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Abstract:  

This article theoretically analyzes the shortcomings observed during the operation of SS-15 

type separators used in the cotton-cleaning industry, particularly the energy losses caused by 

air leakage into the vacuum valve system and its impact on the quality of raw cotton. 

Furthermore, an experimental eccentric-type vacuum valve design was developed, and its 

efficiency was analyzed with respect to angular velocity, number of blades, and inclination 

angle. 
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Introduction 

. Although SS-15 type separator devices operate more efficiently than their analogues, they also 

have inherent drawbacks. These factors play a significant role in the process of separating 

cotton from the airflow. The most significant issue is the damage caused to the cotton seed 

when the seed cotton enters the working chamber at high speed and strikes the surface. 

Additionally, during the cleaning of cotton adhered to the mesh surface of the SS-15 separator 

using scrapers, some free fibers detached from the seeds are carried away by the airflow and 

released into the external environment. 

In a pneumatic transport device with a productivity of 15 t/h, fiber loss amounts to 2.46 kg/h, 

and in low-grade cotton this reaches 4.14 kg/h [2]. During the rough ginning process, mature 

fibers easily separate from the seed under small forces, and a certain amount of these fibers 

pass through the mesh along with the suctioned air stream. Moreover, passive impurities within 

the cotton mass move chaotically inside the working chamber and mix with the raw cotton, 

becoming active. This further complicates the cotton-cleaning process. 

The main reason for this is uneven airflow. The falling of cotton from the vacuum valve blades 

and the backflow of air into the cells between the blades significantly affects the air drawn from 

long distances. Changes in airflow, in turn, influence cotton movement. To solve these 

problems, air must enter the working chamber in a uniform manner. 

One of the most important requirements for pneumatic transport systems and their components 

is maintaining vacuum conditions and ensuring airtightness. That is, external air must not be 

allowed to enter through gaps. This is particularly important in areas where the pressure 



 

 

European Science Methodical Journal 
ISSN (E): 2938-3641 

Volume 3, Issue 12, December - 2025 

2 | P a g e  

 

 

 

difference between the inside and outside of the device is large, such as sections connected to 

the fan. Air leakage increases power consumption and reduces the reliability of the separation 

process due to the vacuum valve [3]. Excessive air suction into the separator body is mainly 

caused by the operating principle of its vacuum valve [4]. 

The primary function of the vacuum valve is to discharge material from the device to the 

external environment while maintaining airtightness. Cotton separated from the airflow moves 

downward into the cells between the valve blades and exits due to the rotary motion of the 

vacuum valve. However, air returns through the cells, negatively impacting the overall 

separation process. 

The rotational frequency of the vacuum valve is 90 rpm [5]. This means each cell rotates 1.5 

times per second. In other words, 0.12 m³ of air per second leaks through one cell. With a 

pneumatic transport system consuming 75 kW of energy, the airflow rate equals 23,040 m³/h. 

One separator may allow 432 m³ of air leakage per hour. Although this figure is relatively small 

compared to 23,040 m³, cotton-cleaning factories typically use four separators. If the conveying 

distance increases, more separators may be added. In such cases, the total air leakage reaches 

1,728 m³/h. This amount corresponds to 7.5% of the airflow of the VTS-12M fan that consumes 

23,040 m³/h. Additionally, air leakage in separators results in a loss of 5.6 kW of electrical 

energy. When calculated per day and per month, this leads to significant energy losses. 

Research indicates the necessity of improving the vacuum valve of the separator. 

As shown in Figure 1, one separator loses 432 m³/h of air, and with four separators this reaches 

1,728 m³/h. The total air leakage increases proportionally with the number of separators. 

 
 

Figure 1. Influence of number of separators on air leakage 
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Figure 2 shows that each separator causes 5.6 kW/h energy loss due to air leakage. When four 

separators operate, the total energy loss reaches 22.4 kW/h, which equals 537.6 kW/h per day 

and 161,280 kW/h per month—a substantial loss. 

 
Figure 2. Influence of number of separators on energy consumption 

 

To theoretically analyze the operation of the vacuum valve, we examine the filling process of 

a prismatic volume of length L (equal to blade length). The section (cell) is expressed using the 

central angle L and the central angle corresponding to the valve loading region. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Scheme of the proposed experimental eccentric-type vacuum valve 

According to the technical characteristics, the separator productivity is 15 t/h, and the vacuum 

valve angular velocity is 1.53 rev/s (92 rpm). High blade angular velocity reduces the filling 

coefficient of the cells, leading to increased energy consumption and seed damage. 

According to research, when the vacuum valve of the cotton separator runs idle (1.53 rev/s), it 

consumes 5.7–5.9 kW of electricity; under load this increases to 6.7–7.9 kW. During normal 
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separator operation, the required power for the vacuum valve reaches 9.6–10.3 kW. Therefore, 

the standard 7.5 kW motor of the SS-15A separator is replaced with an 11 kW one. 

Transporting cotton along the vacuum valve walls requires 0.8–2.2 kW of power. Various 

forces acting on the cotton during this movement result in 0.18–0.4% seed damage. 

Proper fiber loosening is crucial for the correct operation of the vacuum valve. Not all incoming 

cotton enters the cells; some becomes caught on the blades and rotates along the valve housing, 

causing significant resistance. Figures 4 and 5 illustrate how different inclination angles α of 

the vacuum valve profile affect the motion of cotton particles. 

From Figure 4, increasing α reduces the transition time of the blade profile from horizontal to 

vertical—from about 8 seconds to 3–4 seconds. 

 

 

 

 

 

 

 

 

 

Figure 4. In the AV zone, the time variation φ(t) of the rotation angle of the cotton 

particle motion vector around the separator axis is presented for four distinct values of 

the vacuum-valve profile inclination angle α. 

α=0°; 2- α=14°; 3- α=20°;4- α=30°. 

This accelerates the movement of cotton to the next stage and decreases the travel path within 

the same time frame (Figure 5), reducing stagnation inside the valve. 

 

 

 

 

 

 

 

 

 

Figure 5. In the AV zone, the graph illustrates the variation of the cotton particle path 

length  as S(t)  a function of the rotational angle φ(t)  around the separator axis, 

evaluated for four different values of the vacuum-valve profile inclination angle α . 

 

The results show that as the angular velocity ω  of the vacuum-valve profile around the 

separator axis increases, the distance traveled by the cotton particles within the same time 
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interval decreases. Consequently, this leads to the cotton particles remaining within the 

vacuum-valve profile region. When the vacuum-valve blades are positioned at an angle of  

relative to the axis, the transition of the cotton particles to the next stage becomes faster. Since 

the angular velocity of the cotton particles with respect to their own center of gravity is 

significantly lower than the angular velocity of the rotating blades, the Coriolis force arising in 

the motion dynamics is almost negligible. 

To perform a theoretical analysis of the vacuum-valve operation, we examine the filling process 

of a prismatic volume with length , which corresponds to the vane length. The section (cell) is 

expressed through the central angle, and - central angle, which corresponds to the loading 

zone of the vacuum-valve. 

In the separator, the flow of raw cotton continuously enters the vaned drum sections (cells) at 

a speed V, while the drum rotates with an angular velocity ω. 

The amount of cotton falling into one section (cell) during the time interval t is: 

dq=vltRt 

Here: q-the bulk density of the raw cotton, kg/m³; R-the radius of the drum (section/cell), m. 

The filling of one section (cell) occurs within the time interval 0  t   (B+L)/ω. During the 

interval  /ω  t   (+)  , the raw cotton enters in a uniform amount, which is equal to: 

 

q1=
2

/

20

1

2

а d
VlR tdt VlR



  


=                               (1) 

Within the interval /ω  t   /ω, the cross-sectional area through which the material passes 

remains constant; therefore, the amount of cotton entering during this interval is given by: 

2 ( )q VRl
 


 

= −                                      (2) 

Thus, the amount of raw cotton entering a single section (cell) during its passage through the 

loading zone is: 

                                       Qm=
( )


 +−2VlR
                                  (3) 

The volume of cotton entering the section (cell) is determined by the following formula: 

                                            Vm=
( )







+−
=

2VlRQm                               (4) 

We determine the volume of a section (cell) as follows: 

Vya= ( ) sin
2

1 22 lrR −                                 (5) 

here: r-radius of the vacuum-valve shaft, m;  

We determine the filling coefficient    as follows: 

( )





sin)(

2
22

2

rR

VR

Vя

Vm

−

+−
==                               (6) 



 

 

European Science Methodical Journal 
ISSN (E): 2938-3641 

Volume 3, Issue 12, December - 2025 

6 | P a g e  

 

 

 

Taking into account the dependence of the material feed speed V  on the production capacity  

Ps: 

    

2
sin2


Rl

П
V с=                                            (7) 

To determine the filling coefficient of the vacuum-valve section (cell) with raw cotton, we take: 

2
sinsin)(

)(

22

2







rRl
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−

+−
=                             (8) 

A six-blade vacuum valve was used in the separator. Later, in order to reduce the amount of air 

entering the vacuum valve, it was replaced with an eight-blade model. 

Using formula (2.43), the filling coefficients of the vacuum-valve sections (cells) 

corresponding to the separator productivity at different angular velocities of the bladed drum 

were determined. 

Conclusion. The calculation results are presented in table 1. (In the calculations we take: 

mrmRml
м

кг
07,0:3,0:7,1:50:90:45

3

00 ======  ) 

 

Values of the vacuum-valve filling coefficient at different production capacities 

Table  1 

Filling coefficient,  
Ishlab chiqarish  unumdorligi, Ps, t/soat 

10 15 20 

=9,6c-1  

n=92 ayl/daq 
0,088 0,13 0,17 

=6,28c-1  

n=60 ayl/daq 
0,13 0,20 0,26 

=4,7c-1    

n=45 ayl/daq 
0,18 0,26 0,34 

  

According to the technical specifications of the separator, its operating productivity is 15 t/h, 

and the angular velocity of the vacuum valve is 1.53 rev/s (92 rpm), which is equal to that of 

the drum. At higher angular velocities of the blades, the filling coefficient of the sections (cells) 

becomes lower. This, in turn, leads to increased energy consumption in the pneumatic system 

and causes seed damage in the raw cotton. 
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