailing edge thereof rather than off the outboard 
tip. 
Where an upward draft of air is desired in order to cause the 

atomized liquid to move up and away from the fan blades, the 
fan blades are given an appropriate pitch to cause an updraft 
of air. Under such circumstances, which is particularly impor 
tant when making snow, half of the blades may be displaced 
downward somewhat from the other half of the blades so as to 
form two sets of blades rotating in two parallel planes. Those 
blades in the lower plane of rotation are preferably made 
shorter than the blades in the upper horizontal plane. As a 
result most of the undesirable turbulance is avoided and an 
updraft of air is created that can carry all of the atomized 
liquid away from the fan blades and associated equipment. 

For snow-making, in particular, it is important that the 
water be cooled by evaporation to a temperature well below 
freezing so that the particles freeze before they hit the ground. 
It is believed that this is a main reason why the surface area of 
the fan blades used for snow-making should be as large as 
possible. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and purposes of this invention will become 
apparent from the following detailed description and 
drawings, in which: 

FIG. 1 is a perspective view of a first embodiment of this in 
vention adapted for snow-making; 

FIG. 2 is a plan view of the FIG. device; 
FIG. 3 is a cross-sectional view along the plane 3-3 of FIG. 

2; 
FIG. 4 is a mechanical schematic illustrating the relation 

ship between the jets of fluid and the blades in motion; 
FIG. 5 is a plan view of a second embodiment of this inven 

tion, which embodiment is preferred, over the FIG. 1 embodi 
ment, for snow-making; 

FIG. 6 is a plan view of the template (flat, two-dimensional 
model) from which the smaller blades in the FIG. S embodi 
ment are made; 

FIG. 7 is a plan view of the template from which the larger 
blades in the FIG.S embodiment are made; and 

FIG. 8 is an elevation view in partial cross section of the 
F.G. S embodiment. 

DESCRIPTION OF THE PREFERREDEMBODIMENTS 
En General: 
The figures illustrate preferred embodiments which have 

been developed for the production of snow. 
As may be seen in FIG. 1, the atomizing device 10 is shown 

mounted on a stand 11. The device 10 includes a hub.12 to 
which are attached a relatively large number of blades 14. A 
shaft 16 is coupled to an electric motor 18, the motor being in 
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tion of this invention is such that where the cooling effect is 
optimized, the water temperature can be brought to within the 
10 F. (-12 C.) to 15 F. (-10 C.) range where atomized 
particles will be converted to snow. In order to make snow by 
a rapid process, the temperature of the atomized droplets 
must be brought down to a maximum temperature somewhere 
between 10 F. and 15 F. Such a temperature is required to 
bring about the rapid conversion of a liquid droplet to snow. 

Part of the reason for the efficiency of this rapid conversion 
to snow of the water applied to the fan blades is because of the 
extensive amount of evaporation that occurs as air flows over 
the film of water on the fan blades and, it is believed, because 
of further evaporation from the atomized particles of water 
thrown off the trailing edge of the fan blades. This further 
atomization occurs in the low-pressure area that is formed 
around the trailing edge of the fan blades. When it is realized 
that the heat of vaporization of 1 gram of water is sufficient to 
cool 544 grams of water by 1. C., it can be appreciated that 
the extensive vaporization afforded by means of this invention 
will provide the results described. 
The FIG.S Embodiment: 

After development of the FIG. 1 embodiment, further ex 
perimentation developed an improved device for snow-mak 
ing. This improved device, shown in FIGS. 5-8, provides 
greater assurance of producing effectively 100 percent snow. 
The two significant distinctions between the FIG. 5 embodi 

ment and the FIG. 1 embodiment that provide the increased 
assurance of 100 percent snow are: (a) the larger fan blade 
area, through use of wider fan blades, in the FIG. 5 embodi 
ment, and (b) the inbound portion of the leading edges of the 
longer blades is brought upstream to the same vertical level as 
are the leading edges of the shorter blades. Otherwise the two 
embodiments shown are very similar and much of the above 
description applies to the FIG. 5 embodiment. 
As shown in FIGS. 5-8, the hub 112 and 16 blades 114 are 

mounted for rotation by a power-driven shaft 116. Water sup 
plied through a pipe 126 circulates through an annular 
manifold 127 and is emitted through a dual set of circular 
openings 128a, 128b. The inner set of openings 128a are an 
nularly disposed and concentric within the outer annularly 
disposed set of openings 128b. 
The openings 128 are positioned close (about 1 inch in the 

embodiment tested) to the leading edges of all 16 blades 114. 
This arrangement assures that all the water is picked up by the 
blades and avoids a problem of a small percentage of water in 
large droplets falling near the machine as water and freezing 
on the ground into a sheet of ice. To make sure that all the 
water is picked up on the fan blades the inboard portions 115 
of the leading edges of the upper (and longer) blades 114a is 
brought down to the level of the lower (and shorter) blades 
114b. As may be seen from the FIG. 6 and 7 templates, the in 
board width of the template 114a' for the longer blade is 
greater than the outboard width of the long blade template 
114a' and also greater than the inboard width of the short 
blade template 114b'. However, the longer blades 114a are 
otherwise axially displaced upward from the shorter blades in 
the fashion described in connection with the FIG. It embodi 
ninet. 
A second important feature of the FIG. 5 blades is their 

width. Instead of a blade width of 14 inch (as in the FIG. 1 
embodiment), these blades 114 have a width between 2% 
inches and 3 inches. The FIG. 5 blade 114 lengths are the 
same as the FIG. 1 blade 14 lengths. As a result, total blade 
surface area in the FIG. 5 embodiment is about 280 square 
inches. This larger surface area increases the evaporative 
cooling effect with the result that 100 percent snow is assured 
at higher air temperatures. 

Blade 114 length and pitch are as described in connection 
with the FIG. 1 blades 14. FIGS. 6 and 7 illustrate the actual 
length and width dimensions in a tested model of this FIG. 5 
embodiment. The plates actually used were cut from the flat 
sheet of metal employing a template having the dimensions in 
dicated in FIGS. 5 and 6. The flat sheet plate forms were then 
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6 
formed into plates having the pitch and curvatures discussed 
in connection with the plates employed in the FIG. 1 embodi 
ment. 

Five separate 8-hour tests were made with the FIG. 5 em 
bodiments. These tests show that this invention, employing 
only a 5 horsepower electric motor drive can produce essen 
tially 100 percent snow from 8 to 9 gallons of water per 
minute using water at 35 F. (2 C.) at an air temperature of 
about 27 F. (-3°C.), humidity below 70 percent, and with no 
wind. As air temperature decreases the amount of water that 
can be employed to provide 100 percent snow increases up to 
about 17 gallons of water per minute at 0°F. (-18°C.). 

It might be noted here that in describing tests and the inven 
tion in general, it has been stated that 100 percent snow is 
created and that all of the water applied to the fan blades is 
converted to snow. Of course this is not literally so since some 
of the water is evaporated and converted to vapor. What is in 
tended to be meant by such language, which language is in 
conformity with the useage in the art, is that no liquid water is 
formed. Thus when 100 percent snow is formed, no ice or 
layer of ice is formed because no liquid droplets of water 
strike the ground. 

However, from a practical point of view 100 percent of 
snow need not be formed in order to provide a satisfactory ter 
rain for skiing. Thus, if desired, the rate at which water is fed 
to the fan blades may be increased above that which will pro 
vide 100 percent snow so that the snow created is only 90 per 
cent or 80 percent of the atomized droplets that fall. Such a 
practice is obviously within the scope of this invention and 
might be desirable in order to assure that the maximum snow 
output is obtained where the sacrifice of creating a small 
amount of ice is tolerable. 

This atomization device has been described in detail in con 
nection with the preferred embodiment for making snow. Ob 
viously, not only may various changes be made in connection 
with the embodiment for making snow without departing from 
the scope of this invention but various changes in both ap 
paratus design and application may be made where the inven 
tion is applied to other than snow-making without departing 
from the scope of this invention. - 

For example, the feeding of a solution to the device 
described will result in an efficient generation of atomized 
particles of the solution. If this is done at a sufficiently high 
ambient temperature, the result will be that the particles will 
be vaporized in the atmosphere and the dissolved material will 
drop out and can be collected. Under such conditions, the 
pitch of the blades may well be much less than that shown 
since it is not desired that the airflow be as great. 

In general, there is a tradeoff between such parameters as 
rotational speed, ambient temperature, ambient humidity, size 
of atomized particles and quantity of fluid atomized. The op 
timized relationship between these parameters will depend 
upon the application involved and the given conditions within 
which the application must operate. It should be recognized 
that to achieve the desired amount of atomization, the layer of 
fluid flowing over the fan blades must be kept thin. If larger 
droplets are useable, then the layer of water can be thicker 
and the amount of fluid atomized can be increased. Alterna 
tively, a faster rotational speed of the fan blades may result in 
a faster movement of fluid over the surface of the fan blades so 
that a greater quantity of fluid can be atomized without in 
creasing the thickness of the sheet of fluid flowing over the fan 
blades. 
The most efficient use of the invention for separation may 

call for a greater number of blades than illustrated to provide a 
greater total atomizing edge. With greater rotational speed, 
the larger number of blades may then enable the device to 
handle a greater flow rate of fluid. 
The invention has been described in connection with 

atomizing a liquid either with or without a significant amount 
of dissolved material therein. However, the invention can be 
used with a slurry or suspension to achieve atomization and 
separation of the liquid and solid phases. Accordingly, the 
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term liquid or fluid as used in the claims herein shall be un 
derstood to include a slurry or a suspension. 
Although the method of feed shown is preferred, especially 

for snow-making, the feed can be widely varied. For some pur 
poses, a gravity feed down onto the blades might be useable. 
The dual level of fan blades 14a and 14b has been described 

in connection with the snow-making embodiment are a 
preferred way to avoid drop off of snow on and near the equip 
ment. However, the basic reason for this result is that the dual 
level blade design reduces edge turbulance and backflow. The 
resultant more efficient airflow may have applications in 
devices other than for snow-making or even than for atomiz 
ing. The fan design described is in itself a new and more effi 
cient device for moving air. 
The blades 14 have been discussed above as fan blades 

because, in the preferred embodiments, they are used to move 
the air in a given axial direction. This function is particularly 
important in snow-making and is also useful in other possible 
applications. However, broadly speaking, the blades 14 need 
not be designed to have the curvatures that are typical of fan 
blades. Thus it should be understood in the claims that the 
reference to blades includes blades having flat surfaces, as 
well as those blades whose curvature is designed to optimize 
the axial flow of air. 

Accordingly, it should be understood that the following 
claims are intended to cover the various inventions of this 
design in all the embodiments and variations that would be ob 
vious to those skilled in these arts. 
What is claimed is: 
1. A device for atomizing liquid comprising: 
a rotatable hub with a central axis, 
a plurality of fan blades extending radially outward from 

said hub for rotation with said hub about said central axis, 
each of said fan blades having a leading edge and a trail 
ing edge, 

means for applying the liquid to be atomized to said fan 
blades in such a fashion as to provide a flowing film of 
liquid over the surfaces of said fan blades when said fan 
blades are rotating, the major component of flow of said 
film being toward said trailing edges of said fan blades, to 
provide atomization off said trailing edges of said fan 
blades. 

2. The atomizing device of claim 1 wherein said means is 
adapted to apply the liquid to be atomized to the inboard por 
tion of said fan blades. 

3. The atomizing device of claim 1 wherein said means is 
adapted to apply the liquid to be atomized to the leading edges 
of said fan blades when said fan blades are rotating. 

4. The atomizing device of claim 2 wherein said means is 
adapted to apply the liquid to be atomized to the leading edges 
of said fan blades when said fan blades are rotating. 

5. The atomizing device of claim 1 wherein said plurality of 
fan blades comprise: 
a first longer subset of fan blades extending out from said 

hub, and 
a second shorter subset of fan blades extending out form 

said hub; 
the radial length of the blades in said shorter subset of fan 

blades being substantially less than the radial length of the 
blades in said longer subset of fan blades, the radial length 
of the blades in said shorter subset of fan blades being suf 
ficiently long so that the flow of air from said shorter sub 
set of fan blades tends to cancel out the backflow of air 
from said longer subset of fan blades. 

6. The atomizing device of claim 5 wherein said means is 
adapted to apply the liquid to be atomized to the leading edges 
of said fan blades when said fan blades are rotating. 

7. The atomizing device of claim 6 wherein said means is 
adapted to apply the liquid to be atomized to the inboard por 
tion of said fan blades. 

8. The atomizing device of claim 7 wherein said shorter sub 
set of fan blades is displaced upstream from said longer subset 
of fan blades. 
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8. 
9. The atomizing device of claim 8 wherein the inboard sec 

tion of the leading edges of said longer subset of fan blades 
curves upstream to have essentially the same axial location as 
the inboard section of the leading edges of said shorter subset 
of fan blades at the place where the fluid is applied to the fan 
blades. 

10. A snow-making device comprising: 
a rotatable hub with a central axis, 
a plurality of fan blades extending radially outward from 

said hub for rotation with said hub about said central axis, 
each of said fan blades having a leading edge and a trail 
ing edge, and 

means for applying water to said fan blades in such a fashion 
as to provide a flowing film of water over the surfaces of 
said fan blades when said fan blades are rotating to pro 
vide cooling by partial evaporation, the major component 
of flow of said film being toward said trailing edges of said 
fan blades to provide atomization offsaid trailing edges of 
said fan blades. 

11. The snow-making device of claim 10 wherein said fan 
blades have substantial width to provide a large enough sur 
face for water to flow over to bring the temperature of the 
water being atomized to below 15 F. by evaporative cooling. 

12. The snow-making device of claim 10 wherein said 
means is adapted to apply the water to be atomized to the in 
board portion of the leading edges of said fan blades. 

13. The snow-making device of claim 10 wherein said plu 
rality of fan blades comprise: 
a first longer subset of fan blades extending out from said 

hub, and 
a second shorter subset of fan blades extending out from 

said hub, 
the radial length of the blades in said shorter subset of fan 

blades being substantially less than the radial length of the 
blades in said longer subset of fan blades, the radial length 
of the blades in said shorter subset of fan blades being suf 
ficiently long so that the flow of air from said shorter sub 
set of fan blades tends to cancel out the backflow of air 
from said longer subset of fan blades. 

4. The snow-making device of claim 13 wherein said 
shorter subset of fan blades is displaced upstream from said 
longer subset of fan blades. 

15. The snow-making device of claim 14 wherein the in 
board section of the leading edges of said longer subset of fan 
blades curves upstream to have essentially the same axial loca 
tion as the inboard section of the leading edges of said shorter 
subset of fan blades at the place where the fluid is applied to 
the fam blades. 

16. The snow-making device of claim 15 wherein said fan 
blades have substantial width to provide a large enough sur 
face for water to flow over to bring the temperature of the 
water being atomized to below 15 F. by evaporative cooling. 

17. The method of atomizing a liquid comprising the step of: 
applying the liquid to be atomized to the surfaces of a plu 

rality of fan blades rotating about a central axis in 
response to a drive from a power source connected to the 
fan blades, the liquid being applied in such a fashion as to 
cause a film of said liquid to flow over the surfaces of said 
fan blades in a direction that includes a significant com 
ponent of flow toward the trailing edges of said fan blades 
to atomize the liquid off the trailing edges of said fan 
blades. 

18. The method of atomizing a liquid comprising the step of: 
applying the liquid to be atomized to the inboard portion of 

the leading edges of a plurality of fan blades rotating 
about a central axis in response to a drive from a power 
source connected to the fan blades, the liquid being ap 
plied in such a fashion as to cause a film of said liquid to 
flow over the surfaces of said fan blades in a direction that 
includes a significant component of flow toward the trail 
ing edges of said fan blades to atomize the liquid off the 
trailing edges of said fan blades. 

19. The method of making snow comprising: 
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applying water to the surfaces of a plurality of fan blades 
rotating in a gas atmosphere about a central axis in 
response to a drive from a power source connected to the 
fan blades, the liquid being applied in such a fashion as to 
cause a film of said water to flow over the surfaces of said 
fan blades in a direction that includes a significant com 
ponent of flow toward the trailing edges of said fan blades 
to atomize the water off the trailing edges of said fan 
blades, the temperature of the gas atmosphere and the 
temperature of the water being applied enabling the 
water being atomized to be converted to snow. 

20. The method of making snow comprising the step of: 
applying the water to be atomized to the inboard portion of 
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10 
the leading edges of a plurality of fan blades rotating in a 
gas atmosphere about a central axis in response to a drive 
from a power source connected to the fan blades, the 
liquid being applied in such a fashion as to cause a film of 
said water to flow over the surfaces of said fan blades in a 
direction that includes a significant component of flow 
toward the trailing edges of said fan blades to atomize the 
water off the trailing edges of said fan blades, the tem 
perature of the gas atmosphere and the temperature of 
the water being applied enabling the water being 
atomized to be converted to snow. 
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