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Abstract: For artificial snowfall, snow particle size can have a direct impact on snow quality. The
operating conditions of the snow-makers and environmental factors will influence the atomization
and crystallization processes of artificial snow making, which consequently affect snow particle size.
This paper investigates the size distribution of snow particles during artificial snow making under
different operating conditions and environmental parameters. For this purpose, an environmental
chamber is designed and structured. The laser scattering method was used to measure the size
distribution of snow under different parameters in the room. The results show that the distribution
of snow crystal particle size aligns closely with the Rosin–Rammler (R-R) distribution. The higher
the height of the snowfall, the longer the snow crystals grow and the larger the snow crystal particle
size. It has been found that a higher air pressure favors atomization, while the opposite is true for
water pressure, which results in a higher air–water pressure ratio, producing smaller snow particle
sizes. Additionally, an ambient temperature in the range of −5 ◦C to −15 ◦C contributes to the snow
crystal form transforming from plates to columns and then back to plates; the snow particle size
first decreases and then increases. Snow crystal particles at −10 ◦C have the smallest size. Outdoor
snow-makers should be operated at the highest possible air–water pressure ratio and snow height,
and at a suitable ambient temperature.

Keywords: artificial snow making; snow particle size; laser scattering method

1. Introduction

The successful bid for the 2022 Winter Olympics has generated more interest in snow
sports. However, due to climatic and regional constraints, natural snowfall cannot fully
meet their requirements of skiing activities [1–3]. As a result, artificial snow-making
techniques are needed to supplement the amount of snow that natural snowfall cannot
provide [4]. For many winter sports, good snow conditions can create a secure sporting
environment for people. Therefore, in order to improve the snow quality of artificial snow
in different regions and meteorological conditions, an investigation into the factors that
impact it is necessary.

Snow-makers are currently the main equipment used for artificial snow making; the
internal mixing gas–liquid two-phase flow atomization nozzle is the core component of
snow-makers. It utilizes high-pressure air and high-pressure water to mix and atomize
before spraying into the environment. The atomized water vapor undergoes crystallization
and grows into snow in a low-temperature environment [5]. The larger the amount of
water provided, the greater the amount of snowfall produced by the snow-makers [6].

As can be seen from the working process of the snow-makers, the formation of artificial
snow can be divided into two processes: atomization and crystallization [7]. Atomization is
the process of spraying atomized droplets of high-pressure water into the nozzle, colliding
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and mixing with high-pressure air [8,9]. When the nozzle structure and fluid type are
constant, the main influencing factor of the atomization process is the fluid pressure. Ma
et al. [10] studied two different mixing forms of air atomizers and found that air pressure
affects the atomization angle as well as the velocity field at the nozzle outlet. Guo et al. [11]
conducted atomization experiments on a two-phase flow nozzle and found that, for a
given gas pressure, the diameter of the droplet increases with increasing liquid pressure,
while for a given liquid pressure, the diameter of the droplet decreases with increasing
gas pressure. Crystallization is the process by which atomized droplets are mixed through
an atomizing nozzle and turned into snow in a cold environment. The formation of snow
crystals can be divided into two parts: nucleation and crystal growth, and both processes
are highly dependent on the ambient temperature. Zhao et al. [12] concluded that there
exists a specific region in which a droplet exchanges heat and mass transfer with the
surrounding gas, and that this region will increase with the increasing droplet radius and
temperature difference. Satyawali et al. [13] found that thermal conductivity increases
with increasing grain size by estimating the thermal conductivity of snow at different
temperature gradients, and the results indicate that the size of snow crystals affects the
quality of snow formation. This indicates that achieving high-quality snow production
requirements can only be accomplished by controlling the influencing factors during the
snow formation process. Cogné et al. [14] developed a new heat and mass transfer model
for simulating the individual droplet-freezing process, and it was found that the freezing
time was influenced by the droplet diameter and the initial droplet temperature. Mirabedin
and Farhadi [15] used numerical simulations to investigate whether the Mpemba effect
can occur in a single droplet, and found that a higher initial temperature of the droplet is
favorable for achieving freezing. Liu et al. [16] studied the evaporative cooling and freezing
phase transition process of individual water droplets as the first and second stages of
artificial snow making. The results showed that the maximum diameter of water droplets
that is allowed through artificial snow making increased with a decrease in the ambient
temperature and relative humidity.

According to previous work, it can be seen that air pressure and water pressure influ-
ence the atomization process in the nozzle, which in turn affects the diameter of atomized
droplets at the nozzle outlet. For the crystallization of atomized droplets, the ambient
temperature influences the size of snow crystals formed by affecting the heat transfer of
atomized droplets. As the ambient temperature decreases, the heat transfer between the
atomized droplets and the environment intensifies. When the particles of the atomized
droplets are large, a lower ambient temperature is required for the droplets to crystallize.
This temperature can even be below the “freezing point”, which is referred to as super-
cooling. Consequently, the nozzle produces different atomization effects under different
operating conditions. Previous studies have mainly concentrated on the atomization of
droplets and the crystallization process of single droplets. There is limited research on the
distribution of snow particle size after atomization. In artificial snow making, the quality of
snow formation is intimately connected to the crystallization process. The size of the snow
particles formed during crystallization plays a fundamental role in determining the quality
of snow formation. Based on this, this paper investigates the particle size distribution of
snow crystals after snow formation.

Currently, there are many methods for measuring particle size distribution. High-
speed cameras and laser particle size measurements are the two methods commonly used
for particle measurement [17–19]. Both can be used to observe the size of an object in a
fluid, and have their own advantages and disadvantages. For the measurement of snow
crystal particle sizes, the laser scattering method was utilized, which is a commonly used
method in particle size measurement [20–22]. This method is based on the scattering
phenomenon of lasers by particles. Through computerized processing and calculations of
the scattering images, the particle size and distribution can be determined. However, there
are few works on the use of the laser scattering method for snow crystal measurements. The
objective of the present study is to investigate the size and distribution of the snow particle
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size of atomizing nozzles under different operating conditions. The particle size of indoor
artificial snow was measured using a self-developed split probe based on the laser scattering
principle; meanwhile, the influence of different snowfall heights, air–water pressure ratios,
and ambient temperature on the snow particle size distribution was analyzed. It provides
a theoretical basis for the selection of operating conditions of outdoor snow-makers.

2. Experimental Methodology
2.1. Experimental Setup
2.1.1. Artificial Snow-Making System

In order to conduct a practical test of the snow-making effect of the atomizing nozzle,
this research achieved indoor artificial snow making in an environmental chamber (as
shown in Figure 1). This environmental chamber could provide a stable and controlled
indoor environment for artificial snow making. The air cooler in the environmental chamber
provided the cooling capacity that is required for artificial snow making (see Figure 2). Post
and front heating devices were used together with the fan to control the temperature of
the room’s environment. The fan’s wind speed could be adjusted to a low speed (6.5 m/s),
medium speed (8 m/s), and high speed (9 m/s). This experiment was conducted in a
low-temperature environment, for which a wind speed of 9 m/s was chosen. Electric
humidification was used to control the humidity. There were temperature sensors and
humidity sensors inside the sampling fan, which could be used to measure environmental
parameters such as temperature and humidity in the environmental chamber. The wall
material of the environmental chamber was crafted from a 100 mm thick colored steel
polyurethane plate, which has an extremely low thermal conductivity coefficient of just
0.018~0.023 W/m·K.
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Figure 1. Schematic of the experimental setup. (The red arrows represent indoor air that has not
been cooled by the air cooler, and the blue arrows represent indoor air that has been cooled by the
air cooler).
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The artificial snow-making system is shown in Figure 3. It consists of a water supply
system and an air supply system. The water supply system consists of two main com-
ponents, i.e., a thermostatic water container and a pump, which are used to control the
temperature and pressure of the water, respectively. During the experiment, the excess
water produced by the pump could be returned to the thermostatic water container through
the electromagnetic valve to achieve circulation. The air compressor in the gas supply
system was primarily for providing air for the experiments. The surge tank was used to
regulate the pressure of the compressed air. The emptying valve was used to discharge
water from the pipeline when the experiment was complete. The water and air were mixed
in the atomization nozzle and sprayed out via atomization. The position of the atomization
nozzle in the environmental chamber is shown in Figures 1 and 2.
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Figure 3. Schematic of the snow-making system. (The blue arrows represent the flow of water on the
water supply system, and the yellow arrows represent the flow of air on the air supply system).

2.1.2. Atomizing Nozzle

The structure of different atomizing nozzles can result in different atomization effects,
which in turn affect the quality of snow formation [23–25]. The atomization nozzle selected
in this work is shown in Figure 4. On the side of the atomizer nozzle there are two air inlets
for high-pressure air. Along the axis direction, one side is the liquid inlet. The other side is
the atomization particles’ outlet. The angle between the air inlet and the liquid inlet is 30◦.
The diameter of the atomization nozzle outlet is 1 mm.
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Figure 4. Gas–liquid two-phase atomization nozzle.

2.2. Snow Particle Size Measurement System

Snow particles usually have an irregular shape [26], and the air–water two-phase
flow is very fast during artificial snow production. Therefore, conventional particle size
measurement methods are not suitable for use. In this study, the snow crystal particle size
is measured using the laser scattering method, and the schematic diagram is shown in
Figure 5. The measurement system is divided into two parts: a transmitter and a receiver.
The former includes a laser, filter, attenuator combination, collimated beam expander, and
diaphragm. The incident light is emitted by the laser; the filter and attenuator combination
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is used to screen the incident light. The collimated beam and diaphragm are used to screen
the incident light during the intensity amplification process. The amplified light’s intensity
leads to the phenomenon of snow crystal scattering. The latter consists of a CCD camera,
camera lens, diaphragm, focal plane, and Fourier lens set. The scattered light from the
irradiated snow crystals is collected through the lens and gathered on the focal plane, the
CCD camera collects the scattered light and transmits it to the computer in image format,
and the computer calculates the snow crystal particle size and its distribution according to
the light-scattering signal at different angles. This physical process can be integrated strictly
using Mie’s theory and solved in conjunction with inversion algorithms. The physical
diagram of the measurement system is shown in Figure 6. The particle measurement needs
to be carried out in the low-temperature environment of the experimental chamber. In
order to prevent damage to the experimental apparatus and to prevent frost from blocking
the lens during the experiment, the laser particle size meter is wrapped with insulation
cotton outside to alleviate the above phenomenon.
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2.3. Calculation Method of the Snow Particle Size

Since the shape of snow crystals is irregular, there are many methods for the statistical
analysis of their particle size distribution. This article uses the method of volume distribu-
tion to statistically analyze the distribution of snow crystals. Among them, Dv10, Dv50, and
Dv90 represent the particle size corresponding to 10%, 50%, and 90% of the volume distri-
bution, respectively. The physical meaning of Dv10 is that the total volume of all particles
within this diameter constitutes 10% of the overall particle volume. Dv50 represents the
median diameter, meaning that the total volume of particles above this diameter is equal
to that of particles below. Meanwhile, Dv90 indicates that the total volume of all particles
below this diameter accounts for 90% of the total particle volume. In addition to this, the
Sauter mean diameter (SMD) is commonly used for evaluating atomization effects during
the heat and mass transfer process; the formula is as follows [27]:

SMD = D32 =
dv

3

ds2 (1)

where dv is the droplet surface diameter and ds is the droplet volume diameter.
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2.4. Experimental Equipment and Operating Conditions

The tested parameters, such as pressure, flow rate, temperature, and snow particle
size, are directly gained using instruments. In this study, the uncertainties and equipment
parameters are listed in Table 1.

Table 1. The specifications of the experimental equipment.

Equipment Parameters Uncertainty

Thermostatic Water Container Volume: 0.35 m3

Temperature range: 4~10 ◦C
\

Pump Rated power: 4 kW
Pressure range: 0.3~1.0 MPa \

Air Compressor Rated power: 4 kW
Rated speed: 750 r/min \

Surge Tank Volume: 0.6 m3

Pressure range: 0.2~0.8 MPa
\

Pressure Transducer Measuring range: 0~0.8 MPa ±0.1%
Flowmeter Max measuring range: 1 L/min ±3%

Split Laser Particle Sizer Measuring range: 5~200 µm ±5%

The air–water pressure ratio, as an operating parameter of snow-makers, can directly
affect the atomization effect of the nozzle, which in turn has a direct effect on the snow
particle size and snow quality. In order to form continuous and stable artificial snow,
artificial snow experiments were conducted under various conditions. It was found that
when the air pressure and water pressure were less than 0.4 MPa, the atomizing nozzle
could not form artificial snow continuously and stably. Therefore, this study selected
air–water pressure ratios of 0.4 MPa:0.4 MPa, 0.5 MPa:0.4 MPa, and 0.5 MPa:0.45 MPa,
respectively. For the snowfall height, the experiment selected 40 cm, 60 cm, and 80 cm to
investigate the snow particle size distribution. However, due to the existence of a critical
snow formation height between 40 cm and 60 cm (see Section 3.1), several heights within
this range were selected for research. The maximum snowfall height selected for this study
is 120 cm. When the snowfall height is higher than 120 cm, the laser scattering method
cannot measure a sufficient number of snowfall particles due to the scattered snowfall. The
ambient temperatures of −5 ◦C, −10 ◦C, and −15 ◦C were selected as the research objects.
The inlet water temperature was kept at 4 ◦C. The detailed experimental conditions are
shown in Table 2.

Table 2. Experimental conditions.

Parameters Value

Water temperature (◦C) 4
Snow height (cm) 25~120

Air–water pressure ratio 0.5 MPa:0.4 MPa, 0.5 MPa:0.45 MPa, 0.4 MPa:0.4 MPa
Ambient temperature (◦C) −15~−5

3. Results and Discussion
3.1. Effects of Snowfall Height

Figure 7 shows the particle size parameters at different snowfall heights under the
ambient temperature of −5 ◦C and the air–water pressure ratio of 0.5 MPa:0.4 MPa. From
Figure 7, it can be seen that the snow crystal size changes significantly when the snowfall
height is around 45 cm. This is because there is a critical height of snow formation when it
is close to the atomizing nozzle. Near the critical snow formation height, the number of
snow crystals and atomized droplet particles is similar, so the measurement data change
significantly at this time. The height of the snowfall affects the snow particle size by
changing the growth time of the snow crystals. The longer the height of the snowfall, the
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more complete the snow crystal growth in the air and the larger the snow crystal particle
size. Correspondingly, the shorter the height of the snowfall, snow crystals cannot fully
grow, and the shorter the particle size of the snow crystals. When the heat transfer between
the atomized droplets and the environment is complete and the atomized droplets are
fully nucleated, the snow particle size increases with distance from the atomizing nozzle.
This indicates that the atomized droplets grow as they fall after condensation, and the
particle size gradually increases as the snowfall height increases. However, compared to
natural snowfall from the atmosphere to the ground, the overall snow crystal particle size
is smaller [28].
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Figure 7. Snow particle size parameters under different snow heights.

The snow crystal particle size distributions for each working condition are shown
in Figures 8 and 9. From the distribution diagram, it can be seen that the snow crystal
particle size is distributed in the range of 0 to 100 µm. The particle size distribution is
closely approximated using the R-R distribution [29]. Figures 8 and 9 show that when
the air–water pressure ratio remains constant, the peak of the particle size distribution
gradually shifts to the right as the snowfall height increases. This indicates an increase in
the proportion of large snow crystals. This indicates that as the snowfall height increases,
the overall snow crystal size gradually increases. And the proportion of larger snow crystal
particle sizes also gradually increases.
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Figure 8. Particle size distribution for air–water pressure ratio of 0.5 MPa:0.4 MPa; (a) 40 cm, (b) 60 cm,
(c) 80 cm.
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Figure 9. Particle size distribution for air–water pressure ratio of 0.5 MPa:0.45 MPa; (a) 40 cm,
(b) 60 cm, (c) 80 cm.

3.2. Effects of Air–Water Pressure Ratio

The velocity of the two-phase flow at the atomizing nozzle outlet significantly affects
the size of atomized droplets and the nucleation of snow crystals. A higher flow velocity
results in more complete droplet breakage, leading to greater cooling through adiabatic
expansion after spraying, and increasing the formation of snow crystals. Table 3 shows
the flow velocity at the outlet of the atomizing nozzle under different air–water pressure
ratios. In order to assess the type of convective flow around the particles, this study also
estimated the Reynolds number at the outlet of the atomizing nozzle.

Table 3. Atomizing nozzle outlet parameters.

Air–Water Pressure Ratio Flow Velocity (m/s) Reynolds Number

0.5 MPa:0.4 MPa 690.1 38,339
0.5 MPa:0.45 MPa 550.3 30,572
0.4 MPa:0.4 MPa 524.2 29,122

Figures 10 and 11 are the ambient temperature of −15 ◦C, and snowfall heights of
40 cm and 80 cm, respectively, under the different air–water pressure ratios of the particle
size parameters. From Figures 10 and 11, it can be found that increasing the air pressure
can make the snow particle size decrease. This is because as the air pressure increases, the
proportion of air pressure increases, and the two-phase flow velocity increases, which is
conducive to the atomization of liquid droplets. This improves the atomization effect of
the atomizing nozzle better, allowing for the formation of smaller droplets, resulting in a
reduction in the size of the snow particle size.

When the atomization nozzle atomizes water droplets with a larger diameter, it is
more difficult for them to condense into snow crystals because the specific surface area
for heat and mass transfer is smaller. This results in a longer snow crystal growth time
and an increase in the critical snow formation height. It also increases the size of snow
crystals and reduces the quality of the snow as large, atomized water droplets are more
likely to collide and condense in the air. On the contrary, when the diameter of atomized
water droplets is small, the critical snow formation height is short. The atomized water
crystallizes completely into snow, with a small particle size and good snow quality. The
air–water pressure ratio therefore has a significant effect on the snow particle size.

The snow crystal particle size distribution for each working condition is shown in
Figures 12 and 13. Comparing the particle size distribution charts for 0.4 MPa:0.4 MPa and
0.5 MPa:0.4 MPa, it can be observed that increasing the air pressure leads to a decrease
in the size of the larger snow crystals and an increase in the size of the smaller snow
crystals. And the particle size distribution of the peak gradually shifts to the left; the
diameter distribution range becomes narrower. Increasing the water pressure will make
the snow crystal particle size larger overall, with a more uniform distribution, and the peak
of the particle size distribution shifting to the right. From the snowfall height of 40 cm, an
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air–water pressure ratio of 0.5 MPa:0.4 MPa can be found; because of the larger air pressure,
the flow rate is faster, the snow crystal particle size is distributed at 50 µm or less. The
reason for this phenomenon may be due to the increase in the air–water pressure ratio; the
air phase in the mixing chamber becomes larger, the droplets are atomized into smaller
particles, and the kinetic energy of the droplets increases with the increase in the gas phase
pressure [8]. As a result, the snow particle size decreases as the air–water pressure ratio
increases. When the air pressure is equivalent to the water pressure, a phenomenon of
“secondary ice nucleation” occurs in the wake of the snow crystal [30]. This phenomenon
happens when the temperature is low and the atomized droplets have a high water content.
From Figure 13c, it is evident that, with a sufficient snowfall height, the distribution of the
snow particle size becomes more dispersed, and the small snow crystal particle sizes are
still present.
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Figure 10. Snow particle size at 40 cm with different air–water pressure ratios.
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Figure 11. Snow particle size at 80 cm with different air–water pressure ratios.
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Figure 12. Particle size distribution for a snowfall height of 40 cm. (a) Air–water pressure ratio of
0.5 MPa:0.4 MPa. (b) Air–water pressure ratio of 0.5 MPa:0.45 MPa. (c) Air–water pressure ratio of
0.4 MPa:0.4 MPa.
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Figure 13. Particle size distribution for a snowfall height of 80 cm. (a) Air–water pressure ratio of
0.5 MPa:0.4 MPa. (b) Air–water pressure ratio of 0.5 MPa:0.45 MPa. (c) Air–water pressure ratio of
0.4 MPa:0.4 MPa.

3.3. Effects of Ambient Temperature

Figure 14 shows the particle size parameters for different ambient temperatures
at a snowfall height of 80 cm and air–water pressure ratios of 0.5 MPa:0.4 MPa and
0.5 MPa:0.45 MPa. From Figure 14, it can be found that the particle size of snow crys-
tals at −10 ◦C is smaller than that at −5 ◦C and −15 ◦C. According to Libbrecht [31,32],
the morphology of snow crystals mainly depends on the temperature. Plates are formed
above −2 ◦C, hollow columns are formed at −5 ◦C~−10 ◦C, plates are formed again at
−10 ◦C~−20 ◦C, and columns or plates shapes are formed below −25 ◦C. The reason for
this phenomenon is determined based on the crystal structure. Snow crystals typically form
as simple hexagonal prisms. The morphology of the crystal is either plates or columns,
determined based on the inherent growth rate and diffusion of the crystalline surface.
When the prism crystal face grows slower than the base crystal face, columnar crystals are
obtained; when the base crystal face grows slower than the prism crystal face, plate crystals
are obtained. From the morphology diagram, it can see that the velocity of both prismatic
and basal crystal faces is very temperature-dependent. Between −5 ◦C and −15 ◦C, the
snow crystals change from plate to column and then back to plate. Compared with the
column, the plate has a larger snow crystal area, and the particle size of the snowflake
formed after the snow crystal grows outward is larger. As a result, the particle size at
−10 ◦C is lower than the particle sizes at −5 ◦C and −15 ◦C.



Energies 2023, 16, 7276 12 of 15

Energies 2023, 16, x FOR PEER REVIEW 12 of 15 
 

 

has a larger snow crystal area, and the particle size of the snowflake formed after the snow 
crystal grows outward is larger. As a result, the particle size at −10 °C is lower than the 
particle sizes at −5 °C and −15 °C. 

 
(a) 

 
(b) 

Figure 14. Snow particle size with different ambient temperatures. (a) Air–water pressure ratio of 
0.5 MPa:0.4 MPa. (b) Air–water pressure ratio of 0.5 MPa:0.45 MPa. 

The distribution of snow crystal particle sizes under different working conditions is 
shown in Figures 15 and 16. It can be seen from the graph that, as the ambient temperature 
decreases, the peak of the particle size distribution first shifts to the left and then to the 
right, and the total particle size first decreases and then increases. It can also be seen from 
Figures 15 and 16 that when the air–water pressure ratio remains constant, the number of 
large particle sizes gradually increases as the ambient temperature decreases. This is 

Plates Columns Plates

−4 −6 −8 −10 −12 −14 −16 −18
20

30

40

50

60

70

80

90

Pa
rt

ic
le

 s
iz

e/
μm

Ambient temperature/°C

 Dv10

 Dv50

 Dv90

 SMD

Plates Columns Plates

−4 −6 −8 −10 −12 −14 −16 −18
20

30

40

50

60

70

80

90

100

Pa
rt

ic
le

 s
iz

e/
μm

Ambient temperature/°C

 Dv10

 Dv50

 Dv90

 SMD

Figure 14. Snow particle size with different ambient temperatures. (a) Air–water pressure ratio of
0.5 MPa:0.4 MPa. (b) Air–water pressure ratio of 0.5 MPa:0.45 MPa.

The distribution of snow crystal particle sizes under different working conditions is
shown in Figures 15 and 16. It can be seen from the graph that, as the ambient temperature
decreases, the peak of the particle size distribution first shifts to the left and then to the
right, and the total particle size first decreases and then increases. It can also be seen from
Figures 15 and 16 that when the air–water pressure ratio remains constant, the number
of large particle sizes gradually increases as the ambient temperature decreases. This is
because as the ambient temperature decreases, the undercooling between the atomized
droplets and the ambient temperature increases. Convective heat transfer becomes more
intense and the formation of snow crystals becomes more likely. The result is an increase in
the number of snow crystals formed and also an increase in the probability of the formation
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of large-particle snow crystals. However, due to the dominant role of small-particle snow
crystals, the total snow crystal particle size first decreases and then increases as the ambient
temperature decreases.

Energies 2023, 16, x FOR PEER REVIEW 13 of 15 
 

 

because as the ambient temperature decreases, the undercooling between the atomized 
droplets and the ambient temperature increases. Convective heat transfer becomes more 
intense and the formation of snow crystals becomes more likely. The result is an increase 
in the number of snow crystals formed and also an increase in the probability of the for-
mation of large-particle snow crystals. However, due to the dominant role of small-parti-
cle snow crystals, the total snow crystal particle size first decreases and then increases as 
the ambient temperature decreases. 

   
(a) (b) (c) 

Figure 15. Particle size distribution for an air–water pressure ratio of 0.5 MPa:0.4 MPa. (a) Ambient 
temperature: −5 °C. (b) Ambient temperature: −10 °C. (c) Ambient temperature: −15 °C. 

   
(a) (b) (c) 

Figure 16. Particle size distribution for an air–water pressure ratio of 0.5 MPa:0.45 MPa. (a) Ambient 
temperature: −5 °C. (b) Ambient temperature: −10 °C. (c) Ambient temperature: −15 °C. 

4. Conclusions 
The aim of this study is to investigate the particle size and distribution of atomizing 

nozzles under different operating and environmental parameters, so that the operating 
conditions of snow-makers can be controlled to achieve the desired result. In this paper, 
an artificial snow-making system was constructed and artificial snow experiments were 
performed on a gas–liquid two-phase flow atomizing nozzle using the laser scattering 
method. The main conclusions are summarized as follows: 
(1) The snow particle size distribution is close to the R-R distribution. When the air–

water pressure ratio and ambient temperature remain constant, within the range of 
120 cm of snowfall height, as the snowfall height increases, snow crystals continue to 
grow, and the particle size of snow crystals gradually increases with the increase in 
the snowfall height. Therefore, in outdoor snow-makers, the growth status of snow 
crystals varies at different snowfall heights. It is particularly important for external 
mixed snow-makers. 

(2) When the snowfall height and ambient temperature are constant, air pressure can 
effectively improve the atomization effect. On the contrary, water pressure is unfa-
vorable for atomization. The air–water pressure ratio increases from 0.4 MPa:0.4 MPa 
to 0.5 MPa:0.4 MPa, the two-phase flow velocity increases, the atomizing effect of the 

0 100 200
0

2

4

6

8

10

12

14

16

18

20
 Particle size distribution
 Cumulative distribution

Particle size/μm

Pa
rt

ic
le

 s
iz

e 
di

st
ri

bu
tio

n/
%

0

50

100

C
um

ul
at

iv
e 

di
st

ri
bu

tio
n/

%

0 100 200
0

2

4

6

8

10

12

14

16

18

20
 Particle size distribution
 Cumulative distribution

Particle size/μm

Pa
rt

ic
le

 s
iz

e 
di

st
ri

bu
tio

n/
%

0

50

100

C
um

ul
at

iv
e 

di
st

ri
bu

tio
n/

%

0 100 200
0

2

4

6

8

10

12

14

16

18

20
 Particle size distribution
 Cumulative distribution

Particle size/µm

Pa
rt

ic
le

 s
iz

e 
di

st
ri

bu
tio

n/
%

0

50

100

C
um

ul
at

iv
e 

di
st

ri
bu

tio
n/

%

0 100 200
0

2

4

6

8

10

12

14

16

18

20
 Particle size distribution
 Cumulative distribution

Particle size/μm

Pa
rt

ic
le

 s
iz

e 
di

st
ri

bu
tio

n/
%

0

50

100

C
um

ul
at

iv
e 

di
st

ri
bu

tio
n/

%

0 100 200
0

2

4

6

8

10

12

14

16

18

20
 Particle size distribution
 Cumulative distribution

Particle size/μm

Pa
rt

ic
le

 s
iz

e 
di

st
ri

bu
tio

n/
%

0

50

100

C
um

ul
at

iv
e 

di
st

ri
bu

tio
n/

%

0 100 200
0

2

4

6

8

10

12

14

16

18

20
 Particle size distribution
 Cumulative distribution

Particle size/μm

Pa
rt

ic
le

 s
iz

e 
di

st
ri

bu
tio

n/
%

0

50

100

C
um

ul
at

iv
e 

di
st

ri
bu

tio
n/

%

Figure 15. Particle size distribution for an air–water pressure ratio of 0.5 MPa:0.4 MPa. (a) Ambient
temperature: −5 ◦C. (b) Ambient temperature: −10 ◦C. (c) Ambient temperature: −15 ◦C.
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Figure 16. Particle size distribution for an air–water pressure ratio of 0.5 MPa:0.45 MPa. (a) Ambient
temperature: −5 ◦C. (b) Ambient temperature: −10 ◦C. (c) Ambient temperature: −15 ◦C.

4. Conclusions

The aim of this study is to investigate the particle size and distribution of atomizing
nozzles under different operating and environmental parameters, so that the operating
conditions of snow-makers can be controlled to achieve the desired result. In this paper,
an artificial snow-making system was constructed and artificial snow experiments were
performed on a gas–liquid two-phase flow atomizing nozzle using the laser scattering
method. The main conclusions are summarized as follows:

(1) The snow particle size distribution is close to the R-R distribution. When the air–
water pressure ratio and ambient temperature remain constant, within the range of
120 cm of snowfall height, as the snowfall height increases, snow crystals continue to
grow, and the particle size of snow crystals gradually increases with the increase in
the snowfall height. Therefore, in outdoor snow-makers, the growth status of snow
crystals varies at different snowfall heights. It is particularly important for external
mixed snow-makers.

(2) When the snowfall height and ambient temperature are constant, air pressure can
effectively improve the atomization effect. On the contrary, water pressure is unfavor-
able for atomization. The air–water pressure ratio increases from 0.4 MPa:0.4 MPa
to 0.5 MPa:0.4 MPa, the two-phase flow velocity increases, the atomizing effect of
the atomizing nozzle increases, and the snow particle size decreases. In outdoor
snow-making applications, it is recommended to choose a higher air–water pressure
ratio according to the necessary snow production to enhance atomization.

(3) When the snowfall height and air–water pressure ratio are constant, the ambient
temperature decreases from −5 ◦C to −15 ◦C, and the particle size of snow crystals
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first decreases and then increases. The snow crystal particle size reaches its minimum
at around−10 ◦C. This is because the growth rates of snow crystals on the base crystal
surface and prism crystal surface are different, resulting in the shape of snow crystals
being plates at −5 ◦C or above, columns at −5 ◦C to −10 ◦C, and returning to plates
at −10 ◦C to −15 ◦C. Compared with columnar snow crystals, plates snow crystals
have a larger area, and the snowflake particle size formed when snow crystals grow
outward is also larger.
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