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Abstract. The article presents the developed mathematical models that 
describe the process of spraying the working body of a low-volume 
sprayer. Theoretical studies show that with an increase in the supply of 
working fluid to the atomizing disc, the rotational speed of the pneumatic 
disc atomizer decreases, and in order to ensure the effect of the air flow on 
the droplet formation process, the radius of the disc should be larger than 
the radius of the base of the cone-shaped fairing, but less than its maximum 
critical value and for obtaining a monodisperse spray with the main droplet 
diameter d = 80 ... 120 μm, at an axial air flow velocity of the fan 
installation U = 40 ... 60 m/s, the parameters of the disk the sprayer and the 
propeller are linked together when the following values: disk radius r = 65 
... 85 mm, the number of radial channels on the disk nр = 2 ... 6 pcs, the 
width of the radial channel bр = 3 ... 4 mm, and to obtain a high-quality 
air-droplet flow, the initial velocity of the main drops discharged from the 
periphery of the spraying disc must be less than the speed of the air flow 
and, at the same time, the rotational speed of the pneumatic disc sprayer is 
recommended to be used in the range of ω = 60… 200 s-1. 

1 Introduction 

Cotton is the main and most valuable technical crop cultivated on the territory of the 
Republic of Uzbekistan [1-3]. 

The most labor-intensive and technically complex operation in the cultivation of cotton 
is harvesting, so the mandatory and most important condition for the preparation of cotton 
crops for productive and high-quality work of cotton harvesters is the artificial removal of 
cotton leaves by carrying out pre-harvest defoliation [4]. 

Among the many known methods of treating plants with pesticides (pollination, 
spraying, fumigation, aerosols, etc.), the most effective in the economic, agrotechnical and 
environmental aspects is spraying, through which about 75% of the work volume is 
performed [5]. Therefore, creating a high-performance sprayer that meets the requirements 
of low-volume spraying of cotton is an urgent task. 

The purpose of the study is to study the process of liquid spraying by a smooth rotating 
disk with a coaxially lateral air flow to create a working body and a technological scheme 
for a low-volume method of spraying cotton. 
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2 Materials and Methods  

The analytical study of the process of spraying fluid rotating spray driven by the air flow 
used in the theory of rotating nozzles and wind turbines, based on which analytical 
dependencies that determine the optimal monodisperse droplet sizes depending on the 
radius of the nozzle, the specific flow of the fluid, the frequency of the rotating disk 
atomizer and other factors [6-13]. 

3 Results and Discussion 

When studying the fluid flow inside the disk package, we assume that the thickness of the 
viscous fluid layer is small compared to the disk size, and the fluid flow is axisymmetric. 
We also assume that the path of the liquid particle is straight and the particle moves along 
the radius; we assume that there is no sliding of the liquid relative to the disk's surface, i.e. 
the gravity is significantly less than the centrifugal force. 

Then the equation of motion of a liquid film is described by a system of Navew-Stokes 
differential equations. Still, due to the small thickness of the film, this system can be 
simplified and reduced to a single differential equation: 
 

𝜇𝜇 𝑑𝑑2𝑈𝑈𝑗𝑗
𝑑𝑑𝑍𝑍2

+ 𝜌𝜌𝑗𝑗𝑟𝑟𝜔𝜔2 = o    (1) 
 

Boundary conditions on:  
the wall: Z = 0, Uj = 0 

 free surface area: Z = 𝛿𝛿1,   
𝑑𝑑 𝑈𝑈𝑗𝑗
𝑑𝑑 𝑍𝑍

= o  
The solution of equation (1) with boundary conditions is written as follows: 

 
𝑈𝑈𝑗𝑗 = 𝜌𝜌𝑗𝑗𝑟𝑟𝜔𝜔2

𝜇𝜇
 (𝛿𝛿𝛿𝛿 − 𝑍𝑍

2

2
)        (2) 

 
The value of Z is determined from the condition that the total fluid flow in the layer is 

equal to the liquid flow rate q, filed with the disc set. 
Then:  

 
𝑞𝑞 = ∫ 2𝜋𝜋𝜋𝜋𝑈𝑈𝑗𝑗𝑑𝑑𝑑𝑑 =  2𝜋𝜋𝜌𝜌𝑗𝑗𝑟𝑟

2𝜔𝜔2𝛿𝛿3

3𝜇𝜇
𝛿𝛿
0   (3) 

 
Where do we get the thickness of the liquid layer: 
 

𝛿𝛿 =  √
3𝜇𝜇𝑞𝑞

2𝜋𝜋𝜌𝜌𝑗𝑗𝑟𝑟2𝜔𝜔2
3     (4) 

 
As can be seen from expression (4), the thickness of the liquid film on the disk surface 

is directly proportional to the flow rate of the liquid. To meet the conditions of 
monodisperse liquid spraying with rotating sprayers, many scientists have proved that the 
liquid consumption per 1 disk should not exceed 1 litre per minute [14-21]. Based on this, 
we can assume that the number of n disks in the package should be greater than the minute 
flow rate q of liquid or for a package of disks: 
 

𝑞𝑞𝑖𝑖 = 𝑞𝑞
𝑛𝑛

 ≤ 1 𝑙𝑙
𝑚𝑚𝑚𝑚𝑚𝑚

    (5) 
 

Then equation (4) will take the following form: 
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𝛿𝛿 =  √

3𝜇𝜇𝑞𝑞
2𝜋𝜋𝜌𝜌𝑗𝑗𝑟𝑟2𝜔𝜔2𝑛𝑛

3     (6) 

 
To obtain a one-sided film cover on the surface of the disk and prevent the flow of 

liquid between two adjacent disks in the disk package, the distance between them should 
be: 

𝑙𝑙𝑔𝑔 = 𝛿𝛿     (7) 
 

Figure 1 shows the dependence of the distance lg between adjacent disks on the radius r 
and the rotational speed ω at a constant liquid supply q=const. As you can see from the 
graph, as the radius and rotation speed of the disk increase, the distance between adjacent 
disks lg decreases [22]. 

To determine the number of radial channels pp and the cross-sectional area Sp of the 
radial channels, consider the condition of continuity of the fluid flow: 
 

𝑞𝑞 =  𝑞𝑞1 + 𝑞𝑞2 +  ⋯+ 𝑞𝑞𝑛𝑛 +  𝑞𝑞𝑛𝑛 =  ∑𝑛𝑛𝑞𝑞𝑖𝑖   (8) 
 

𝑆𝑆𝐵𝐵𝑈𝑈𝑗𝑗 = n∑𝑆𝑆𝑝𝑝𝑛𝑛𝑝𝑝𝑈𝑈𝑗𝑗       (9) 
 

Then equation (9), after some simplifications, has the form: 
 

𝑆𝑆𝑝𝑝𝑛𝑛𝑝𝑝 = 𝑞𝑞
𝑛𝑛𝑈𝑈𝑗𝑗𝑙𝑙𝑔𝑔

       (10) 

 

 
Fig. 1. Dependence of the distance lg between adjacent disks on r and ω 

It follows from expression (10) that the cross-sectional area Sp and the number np of radial 
channels between adjacent disks equally affect the nature of the change in fluid motion. For 
∆ℎ𝑝𝑝 =  𝑙𝑙𝑔𝑔, i.e., assume that the height of the radial channel ℎ𝑝𝑝is equal to the distance 𝑙𝑙𝑔𝑔 
between adjacent disks, and if the conditions (5) are met, the expression (10) can be written 
as follows: 

 
𝑏𝑏𝑝𝑝ℎ𝑝𝑝= 𝑞𝑞

𝑛𝑛𝑈𝑈𝑗𝑗𝑙𝑙𝑔𝑔
    (11) 
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Figure 2 shows the dependence of the width of the radial channel bp on the number of 

radial channels 𝑛𝑛𝑝𝑝, for ℎ𝑝𝑝 = 𝑙𝑙𝑔𝑔 and 𝑈𝑈𝑗𝑗 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. 

 
Fig. 2. Determination of the width 𝑏𝑏𝑝𝑝 of the radial channel depending on the number of 𝑛𝑛𝑝𝑝 radial 
channels at ℎ𝑝𝑝 = 𝑙𝑙𝑔𝑔 and 𝑈𝑈𝑗𝑗 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 

 
The graph shows that the number of radial channels np disproportionately affects the 

width bp of the radial channel.  
The speed of rotation of the pneumatic disk sprayer can be determined by the formula: 

 
𝜔𝜔 = 2𝑈𝑈1√

𝜌𝜌𝐵𝐵𝜉𝜉
𝑚𝑚𝑖𝑖+ 𝑚𝑚𝑗𝑗

3      (12) 

 
where 𝑚𝑚𝑖𝑖 is weight of the rotating part of the sprayer, kg; 𝑚𝑚𝑗𝑗 is second mass of liquid 
supplied to the sprayer, m/s. 

The second mass of the liquid supplied to the sprayer is determined by the formula: 
 

𝑚𝑚𝑗𝑗 =  𝑞𝑞𝜌𝜌𝑗𝑗𝑡𝑡     (13) 
 

To determine the time t required for the departure of the elementary mass of the liquid 
from the edge of the disk, consider the movement of the liquid on the surface of the disk 
sprayer. 

For a stationary observer, the trajectory of a particle is an Archimedean spiral (Figure 
3), the equation of which has the form: 
 

𝑝𝑝 =  а1𝜑𝜑,    (14) 
 
 where а1 = 𝑈𝑈𝑗𝑗

𝜔𝜔
 is constant value, m; 𝜑𝜑  is angle from 0 to+ ∞. 
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Fig. 3. Archimedes ' Spiral 

 
The distance MM1 between adjacent turns is determined by: 

 
𝑀𝑀𝑀𝑀1 = 2𝜋𝜋а1 = 2𝜋𝜋 𝑈𝑈𝑗𝑗

𝜔𝜔
    (15) 

 
Then the number of turns on the surface of the disk with radius r is: 
 

 
Кв =  𝑟𝑟

𝑀𝑀𝑀𝑀1
=  𝑟𝑟𝑟𝑟

2𝜋𝜋𝑈𝑈𝑗𝑗
     (16) 

 
From the expression (16), we find the twist angle φ of an elementary particle of liquid 

on the surface of the disk: 
 

𝜑𝜑 = 2𝜋𝜋𝐾𝐾в =  𝑟𝑟𝑟𝑟
𝑈𝑈𝑗𝑗

     (17) 

 
The length of the arc ln from the center to the edge of the disk with radius r, is the 

distance travelled by the particle: 
 

𝑙𝑙𝑛𝑛 =  а1
2

[𝜑𝜑√𝜑𝜑2 + 1   + 𝑙𝑙𝑛𝑛 (𝜑𝜑 + √𝜑𝜑2 + 1 )
 

]  (18) 

 
The time t required for the movement of a liquid particle from the center to the edge of 

the disk is determined from the following expression: 
 

𝑡𝑡 =  𝑙𝑙𝑛𝑛
𝑈𝑈𝑗𝑗

=  1
2𝜔𝜔

 [𝜑𝜑√𝜑𝜑2 + 1  + (𝜑𝜑 + √𝜑𝜑2 + 1 )
 

]  (19) 

 
Substituting the value t in the expression (13), we find the frequency ω of rotation of the 

disk sprayer as a function of the air flow velocity U and the specific flow rate q of the 
liquid: 

 
𝜔𝜔 = 2𝑈𝑈 √

𝜌𝜌в 𝝃𝝃
𝑚𝑚𝑖𝑖+ 𝜌𝜌ж𝑞𝑞2𝜔𝜔  (𝜑𝜑 √𝜑𝜑2+1+𝑙𝑙𝑛𝑛(𝜑𝜑+ √𝜑𝜑2+1))

3       (20) 
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Converting the expression (20) will result in the following form: 
 

𝑚𝑚𝑖𝑖𝜔𝜔3 + 𝜌𝜌𝑗𝑗𝑞𝑞
2

 (𝜑𝜑 √𝜑𝜑2 + 1 + 𝑙𝑙𝑛𝑛(𝜑𝜑 + √𝜑𝜑2 + 1) )𝜔𝜔2 = 8𝑈𝑈13𝜌𝜌в𝜉𝜉  (21) 
 

Provided that φ →∞ equation (21) takes the following form: 
 

𝑚𝑚𝑖𝑖𝜔𝜔3 +  𝜌𝜌ж𝑞𝑞𝑟𝑟
2

2а12
 𝜔𝜔2 = 8𝑈𝑈13𝜌𝜌в𝜉𝜉    (22) 

 
Solving the cubic equation, we find the rotation frequency ω of the disk sprayer: 
 

𝜔𝜔 =  [√
2𝑈𝑈13𝜌𝜌𝐵𝐵𝜉𝜉
𝑚𝑚𝑖𝑖

− 
𝜌𝜌𝑗𝑗3𝑞𝑞3𝑟𝑟6

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 +  √

𝜌𝜌𝑗𝑗3 𝑞𝑞3𝑟𝑟2

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 −

24𝑈𝑈16𝜌𝜌𝐵𝐵2𝜉𝜉2

𝑚𝑚𝑖𝑖
2  

3

+ 

+ √2𝑈𝑈13𝜌𝜌в𝜉𝜉
𝑚𝑚𝑖𝑖

− 𝜌𝜌ж
3𝑞𝑞3𝑟𝑟6

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 − √𝜌𝜌ж3 𝑞𝑞3𝑟𝑟2

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 −

24𝑈𝑈16𝜌𝜌в2𝜉𝜉2

𝑚𝑚𝑖𝑖
2  

3
] − 𝜌𝜌ж𝑞𝑞𝑟𝑟

2

6𝑎𝑎3𝑚𝑚𝑖𝑖
    (23) 

 

4 Conclusions 

The equation analysis shows that the increase in the supply of working fluid to the 
atomizing disk reduces the speed of rotation of the pneumatic disk sprayer. 

Also, for the high-quality operation of the pneumatic disk sprayer, the following 
conditions must be met: 

-to ensure the influence of the air flow on the process of droplet formation, the radius of 
the disk must be greater than the radius of the base of the cone-shaped fairing, but less than 
its greatest critical value: 

 
𝑟𝑟𝑘𝑘 < 𝑟𝑟 <  𝑟𝑟𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘     (24) 

 
-below the resulting key drops, with a drop from the periphery of the atomizer 

significant initial velocity, are unable to "break" the air current and go beyond it, and be 
carried away fully air flow speed Pavlovskogo atomizer must satisfy the inequality: 

 
𝜔𝜔 =  𝑈𝑈

2𝜋𝜋𝜋𝜋
     (25) 

 
-to obtain a monodisperse spray with major drops diameter d = 80…120 µm, and the 

axial velocity of the air ventilation unit U = 40…60 m/s, disk atomizer and propeller are 
linked with the following: the radius of the disk r = 65…85 mm, number of radial channels 
on the disc or nр = 2…6 PCs, the radial width of the channel bp = 3…4 mm.  

-to obtain high-quality air-droplet flow, the initial speed of the main droplets discharged 
from the periphery of the spray disc should be less than the air velocity and rotational 
frequency Pavlovskogo spray is recommended to be applied with in 𝜔𝜔 = 60 … 200 s−1. 
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𝜔𝜔 =  [√
2𝑈𝑈13𝜌𝜌𝐵𝐵𝜉𝜉
𝑚𝑚𝑖𝑖

− 
𝜌𝜌𝑗𝑗3𝑞𝑞3𝑟𝑟6

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 +  √

𝜌𝜌𝑗𝑗3 𝑞𝑞3𝑟𝑟2

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 −

24𝑈𝑈16𝜌𝜌𝐵𝐵2𝜉𝜉2

𝑚𝑚𝑖𝑖
2  

3

+ 

+ √2𝑈𝑈13𝜌𝜌в𝜉𝜉
𝑚𝑚𝑖𝑖

− 𝜌𝜌ж
3𝑞𝑞3𝑟𝑟6

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 − √𝜌𝜌ж3 𝑞𝑞3𝑟𝑟2

𝛿𝛿3𝑎𝑎16𝑚𝑚𝑖𝑖
3 −

24𝑈𝑈16𝜌𝜌в2𝜉𝜉2

𝑚𝑚𝑖𝑖
2  

3
] − 𝜌𝜌ж𝑞𝑞𝑟𝑟

2

6𝑎𝑎3𝑚𝑚𝑖𝑖
    (23) 

 

4 Conclusions 

The equation analysis shows that the increase in the supply of working fluid to the 
atomizing disk reduces the speed of rotation of the pneumatic disk sprayer. 

Also, for the high-quality operation of the pneumatic disk sprayer, the following 
conditions must be met: 

-to ensure the influence of the air flow on the process of droplet formation, the radius of 
the disk must be greater than the radius of the base of the cone-shaped fairing, but less than 
its greatest critical value: 

 
𝑟𝑟𝑘𝑘 < 𝑟𝑟 <  𝑟𝑟𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘     (24) 

 
-below the resulting key drops, with a drop from the periphery of the atomizer 

significant initial velocity, are unable to "break" the air current and go beyond it, and be 
carried away fully air flow speed Pavlovskogo atomizer must satisfy the inequality: 

 
𝜔𝜔 =  𝑈𝑈

2𝜋𝜋𝜋𝜋
     (25) 

 
-to obtain a monodisperse spray with major drops diameter d = 80…120 µm, and the 

axial velocity of the air ventilation unit U = 40…60 m/s, disk atomizer and propeller are 
linked with the following: the radius of the disk r = 65…85 mm, number of radial channels 
on the disc or nр = 2…6 PCs, the radial width of the channel bp = 3…4 mm.  

-to obtain high-quality air-droplet flow, the initial speed of the main droplets discharged 
from the periphery of the spray disc should be less than the air velocity and rotational 
frequency Pavlovskogo spray is recommended to be applied with in 𝜔𝜔 = 60 … 200 s−1. 
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