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Abstract. In this article, the possibility of controlling the movement of 
fibers inside the tube in a certain process by changing the dimensions of 
the tube of the pneumomechanical spinning machine confusor was 
determined. As a result of processing the experimental data, taking into 
account the deformation of the belt element, a formula was obtained that 
clearly expresses the increase in the drag force with the increase in the 
values of the airflow speed. Also, to improve the level of straightening of 
the fibers during the flow in the tube, the optimal values of the air speed 
along the OX axis of the fibers in the conical tube, the surface value of the 
outlet part of the tube, the slope angle, and the air resistance coefficient 
were determined. 

1 Introduction
Because of its good economic prospects, the textile industry uses pneumomechanical 
spinning technology extensively. The rotor is the most crucial part of the 
pneumomechanical spinning apparatus, and the quality of the yarn is greatly influenced by 
its speed. According to Chen and Slater's study [1], when speed increases, the rotor's flow 
behavior alters dramatically. Twisting mechanics and rotor spinning under various 
operating circumstances were investigated by Kocyo and Lawrence [2]. Xiao et al.'s 
analysis [3] of the impact of rotor speed and geometrical parameters on airflow revealed 
that the angular velocity and slip angle had achieved good axisymmetry of the spiral 
structure in the rotor's meridional plane. 

Research has been conducted on the airflow within the confusor of a rotor-
spinning machine. Lawrence and Chen [4, 5] optimized the confounder's design in 
conjunction with the empirical formula and utilized a high-speed camera to record the fiber 
shape during the fiber transfer procedure. Kong and Platfoot [6, 7] discovered that altering 
the mixer's geometric dimensions or the discrete drum's speed had an impact on the mixer's 
airflow pattern. The fibers moving inside the channel are then rearranged by the airflow. 
Additionally, they looked into how spinning zones affected the fiber structure in the 
channel during transmission. The effects of the confusor's geometrical parameters and the 
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distance between the rotor and the channel on the airflow properties in the rotor spinning 
machine were investigated by Lin et al. [8, 9, 10]. 

The most popular innovative spinning technology is pneumomechanical spinning, 
which offers the ability to create a wide range of new yarns, high efficiency, low 
manufacturing costs, and process automation [11, 12, 13, 14]. As it moves the fibers along 
the airflow channel, transfers them inside the rotor, and aids in gathering them in the rotor 
shaft, the rotor is an essential component of the spinning process. Airflow can also disrupt 
fiber orientation at the same time, which lowers the quality of the yarn [15]. As a result, 
airflow studies can offer important standards and practical insights into comprehending and 
improving the rotor spinning process. A few examples of these include the characteristics 
of the airflow field and the impact of geometric and spinning parameters on the airflow 
within the rotor spinning box, which in turn affects the yarn's properties [16]. 

Utilizing computational fluid dynamics (CFD) techniques, the airflow field inside the 
rotor spinning chamber has been the subject of most studies. A two-dimensional (2D) 
computer model was created and flow patterns in the conveying zone of a rotor-spinning 
machine were simulated by Kong and Platfoot [17] in 1996. Their findings showed that 
altering the fiber configuration after adjusting the confusor's geometrical dimensions or the 
opening roller's speed could impact the direction of airflow. In a computational model of 
three-dimensional (3D) movement in a transmission channel with a rotating rotor, Yang et 
al. [18] found that the airflow velocity decreased at the slip wall and that high-pressure 
regions were on the slip wall and rotor shaft due to the swirling motion created by the 
rotating rotor. Additional insights into the three-dimensional airflow properties in the rotor 
spinning box are offered by investigations by Lin et al. [19] and Xiao et al. [20]. They 
investigated the impact of significant geometrical and rotational characteristics on the 
airflow patterns by simulating 3D airflow in a rotor-spinning machine. Important 
recommendations for choosing and maximizing rotor design and spinning parameters are 
provided by their study and findings. 

Experiments have been carried out by certain researchers to investigate the impact of 
airflow on yarns and fibers. High-speed photography was used by Zeng and Yu [21], Guo 
and Hu [22], and Pei et al. [23] to record and examine the movement of fibers in the airflow 
field in various air-jet spinning situations. The fiber migration in the airflow field of a novel 
rotor-jet spun yarn with adjustable rotor-jet spinning parameters was examined and 
analyzed by Seyedi et al. [24]. To compare the yarn quality, Seyed et al. [25] and Lin et al. 
[26] carried out a spinning test, which verified the impact of the optimized confusor airflow 
area on the yarn qualities. Together with assessing blended yarn quality, Akankwasa et al. 
[27] supported computerized findings regarding airflow parameters in both conventional 
and two-feed section rotor spinning machines. Numerous rotor-spinning machine airflow 
simulations exist, as do several experimental techniques for figuring out and researching 
airflow's impact on yarns and fibers. Nevertheless, there are no visible experimental 
findings regarding the airflow within the rotor-spinning apparatus in an industrial setting. 

Specifically, the air suction at the rotor's exit and the rotor's high-speed rotation govern 
the air suction and rotation mechanisms, which together drive the rotor spinning process. 
To achieve fiber transmission, transfer, and collection, the rotor spinning machine creates 
an adequate air flow field based on these two operational conditions. The impact of two 
operating conditions on the airflow field in a rotor-spinning machine has been examined in 
several papers. When Xiao et al. [20] investigated how rotor speed affected airflow, they 
found that the rotor's flow structure altered significantly as rotor speed varied. According to 
research by Lin et al. [19, 28], at lower rotor speeds, more vortices can form around the 
rotor tube, and at much higher rotor speeds, more yarn breakage may result. Their rotor exit 
pressure research revealed that yarn manufacture can help lower rotor exit pressure. On the 
other hand, yarn qualities and fiber straightening may suffer from an increase in the 
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confusor's entrance vorticity intensity. Nevertheless, these two operating circumstances 
have not been the subject of any prior research, and experimental studies concentrate on 
their role in airflow field production, that is, the process by which the airflow field forms in 
the rotor spinning box. 

2 Methods
Aims to experimentally and numerically investigate the dynamic and static properties (i.e., 
airflow motion and air pressure) of the airflow field in a pneumomechanical spinning box. 
In the research work, it is possible to further understand the description of the airflow field 
from a practical point of view, and theoretical studies were conducted to determine the 
tensile strength of the cotton fiber. 

It was carried out on the Benetech GM8903 Thermoanemometer device specially 
designed for studying the aerodynamic properties of cotton fiber at the air transport speed 
of up to 30 m/s in the transport channel of the pneumomechanical spinning machine. 

In the process of researching the aerodynamic properties of cotton fiber in the 
pneumomechanical spinning machine, the speed of the airflow was changed from 5 m/s to 
30 m/s by gradually increasing the speed of the fan. 

Air density is found from the equation of state according to the formula:  
𝜌𝜌 = 𝜌𝜌0

𝑅𝑅∙288
760∙𝑇𝑇      (1) 

here: R- barometric pressure, mm. column of mercury; T- absolute temperature, that. 
T=2730+t; t- air temperature in Celsius under experimental conditions; ρ=0,11 kg sec2/m4- 
air density (R=718 mm and when t=370C). 

The whole experiment is aimed at measuring gravity and flow velocity, that is, 
determining their relationship, in which the flow velocity is averaged. Research work is to 
determine the force of attraction. 

As a result of processing the obtained experimental data, when calculated according to 
formula (2) and considering the deformation of the strap element, we get a relationship that 
clearly expresses the increase in the drag force with the increase in the values of the airflow 
speed. It depends on (𝜉𝜉) the taring coefficient, (𝛼𝛼) the slope angle of the pipe, (𝑆𝑆1) the 
surface of the inlet part of the pipe, (𝑆𝑆2) the surface of the outlet part of the pipe, (𝜌𝜌) the air 
density. 

𝐹𝐹 = 𝑘𝑘𝜗𝜗2 (2)

𝜗𝜗 = √𝜉𝜉 ⋅
2sin 𝛼𝛼(√𝑆𝑆1𝜋𝜋 +√𝑆𝑆2𝜋𝜋 )

𝜌𝜌  ,  m/s    (3) 

From this expression, i.e., the force resisting the cotton fiber in the pipe (2), the 
expression of the dependence of the speed of the air in the pipe on its outlet surface (3), 
putting the equation (2) into the equation, we get the equation (4), which expresses the 
force resisting the cotton fiber in the pipe. It depends on (𝑘𝑘) air resistance coefficient, (𝜉𝜉) 
taring coefficient, (𝛼𝛼) pipe slope angle, (𝑆𝑆1) pipe inlet surface, (𝑆𝑆2) pipe outlet surface, and 
(𝜌𝜌) air density. 

𝐹𝐹 = 𝑘𝑘 ⋅ 𝜉𝜉 ⋅
2 sin 𝛼𝛼(√𝑆𝑆1𝜋𝜋 +√𝑆𝑆2𝜋𝜋 )

𝜌𝜌  ,  sN    (4) 
Above, equation (4) of the dependence of the resistance force on the exit surface of the 

pipe was obtained. 
We determine the differential equation of motion as a result of the resistance force 

acting on the cotton fiber in the tube. It depends on (𝑚𝑚) mass of cotton fiber, (𝑘𝑘) coefficient 
of air resistance, (𝜗𝜗𝑥𝑥) speed, and (𝛼𝛼) slope angle of the pipe. 

𝑚𝑚 ∙ 𝑥̈𝑥 = 𝑘𝑘 ∙ 𝜗𝜗𝑥𝑥 cos 𝛼𝛼     (5) 
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We determine the solution of equation (5) to the second-order homogeneous equation in 
the following order.  

𝑚𝑚 ∙ 𝑥̈𝑥 − 𝑘𝑘 ∙ cos 𝛼𝛼 𝑥̇𝑥 = 0     (6) 
From the expression (6), we determine the solution by setting 𝑥𝑥 = 𝑒𝑒𝜆𝜆𝜆𝜆; 𝑥̇𝑥 = 𝜆𝜆𝑒𝑒𝜆𝜆𝜆𝜆;  𝑥̈𝑥 =

𝜆𝜆2𝑒𝑒𝜆𝜆𝜆𝜆 as follows. 
𝑚𝑚𝜆𝜆2 − 𝑘𝑘 ⋅ 𝜆𝜆 ∙ cos 𝛼𝛼 = 0      (7) 

The solutions of equation (7) are defined as follows.  
𝑥𝑥 = 𝐶𝐶1𝑒𝑒𝜆𝜆1𝑡𝑡 + 𝐶𝐶2𝑒𝑒𝜆𝜆2𝑡𝑡     (8) 

𝜆𝜆1 = 0 va 𝜆𝜆2 =
𝑘𝑘∙cos𝛼𝛼
𝑚𝑚      (9) 

We make the homogeneous part of the equation (5) look like this: (9) we put the values 
of the expression (8) 

𝑥𝑥 = 𝐶𝐶1 + 𝐶𝐶2𝑒𝑒
𝑘𝑘∙cos𝛼𝛼
𝑚𝑚 ∙𝑡𝑡      (10) 

We determine the constant values in equation (10) using the initial conditions. 
(𝑥𝑥)𝑡𝑡=0 = 0;  (𝑥̇𝑥)𝑡𝑡=0 = 𝜗𝜗0, (𝑥𝑥)𝑡𝑡=𝜏𝜏 = 𝑙𝑙 

𝑙𝑙 = 𝑚𝑚𝜗𝜗0
𝑘𝑘∙cos𝛼𝛼 (1 − 𝑒𝑒

𝑘𝑘
𝑚𝑚∙𝜏𝜏 cos𝛼𝛼)      (11) 

In the theoretical analysis of the movement of fibers in the tube, when choosing rational 
values of several parameters, we made the following calculations. In this case, the 
dependence of the angle of inclination of the pipe on the inlet and outlet surfaces and the 
length of the pipe, as well as the mass of fibers and the speed of air in the pipe was 
calculated.  

𝑧𝑧 = 𝑑𝑑1−𝑑𝑑0
2   

sin 𝛼𝛼 = 𝑑𝑑1−𝑑𝑑0
2𝑙𝑙   

cos 𝛼𝛼 = √1 − sin2 𝛼𝛼 =√1 − (𝑑𝑑1−𝑑𝑑0)2
4𝑙𝑙2 =

√1 −
(2√𝑆𝑆1𝜋𝜋 −2√

𝑆𝑆0
𝜋𝜋 )

2

4𝑙𝑙2   

𝑥𝑥 = 𝑚𝑚𝜗𝜗0

𝑘𝑘
√
1−

(2√𝑆𝑆1𝜋𝜋 −2√
𝑆𝑆0
𝜋𝜋 )

2

4𝑙𝑙2

 

(

  
 
1 − 𝑒𝑒

𝑘𝑘∙𝑡𝑡
𝑚𝑚  
√1−

(2√𝑆𝑆1𝜋𝜋 −2√
𝑆𝑆0
𝜋𝜋 )

4𝑙𝑙2

2

)

  
 

    

 (12) 
Using this boundary condition (𝑥𝑥)𝑡𝑡=𝜏𝜏 = 𝑙𝑙, our equation (12) is expressed in the 

following form. 

𝑙𝑙 = 𝑚𝑚𝜗𝜗0

𝑘𝑘
√
1−

(2√𝑆𝑆1𝜋𝜋 −2√
𝑆𝑆0
𝜋𝜋 )

2

4𝑙𝑙2

 

(

  
 
1 − 𝑒𝑒

𝑘𝑘∙𝜏𝜏
𝑚𝑚  
√1−

(2√𝑆𝑆1𝜋𝜋 −2√
𝑆𝑆0
𝜋𝜋 )

4𝑙𝑙2

2

)

  
 

    

 (13) 
(13) This equation represents the movement of cotton fibers in the tube. Using this 

equation, we determine the speed of the cotton fibers in the tube as follows. 

𝜗𝜗 = 𝑥̇𝑥 = − 𝑚𝑚𝜗𝜗0
𝑘𝑘 ∙ cos 𝛼𝛼 ∙

𝑘𝑘
𝑚𝑚 cos 𝛼𝛼 ∙ 𝑒𝑒

𝑘𝑘
𝑚𝑚cos𝛼𝛼∙𝑡𝑡 

𝜗𝜗 = |−𝜗𝜗𝑜𝑜 ∙ 𝑒𝑒
𝑘𝑘
𝑚𝑚cos 𝛼𝛼∙𝑡𝑡| 
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𝜗𝜗 = 𝜗𝜗𝑜𝑜 ∙ 𝑒𝑒
𝑘𝑘
𝑚𝑚⋅𝑡𝑡

√
1−

(2√𝑆𝑆1𝜋𝜋 −2√𝑆𝑆0𝜋𝜋 )
2

4𝑙𝑙2      
 (14) 

Equations (13) and (14) are calculated and analyzed in graphs using the Maple program. 

3 Results and discussions
Graphs were obtained and analyzed using the Maple program using the equations of the 
dependence of the resistance force on the output surface and air velocities in the correct 
transmission of fibers (Fig. 1). 

 
Fig. 1. Time dependence graph of resistance to cotton fiber in the tube at different speeds  𝜗𝜗1, 𝜗𝜗2, 𝜗𝜗3. 

The time dependence graph (Fig. 1) was obtained for the values of the air velocity along 
the OX axis of the fibers in the conical tube at the speeds of =1 20m/s, =2 25m/s, 

=3 30 m/s. The graph shows that the resistance to the cotton fiber in the tube decreases at 
high speeds and increases at low speeds. The lower the resistance, the better the flow of the 
fiber through the channel. 

 
Fig. 2. Graph of resistance to cotton fiber in the tube at different output surfaces  𝑆𝑆01, 𝑆𝑆02, 𝑆𝑆03 values 

versus time 
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Fibers in a conical tube along the axis OX of the outlet of the tube to the surface value 
𝑆𝑆01 = 14.51𝑚𝑚𝑚𝑚2, 𝑆𝑆02 = 12.56𝑚𝑚𝑚𝑚2, 𝑆𝑆03 = 10,75𝑚𝑚𝑚𝑚2 time dependence graph (Fig.2) 
was obtained. It can be seen from the graph that the smaller the surface, the greater the air 
resistance to the fiber. As a result, the degree of straightening of the fibers during the flow 
in the tube increases. The higher the degree of straightening of the cotton fiber, the lower 
the degree of hairiness of the produced yarn, and the smoother the yarn is obtained. 

Expression (11) represents the movement of fibers in the tube along the OX axis. Where 
(𝑚𝑚) is the mass of the fiber, (𝑙𝑙) is the length of the tube, (𝜗𝜗0) is the velocity, (𝑘𝑘) is the 
resistance coefficient, (𝛼𝛼) is the angle of inclination of the tube, (𝜏𝜏) is the time. We will 
analyze this equation in the Maple program through graphs. 

 
Fig. 3. Time dependence graph of the movement of fibers in the tube at different values of the angle 

of inclination of the tube 𝛼𝛼1, 𝛼𝛼2, 𝛼𝛼3. 

The graph of the time dependence of the fibers in the conical tube along the OX axis at 
different values of the inclination angle of the tube 𝛼𝛼1 = 20˚, 𝛼𝛼2 = 25˚, 𝛼𝛼3 = 30˚  was 
obtained (Fig. 3). In this case, the larger the angle of inclination, the more uniform the flow 
of fibers in the pipe and the better exit of fibers from the pipe. In Figure 3, it can be seen 
that the exit of cotton fibers from the tube is improved due to 𝛼𝛼3 = 30˚. 

 
Fig. 4. Time dependence graph of the movement of fibers in the tube at different values of the 

coefficient of air resistance in the tube  𝑘𝑘1, 𝑘𝑘2, 𝑘𝑘3. 
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The movement of fibers in the tube along the OX axis at different values of the air 
resistance coefficient 𝑘𝑘1, 𝑘𝑘2, 𝑘𝑘3  was obtained as a time dependence graph (Fig. 4). In this 
case, it was found that if the coefficient of air resistance decreases, the level of fiber 
straightening and fiber flow can be transmitted evenly. 

During the research work, it was determined that the degree of straightening of cotton 
fibers in the tube can be high when a certain amount of air velocity is given in the tube with 
a high slope angle. 

 
Fig. 5. The movement of fibers in the tube is a graph of the time dependence of  𝑆𝑆01, 𝑆𝑆02, 𝑆𝑆03 at 

different values of the outlet surfaces of the tube. 

The movement of fibers along the OX axis in a conical tube at different values of the 
output surfaces of the tube 𝑆𝑆01 = 14.51𝑚𝑚𝑚𝑚2, 𝑆𝑆02 = 12.56𝑚𝑚𝑚𝑚2, 𝑆𝑆03 = 10,75𝑚𝑚𝑚𝑚2 time 
dependence graph (Fig. 5) was obtained. In this case, the smaller the output surface of the 
tube, the more straightened the flow of fibers. In Figure 5, it can be seen that 𝑆𝑆03 =
10,75𝑚𝑚𝑚𝑚2 improves the exit of cotton fibers from the tube. 

 
Fig. 6. Time dependence graph of the movement of fibers in the tube at different values of air 

velocities 𝜗𝜗1, 𝜗𝜗2, 𝜗𝜗3. 

Fibers in a conical tube along the axis OX of the movement of fibers in the tube at 
different values of air speeds 𝜗𝜗1, 𝜗𝜗2, 𝜗𝜗3 time dependence graph (Fig. 6) was obtained. In 
this case, if sufficient velocity is given to the tube, fiber transmission is improved and the 
degree of fiber straightening increases. 

7

E3S Web of Conferences 538, 04009 (2024)	 https://doi.org/10.1051/e3sconf/202453804009
IPFA 2024

RETRACTED



 
Fig. 7. Graph of the dependence of time on the speed of the cotton fibers in the tube at different 

values of the output surface 𝑆𝑆01, 𝑆𝑆02, 𝑆𝑆03. 

Fibers in a conical tube along the axis OX of the speed of cotton fibers in the tube at 
different values of the output surfaces 𝑆𝑆01, 𝑆𝑆02, 𝑆𝑆03 time dependence graph (Fig.7). In 
Figure 7, it can be seen that from 𝑆𝑆03, the cotton fibers come out of the tube and the 
straightness of the fibers is improved. 

 
Fig. 8. Time dependence graph of the speed of cotton fibers in the tube at different values of the air 

resistance coefficient 𝑘𝑘1, 𝑘𝑘2, 𝑘𝑘3. 

Fibers in a conical tube along the axis OX of cotton fibers in the tube at different values 
of air resistance coefficient 𝑘𝑘1, 𝑘𝑘2, 𝑘𝑘3 time dependence graph (Fig. 8) was obtained. In this 
case, the higher the speed of the air in the pipe, the lower the resistance coefficient. 

4 Conclusion
By changing the dimensions of the tube of pneumomechanical spinning machine, it was 
possible to control the movement of fibers in the tube in a certain process. In this case, the 
degree of straightening of fibers can be improved by increasing the angle of inclination of 
the tube. Also, as a result of experimental data processing, taking into account the 
deformation of the belt element, a formula was obtained that clearly expresses the increase 
in the traction force with the increase in the values of the air flow speed. It should be noted 
that due to the differences in the geometry, structure and smoothness of the surfaces, cotton 
fibers have different values of pulling power when they are blown by air flow at a given 
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speed. In these cases, the force increased almost uniformly when the fibers were blown in a 
rectangular channel, while the tensile strength increased more rapidly when the fibers were 
blown in a tapered channel. 

Also, the lower the resistance to the cotton fiber in the tube, the better the fiber will flow 
through the channel. If the output surface of the tube is small, the resistance of the air to the 
fiber increases. As a result, the degree of straightening of the fibers during the flow in the 
tube increases. If the angle of inclination of the pipe is large, it is possible to ensure that the 
flow of fibers in the pipe is evenly transmitted and that the fibers come out of the pipe well. 
It was found that if the resistance coefficient of the air in the tube decreases the movement 
of the fibers along the OX axis, the level of straightening of the fibers and the flow of the 
fibers can be uniformly transmitted. Movement of fibers The smaller the exit surface of the 
tube, the more straightened the flow of fibers. If the air velocity of the fibers in the tube is 
given a sufficient speed, the transfer of the fibers will be improved and the degree of 
straightening of the fibers will increase. The speed of the cotton fibers in the tube at the exit 
surface value is 𝑆𝑆03 = 10,75𝑚𝑚𝑚𝑚2, so the cotton fibers exit the tube, and the degree of 
straightness of the fibers is improved. 
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