Theoretical analysis of an improved aspiration system for the cotton cleaning aggregate
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Abstract. An optimal structural configuration of an aspiration system designed to extract impurities released from the UCCC cotton cleaning aggregate is proposed. The pressure loss patterns in the pneumatic duct were theoretically and experimentally investigated as a function of the concentration of dust-laden air. Theoretical results are presented for determining the optimal expansion angle of the fan diffuser within the system. Through the development of an improved aspiration system, measures were implemented to reduce the concentration of dust emitted into the atmosphere. As a result, improvements are expected in protecting the health of enterprise workers and residents living in surrounding areas, as well as in ensuring high cleaning efficiency of dust collection devices (cyclones). 
INTRODUCTION
At present, approximately 80% of the cotton cultivated in our republic belongs to selectively bred varieties that are difficult to clean. In addition, in order to reduce manual labor and minimize additional costs, the volume of cotton harvesting using mechanical methods has been increasing from year to year. During mechanical harvesting, the level of impurities in cotton is on average 10–15% higher than that of manually harvested cotton [1]. For this reason, the concentration of dust in the dust-laden air extracted by the aspiration system from the fine-impurity cleaning sections of the UCCC cotton cleaning aggregate is inevitably relatively high. 
It is well known that the efficiency of an aspiration system designed for dust-laden air purification is significantly influenced by the concentration of the separated dust particles [2]. 
The degree of efficiency reduction depends on the airtightness of the aspiration system and the dispersion level of the dust. Previous studies have shown that if approximately 1% of additional air is drawn into the aspiration system due to loss of airtightness, the dust collection efficiency of the system may decrease by 5–10%, and this can subsequently lead to clogging of the dust-collecting cyclone [3].
Considering that the release of excessive amounts of dust into the atmosphere from aspiration systems of cotton cleaning enterprises leads to deterioration of the environmental condition, it becomes evident that the development of an aspiration system capable of eliminating these shortcomings represents a highly relevant and pressing problem.
EXPERIMENTAL RESEARCH
As the experimental object, the aspiration system of the UCCC aggregate used for cleaning raw cotton at the “Angor” cotton cleaning enterprise, belonging to ANGOR ZAMIN CLUSTER LLC and located in Surkhandaryo region, was selected (see Figure 1).
As shown in Figure 1, the suction ducts connected to each section of the existing aspiration system of the UCCC cotton cleaning aggregate are sequentially connected—from the cotton inlet side of the aggregate—to a main pneumatic duct whose diameter gradually increases. For analytical purposes, the aspiration system illustrated in Figure 1 was conditionally divided into four sections. The first section corresponds to the pneumatic duct connected to the bunker for fine impurities separated by the 1HK cleaner located at the front part of the Universal Cotton Cleaning Complex (UCCC) aggregate. The second, third, and fourth sections correspond to the pneumatic ducts connected to the bunkers for fine impurities located in the intermediate zones of the UCCC aggregate’s large-impurity cleaning sections.
	[image: ]
	[image: ]
	[image: C:\Users\User\AppData\Local\Microsoft\Windows\INetCache\Content.Word\image_2025-04-29_05-45-14.png]

	a)
	b)
	c)


FIGURE 1. General view and schematic diagram (right) of the existing aspiration system of the UCCC aggregate at the “Angor” cotton cleaning enterprise selected as the experimental object. a) Existing aspiration system; b) Arrangement of the pneumatic conveying duct with respect to the UCCC unit; c) General layout diagram of the UCCC unit.

At the initial stage of the experiments, we took into account the recommendations of TsNIIIKhProm, according to which the required air flow rate to be extracted from each waste bunker of the cleaning aggregate should be 0.5 m³/s, and the diameter of the pneumatic duct should be 160 mm [4].
Experiments were conducted at the “Angor” cotton cleaning enterprise, belonging to ANGOR ZAMIN CLUSTER LLC and located in Surkhandaryo region, in order to determine the concentration of dust-laden air generated under actual production conditions in the aspiration system of the UCCC cotton cleaning aggregate.
Based on the experimental results, the amount of fine impurities transferred from the sections of the UCCC cotton cleaning aggregate to the aspiration system at the selected “Angor” cotton cleaning enterprise was determined (see Figure 1).
In the schematic diagram shown in Figure 1, the sections enclosed by circles represent fine-impurity cleaning units consisting of four spiked drums each. Since the section marked with the number four at the final part of the UCCC aggregate contains only two spiked drums, the amount of waste collected from this section was doubled for comparison purposes.
During the experiments, raw cotton of the C-6524 selective variety (second industrial grade) with an impurity content of 6.8% and a moisture content of 9.2% was processed. The quantities of fine impurities separated from the first, second, third, and subsequent sections of the UCCC aggregate—counting from the cotton inlet side—were determined. For this purpose, the aspiration ducts of the fine-impurity cleaning sections were disconnected, and the impurities released during the cleaning process were collected from the lower part of the aggregate.
The processing capacity of the UCCC cotton cleaning aggregate was 6,800 kg/h. The duration of each experimental run was set at 20 minutes. The obtained results are presented in Table 1 [5].

TABLE 1. Amount of impurities separated from the fine-impurity cleaning sections of the UCCC aggregate
	Experiment repetition
	Amount of impurities separated in UCCC aggregate sections, kg/%
	Total amount, kg/%

	
	First
	Second
	Third
	Fourth
	

	1
	22/38,6
	16/28,1
	11/19,3
	8/14,0
	57/100

	2
	24/43,6
	14/25,4
	10/18,2
	7/12,8
	55/100

	3
	20/35,7
	15/26,8
	12/21,4
	9/16,1
	56/100

	Average
	22/39,3
	15/26,8
	11/19,6
	8/14,3
	56/100



As can be seen from the experimental results presented in Table 1, the amount of fine impurities separated from the fine-cleaning sections of the UCCC cotton cleaning aggregate is highest at the cotton inlet section of the aggregate and then gradually decreases along its length, as shown in Table 1. Thus, it was determined that the sections located at the front part of the UCCC aggregate account for 39.3% of the total amount of separated fine impurities due to the intensive release of contaminants at this stage.
From these results, it can be concluded that the concentration of dust in the dust-laden air extracted by the aspiration system from the inlet sections of the UCCC cotton cleaning aggregate is higher than that in the subsequent sections. This is because, according to the recommendations [4], the volume of air extracted from the waste bunker of each section of the UCCC aggregate (0.5 m³/s) is the same. Consequently, at equal air flow rates, a relatively larger amount of dust (waste particles) is transported from the inlet sections.
Unfortunately, the aspiration system shown in Figure 1 is inevitably less efficient, since the large-diameter connecting pneumatic duct is installed at the final cleaning section of the UCCC aggregate. If the concentration of dust-laden air increases progressively along the length of the aggregate and additional air is drawn in due to loss of airtightness of the pneumatic duct, the efficiency of the cleaning system may decrease significantly or clogging may occur within the pneumatic duct. This is because the degree of efficiency reduction depends on the airtightness of the aspiration system and the dispersion or fractional composition of the dust (see Figure 2).
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FIGURE 2. Fractional composition of waste separated during the cotton cleaning process by industrial cotton grades.

As can be seen from the histogram in Figure 2, during the cotton cleaning process the proportion of mineral impurities varies within the range of 30–32%, while the content of organic impurities ranges from 46% to 49%, and fibrous impurities vary from 24% to 19%, depending on the industrial cotton grade. The predominance of organic impurities released during the cleaning process is directly related to cleaning efficiency; therefore, these data must be taken into account when adjusting the aerodynamic regime of the aspiration system.
Significant improvements in addressing the environmental challenges of cotton cleaning enterprises can be achieved by optimizing the operation of pneumatic conveying and aspiration systems aimed at reducing the consumption of technological air. This approach enables the development of aspiration systems with optimal technological parameters for cotton cleaning equipment, eliminates mismatches between the performance characteristics of cyclones and centrifugal fans, and ultimately increases dust separation efficiency.
In particular, a centrifugal fan is used to transport dust-laden air through the aspiration system to the cyclone. The air-handling capacity of the centrifugal fan must correspond to the hydraulic resistance of the cyclone, which depends on its volume. In addition, the velocity of the dust-laden air at the cyclone inlet, as delivered by the centrifugal fan, must be such that maximum separation of dust particles from the air stream is achieved upon entering the cyclone.
In the existing aspiration system of the UCCC aggregate, the discharge duct of the suction fan has a rectangular cross-section F0, to which a cylindrical diffuser of length l and cross-sectional area F1 is connected. As the diffuser expands at an angle α, the air velocity changes from V0 to V1 before entering the air duct.
In the diffuser, due to its gradual expansion, a portion of the dynamic pressure is converted into static pressure, resulting in a reduction of the airflow velocity from V0 to V1. Consequently, the additionally generated static pressure H1st is determined by the difference between the dynamic pressures at the narrow cross-section H1g and the wide cross-section H11g of the diffuser, taking into account the pressure loss ΔH [6, 7, 8] (see Figure 4).
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FIGURE 4. Aerodynamic characteristics of the centrifugal fan and pressure variation
Pressure: 1 – total; 2 – static; 3 – dynamic

From the above analysis, it can be concluded that the efficiency of dust-laden air purification in the aspiration systems of existing UCCC aggregates is low. In many cotton cleaning enterprises, the discharge of dust-laden air rising upward from the outlet ducts of centrifugal cyclones can be observed. In order to eliminate these shortcomings, a scientific research direction was selected, and a plan for conducting practical experiments was developed.
The dust collection efficiency of the aspiration system of the UCCC aggregate was determined based on the difference between the air impurity levels at the inlet and outlet of the dust collector (cyclone), using the following expression:
, %				 (1)
where: d1–dust concentration of the air entering the dust collector, mg/m³; 
      d2– dust concentration of the air leaving the dust collector, mg/m³.
The hydraulic resistance of the cyclone is determined using the following expression:
					(2)
where: ρ – air density at the calculated section of the cyclone, kg/m³;
  V – air velocity, m/s; 
   f – hydraulic resistance coefficient.
The air velocity is determined using the following expression:
					(3)

where:   Pd– dynamic pressure, Pa;
g – acceleration due to gravity, m/s²;
γ– air density, kg/m³
The air density, when its pressure and temperature are known, is determined according to the Clapeyron equation using the following expression [61]:

					(4)
where: – absolute air pressure, mm Hg;
T – absolute temperature, °C;
R – specific gas constant, which has different values for different gases but does not depend on temperature or pressure (for air, R=287 J/(kg·K)).
Under standard conditions, when T=20°C, p=101,325 Pa, and R=287 J/(kg·K), the air density calculated using equation (4) is: 
.
The air flow rate is determined using the following expression:

In this case, the concentration of dust-laden air drawn into the aspiration system of the UCCC aggregate is determined as follows:

Using the same approach, the concentrations of dust-laden air drawn into the aspiration system for each selected section of the UCCC cotton cleaning aggregate can be determined based on the experimental results presented in Table 3. In these calculations, it was taken into account that each section is connected to two suction ducts and that the air flow rate in each suction pneumatic duct is equal to 0,5 m³/s.
The results of the calculations are presented in graphical form in Figure 5.
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FIGURE 5. Concentration of waste-laden air extracted from each selected section of the UCCC cotton cleaning aggregate 

Analysis of the graph presented in Figure 5 shows that the concentration of dust-laden air extracted into the aspiration system varies significantly among the selected sections of the UCCC aggregate. Due to the relatively high amount of dust released from the first section located on the cotton inlet side of the UCCC cotton cleaning aggregate, the concentration of dust-laden air extracted from this section is the highest, reaching 18,33 g/m³ (183,3 mg/m³).
In contrast, in the section located closer to the outlet of cleaned cotton—namely, the selected fourth section – the concentration of dust-laden air extracted into the aspiration system is the lowest, amounting to 6,66 g/m³ (66,6 mg/m³). This indicates that a comparatively smaller amount of dust is released from this section.
From the above analysis, it can be concluded that installing pneumatic ducts of identical diameter and extracting equal volumes of air from all sections of the UCCC cotton cleaning aggregate selected as the experimental object inevitably leads to inefficient operation of the aspiration system.
The validity of the above conclusions can also be demonstrated using the following formula:
					(6)
where: Hp – pressure loss due to the movement of dust-laden air in the pneumatic duct;
H0 – pressure loss due to the movement of clean air in the pneumatic duct;
K – resistance coefficient for the movement of dust-laden air in the pneumatic duct, determined experimentally;
μ – concentration of dust-laden air in the pneumatic duct.
The pressure loss of clean air during its movement in the pneumatic duct, H0 is determined using the following expression:
					(7)
where: λ – friction coefficient;
l – length of the pneumatic duct, m;
D – diameter of the pneumatic duct, m;
ρ – air density, kg/m³;
V – air velocity, m/s.
If the pressure loss of clean air during its movement in the pneumatic duct, H0 is assumed to be identical for all selected sections of the UCCC aggregate, then, according to Equation (9), it can be observed that the pressure loss associated with the movement of dust-laden air in the pneumatic duct is primarily influenced by the concentration of dust in the air, provided that the duct diameter is taken as constant.
First, calculations were performed for the aspiration system of the selected Angor cotton cleaning enterprise under existing operating conditions. Taking into account that the diameter of the initial pneumatic ducts in each section of the UCCC cleaning aggregate is 160 mm, the pressure losses during the transport of clean air were determined using Equation (10). During the calculations, the length of the initial pneumatic duct in each section was assumed to be approximately 2000 mm. The friction coefficient was taken as 𝜆=0,008 and the air density was assumed to be 1,2 kg/m³.
Subsequently, using equation (6) and considering the experimentally determined concentrations of dust-laden air in each section of the UCCC cleaning aggregate, the pressure losses associated with the movement of dust-laden air in the pneumatic duct were also calculated [11-29].
The calculated results are presented in Table 2. As can be seen from the data presented in Table 2, the pressure loss in the aspiration system of the UCCC cleaning aggregate is directly dependent on the concentration of dust-laden air released during the cleaning of raw cotton in the selected sections. According to the experimental results, while the pressure loss during the movement of clean air in the pneumatic duct remained constant across all sections at 1,5 kgs/m³, the pressure loss associated with dust-laden air varied from 1,72 to 1,58 kgs/m³, depending on the dust concentration.

TABLE 2. Calculated pressure losses during the movement of dust-laden air in the pneumatic duct of the existing selected aspiration system
	UCCC aggregate sections
	Pneumatic duct diameter, mm
	Pneumatic duct length, mm
	Pressure loss during clean air transport, Н0, kgf/m³
	Pressure loss during dust-laden air transport,Нр, kgf/m³
	Difference, Нр- Н0, kgf/m³

	1
	160
	2000
	1,5
	1,72
	0,22

	2
	
	
	
	1,65
	0,15

	3
	
	
	
	1,61
	0,11

	4
	
	
	
	1,58
	0,08

	Total:
	
	
	
	
	0,56



Thus, in the existing selected aspiration system of the UCCC cotton cleaning aggregate, the total pressure loss associated with the movement of dust-laden air in the pneumatic ducts across its four sections amounts to 0.56 kgf/m³, compared with the pressure loss during the movement of clean air. The pressure losses are relatively higher in the first and second sections located on the cotton inlet side of the UCCC aggregate, which is due to the greater amount of dust released during the cotton cleaning process in these sections.
When the additional air intake caused by loss of airtightness in the aspiration system is not taken into account, and considering the experimentally determined dust concentrations in each section, the efficiency of the aspiration system can be improved by increasing the diameter of the suction pneumatic ducts for each section. For example, let us calculate the pressure losses assuming that the diameter of the suction pneumatic ducts for each section of the UCCC cleaning aggregate is increased to 200 mm.
The results of these calculations are presented in Table 3.

TABLE 3. Calculated pressure losses during the movement of dust-laden air in the pneumatic duct of the recommended aspiration system
	UCCC aggregate sections
	Pneumatic duct diameter, mm
	Pneumatic duct length, mm
	Pressure loss during clean air transport,  Н0, kgf/m³
	Pressure loss during dust-laden air transport,Нр, kgf/m³
	Difference, Нр- Н0, kgf/m³

	1
	
200

	
2000
	
0,76
	0,87
	0,11

	2
	
	
	
	0,83
	0,076

	3
	
	
	
	0,81
	0,055

	4
	
	
	
	0,80
	0,04

	Total:
	
	
	
	
	0,28



As can be seen from the data presented in Table 3, when the additional air intake caused by loss of airtightness in the aspiration system of the UCCC cotton cleaning aggregate is not taken into account, and when the experimentally determined dust concentrations in each section are considered, it is advisable to increase the diameter of the suction pneumatic ducts for each section from 160 mm to 200 mm in order to improve the efficiency of the aspiration system.
Accordingly, it is recommended that the diameters of the aspiration ducts connected to the waste bunkers of the first, second, third, and fourth sections—starting from the cotton inlet side of the UCCC aggregate—be selected as 200 mm. Under these conditions, due to the increase in duct diameter, the pressure loss in the aspiration system for the experimentally determined dust concentrations is reduced by approximately two times compared to the existing system with 160 mm pneumatic ducts. Based on the experimental data and calculation results obtained in this study, it can be concluded that, for UCCC-type cotton cleaning aggregates, increasing the diameter of the aspiration pneumatic ducts designed to transport waste separated from each initial section from 160 mm to 200 mm is technically justified and effective. In addition, it is considered optimal to place the large-diameter connecting pneumatic duct (with a diameter of 500 mm) at the midpoint along the length of the UCCC cotton cleaning aggregate, thereby dividing it into two equal sections. In this configuration, dust-laden air extracted from each section is conveyed to the main pneumatic duct without mixing with air streams from other sections, meaning that the dust concentration remains unchanged until it enters the main duct.
In contrast, in the existing UCCC cotton cleaning aggregate used as the experimental object, dust-laden air extracted from each section starting from the cotton inlet side sequentially mixes with dust-laden air from subsequent sections. As a result, the dust concentration increases progressively along the length of the aggregate. As established earlier, an increase in dust concentration leads to an increase in the resistance coefficient to airflow in the pneumatic duct, which in turn results in higher pressure losses. Under such conditions, an increase in the power of the fan in the aspiration system becomes necessary, a fact that is confirmed by practical observations. Indeed, in many cotton cleaning enterprises, the aspiration systems of existing UCCC cotton cleaning aggregates are equipped with 1VC centrifugal fans driven by 75 kW electric motors.
RESEARCH RESULTS
Let us assume that the air is initially at rest and that it resists the falling particle only due to viscous drag, which generates a frictional force. At the initial stage, the particle falls with uniform acceleration; subsequently, under the influence of frictional forces, its motion gradually slows down. After a certain period of time, the falling velocity becomes constant (terminal velocity), which can be determined as follows [9]:
                                         		   (8)
where: 𝑘 – proportionality coefficient.
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	FIGURE 6. Motion of impurity particles in the pneumatic duct of the aspiration system at the resultant velocity ϑр (a) and the system of forces acting on the particle (b)



From Equation (8), the following relationships can be obtained:
= R and  
hence: 
  						  (9)
Equation (9) is based on experimental data corresponding to average values of the velocity 𝜗 [9]. At low particle velocities, a linear relationship exists between the resistance force 𝑅 and the velocity ϑ. If the air begins to rise with a velocity equal to 𝜗 relative to the particle, the particle ceases to fall and remains in equilibrium (suspension condition). In this case, the particle velocity is defined as the lifting (or terminal) velocity.
  						  (10)
where: c – drag (resistance) coefficient;
F – projected area of the solid body normal to the direction of motion;
ρ – density of the medium;
ϑ – velocity of the falling solid body.
By comparing Equations (8) and (10), the following relationship can be obtained:
  
From this, the velocity of motion of an impurity particle in the pneumatic duct can be expressed as:
  						 (11)
If the impurity particle is assumed to be spherical, its mass can be expressed as:
,
where: Vs – particle volume;
  – volumetric weight (specific weight) of the particle, N/m³.
The projected area of the particle is determined as:

At an air temperature of 𝑡 = 20∘C, the air density is:

Substituting the values of 𝑚, 𝐹 and 𝜌 into Equation (11) and performing several transformations yields:
 						 (12)
where: ds – particle diameter, m.
If the temperature differs from the adopted value of 𝑡 = 20∘C, the density of the medium 𝜌 must be recalculated accordingly. In practice, impurity particles are not always spherical; however, for irregularly shaped particles, an equivalent spherical diameter 𝑑𝑒𝑞 corresponding to a particle of equal mass may be used.
 						 (13)
where: V – particle volume.
The value of the drag coefficient 𝑐 in Equation (10) depends on the Reynolds number 𝑅𝑒 and can be determined using the following empirical relationships [9,10]:
  If         Rе˂1 ,                                                                             (14)
If                              (15)
If 	  Rе˂2000,       	  			         (16)
In the aspiration system of the UCCC aggregate, the initial pneumatic ducts with smaller diameters are connected to subsequent pneumatic ducts of larger diameter. In the downstream pneumatic duct, the change in airflow velocity is associated with the merging of two separate flows into a single flow. To determine the direction and velocity of the combined flow, a parallelogram is constructed using the momentum vectors 𝑚1𝜗1 and 𝑚2𝜗2 (see Figure 7). The diagonal 𝑄 of this parallelogram defines the direction of the combined flow.
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FIGURE 7. General case of the merging of airflows moving at an angle to each other

The magnitude of the resultant momentum can be determined as follows:

The average velocity of the merged flow is given by:
                                                            	  (17)
If the directions of the merging airflows are parallel to each other (as in the present case), then 𝛼=0 and 𝛽=0 and consequently cosα=1 and cosβ=1. In this case, the average velocity of the combined flow, depending on the mass flow rates, is determined as:
                 	                                                  (18)
Under these conditions, the direction of the combined flow remains unchanged, and only the velocity associated with the combined mass flow changes. In the proposed aspiration pneumatic duct connection design for the UCCC cotton cleaning aggregate, the airflow enters the main large-diameter pneumatic duct in a direction parallel to it. As a result, lower resistance to the dust-laden air is expected, leading to reduced pressure losses [11-29].
Dust-laden material separated from the fine-impurity cleaning section of the UCCC aggregate is drawn into a pneumatic duct having a certain curvature or bend and is conveyed to the main large-diameter duct while traveling a distance 𝐿. Treating the dust-laden material as a collection of dust particles, its motion within the airflow is analyzed under the action of external forces. First, the transport of dust-laden material along the arc segment is examined, taking into account the masses of the impurity particles during their transfer to the main large-diameter pneumatic duct.
Figure 8 illustrates the schematic diagram of the external forces acting on a fine impurity particle during its motion along the arc segment  in the initial pneumatic duct of the aspiration system.
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FIGURE 8. Schematic diagram of the motion of impurity particles along the arc  in the initial pneumatic duct

The differential equation describing the motion of fine impurity particles along the arc  can be expressed as follows [11, 12].
 					(19)

     	  (20)
From Equation (20), the normal pressure force exerted by fine impurity particles on the surface of the pneumatic duct is determined:
					(21)
By substituting the value of the normal pressure force 𝑁 from Equation (21) into Equation (20), the following expression is obtained:
     	          (22)
Equation (22) is then reduced to a simplified form:
                  (23)
Equation (23) represents a second-order nonhomogeneous differential equation, which can be expressed as the sum of its homogeneous and particular components in the following form:
    or 
                		  (24)
To determine the general solution of the differential equation (24), we first solve its homogeneous part. For simplification, the substitution α + γ = β is introduced.
The solution is expressed as:
Z =Z1 +Z2
where: 𝑍1 – solution of the homogeneous equation;
𝑍2 – particular solution of the nonhomogeneous equation.
 we introduce the substitution
then, 
			 (25)
Substituting  into equation (25), we have


Using the initial condition for the motion of fine impurity particles, t=0  we obtain 

Rewriting this expression in integral form:

Integrating both sides gives

or
 				(26)
Applying the initial condition Using the initial condition, the integration constant c2 is determined as follows:
t=0  . Substituting the determined value of 𝑐2 into Equation (26), we obtain:



                                                                                 (27)
To determine the general solution of the differential Equation (25), we now calculate its nonhomogeneous (particular) part. The particular solution is assumed in the form:
  				(28)
The first and second derivatives of 𝑍2 are:


Substituting this expression into Equation (25), we obtain:



From this expression, the constants AAA and BBB are determined by solving the resulting system of equations:



 ,
		 (29)
As a result, the general form of the equation describing the motion of fine impurity particles along a small curved section in the initial pneumatic duct is obtained as:
  	(30) 
The improved Equation (30) makes it possible to calculate the motion parameters of fine impurity particles separated from cotton during cleaning in UCCC-type cotton cleaning aggregates, depending on the curvature angle of the inlet pneumatic duct, the friction coefficient of the waste pneumatic duct, and the mass of dust particles.
Using Equation (30), the trajectories of dust-laden airflow were determined in the Maple-6 software environment, and the corresponding graphical results are presented in Figure 9.
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FIGURE 9. Vectors of electromotive force (EMF) Motion of dust-laden material in the pneumatic duct during the transfer of impurity particles with different masses—1: 𝑚1=0,5g, 2: 𝑚2=1,0 g, and 3: 𝑚3=1,5 g – into the main large-diameter pneumatic duct, showing the dependence on arc length (left) and on the central angle during transfer to the main duct (right).

From the graphs presented in Figure 9, it can be observed that, during the motion of mineral and organic waste separated from the UCCC cleaning aggregate through the initial pneumatic duct, it is necessary to take into account the particle mass, the friction coefficient between the particles and the duct surface, as well as the external forces acting on the particles.
CONCLUSIONS
Based on the resultant motion of impurity particles in the pneumatic duct of the aspiration system at the resultant velocity 𝜗𝑝 and the forces acting on them, the governing equations describing the motion of dust-laden airflow were derived.
It was established that when impurity particles separated from the fine-impurity cleaning section of the UCCC cotton cleaning aggregate enter the initial pneumatic duct with an initial velocity of 0,25 m/s, the coordinates at which the particles impact the conical surface of the pneumatic duct are  𝑋=1,26×10−3 m and 𝑌=3,64×10−1 m. When the initial velocity increases to 1,0 m/s, the impact coordinates shift to X=1.,4×10−1  m and Y=2,84×10−1 m. Therefore, in order to improve the transport of fine impurity particles into the pneumatic duct, it is advisable to ensure a higher initial particle velocity.
In the fine-impurity cleaning section of the UCCC aggregate, when the mass of a fine impurity particle separated from the cotton flow is equal to 𝑚, the corresponding coordinates of impact on the conical surface are 𝑥3 and 𝑦3. Taking into account the mass-based fraction distribution of the main fine impurity particles, it is recommended to select the positioning coordinates of the conical surface of the initial pneumatic duct as 𝑥 =𝑥opt and 𝑦=𝑦opt, which ensures more efficient transfer of impurity particles into the main pneumatic duct. 
In the fine-impurity cleaning section of the UCCC aggregate, when the mass of a fine impurity particle separated from the cotton flow is   kg, the coordinates of impact on the conical surface are X=1,71×10−1 m and Y=2,62×10−1  m. Considering that the mass-based fraction of the main fine impurity particles lies within the range  kg, it is recommended to select the positioning coordinates of the conical surface of the initial pneumatic duct within the ranges 𝑌k=0,35–0,40 m and X=(1,3–1,6)×10−1 m, which ensures more efficient transfer of impurity particles into the main pneumatic duct.
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