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Abstract: This study focuses on determining the direct resistance coefficient of cotton fibers within a conical confusor tube,
which is essential for optimizing rotor spinning processes. By employing mathematical modeling and computational fluid
dynamics (CFD), the study investigates how airflow characteristics impact fiber behavior. The resistance coefficient, Cx, was
calculated from experimental data and compared with theoretical models for both laminar and turbulent flows. The effects of key
parameters, such as Reynolds number and airflow velocity, on fiber resistance were analyzed. The findings indicate that an
increase in airflow velocity results in a decrease in the direct resistance coefficient. The research highlights the influence of
geometric factors in the confusor on fiber dynamics and yarn quality, providing insights for enhancing rotor spinning efficiency.

Keywords: Rotor spinning, cotton fibers, airflow, direct resistance coefficient, confusor tube, CFD, Reynolds number, yarn
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Introduction. Rotor spinning is a prominent technology in modern textile
manufacturing, celebrated for its cost-effectiveness, high productivity, automation
capabilities, and versatility in producing various yarn types [1-4]. The rotor component
is central to this spinning process, playing a critical role in channeling fibers through the
airflow, transporting them into the rotor, and facilitating their collection in the rotor shaft.
However, the interaction between airflow and fiber orientation can adversely affect yarn
quality [5]. Consequently, understanding and optimizing airflow dynamics is crucial for
improving the rotor spinning process. Analyzing the airflow characteristics helps
elucidate how different geometric and spinning parameters influence airflow patterns
and yarn properties [6].

Numerous studies have utilized computational fluid dynamics (CFD) to investigate
airflow within rotor spinning systems. In 1996, Kong and Platfoot [7] introduced a two-
dimensional (2D) model to simulate airflow patterns in the conveying zone of a rotor
spinning machine. Their findings indicated that changes in fiber configuration, geometric
dimensions of the confusor, or the speed of the opening roller could alter airflow
directions. Yang and colleagues [8] later developed a three-dimensional (3D) simulation
of the airflow in both the transfer channel and the rotating rotor, revealing that airflow
velocity decreased at the slip wall and high-pressure regions were concentrated at the
slip wall and rotor blade. Further insights into 3D airflow dynamics within the rotor
spinning chamber were provided by Lin et al. [9] and Xiao et al. [10], who examined how
geometric and rotational parameters impact airflow patterns, offering valuable
guidelines for optimizing rotor design and spinning settings.

In addition to simulations, experimental studies have also been conducted to
explore how airflow affects fibers and yarns. Zeng and Yu [11], Guo and Hu [12], and Pei
et al. [13] employed high-speed photography to analyze fiber movement in different air-
jet spinning environments. Seyedi et al. [14] investigated fiber migration in a new rotor-
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jet spinning system with varying parameters, while Seyed et al. [15] and Lin et al. [16]
compared yarn quality to assess how optimizing the baffle airflow area impacts yarn
properties. Akankwasa et al. [17] examined blended yarn quality to validate simulated
airflow characteristics in both conventional and two-feed rotor spinning machines.
Despite these efforts, there remains a gap in visual experimental data on airflow within
rotor-spinning devices under industrial conditions.

The airflow area in the confusor is critical because it significantly affects the fiber's
configuration and the yarn's properties. Geometrical parameters are important in
influencing the properties of airflow in yarn. To evaluate the influence of the geometric
parameters of the confusor on the airflow characteristics and the cotton fiber's direct
resistance coefficient, the confusor tube's calculations with a conical shape were adopted
[18-25].

Methods. The relationship between the resistance of a flat plate deflected by an
incompressible fluid flow and the Reynolds number Re of the incoming flow is known:

- for laminar flow

1.328
w = ReO.S
- for turbulent flow
0.073
w = ReO.Z

Where: Re- Reynolds number

Sw- direct resistance coefficient.

Works [20-21] are also characterized by the dependence of S:(V) characteristic of
small numbers of textile yarns, that is, for the case of laminar flow. The proof of this fact
or, in general, the method of determining the nature of the flow around the results of the
experiment can be processed experimental data in such a way that the desired
relationship is expressed in the following form and is determined by the values of A and
a, which are constant for the given speed range. - for laminar flow

1.328
w = ReO.S
- for turbulent flow
0.073
w = poo2

Where: Re- Reynolds number

Sw- direct resistance coefficient.

Works [20-21] are also characterized by the dependence of Sx(V) characteristic of
small numbers of textile yarns, that is, for the case of laminar flow. The proof of this fact
or, in general, the method of determining the nature of the flow around the results of the
experiment can be processed experimental data in such a way that the desired
relationship is expressed in the following form and is determined by the values of A and

a, which are constant for the given speed range.

A
Cx = W (1)

if the indicator «a is close to 0.5, then the flow can be considered laminar.
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Results and Discussion. The nature of the deviation depends on the Reynolds
number Re of the boundary layer, which may differ from the Re number of the incoming
flow.

In contrast to [19-20], where the least squares method was used, we use the
logarithm method to describe the curves close to the degree.
IgC=lgA-algl (2)
We determine the expression of the dependence of the resistance coefficient on the
air speed in the pipe.
We present the equation for Cy (o).
We logarithmize both sides of the equation C, = l;ia

As a result

A
gty =19 52
lgC, =1lgA — lg9°
lgC, =lgA — alg?d
A
W) =5
lgC =1gA —2lgy
Using the above equation (3.23), we form the expression of the dependence of the

resistance coefficient on the exit surface using the dependence of the airspeed on the exit
surface.

A
lgC = lgﬁ—a

A
> a
=
9 .em't = 412

o

\ )

Using the expression (3.26), we get graphs using the Maple program.

C@) = (3)
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Figure 1. The graph of fiber resistance coefficient dependence on different surfaces Sy,
So02, So3, and airspeed.
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Fibers in a conical tube along the axis OX of the outlet of the tube to the surface
value Sy, = 14.51mm?, Sy, = 12.56mm?, Sy3 = 10,75mm? values Graph of dependence
on airspeed (Figure 1) was obtained. It can be seen from the graph that the air resistance
decreases as the speed increases.

According to experience, it is assumed that Sx and ¥ are known. The nn-line (Fig. 2)
is constructed using points [gCx and Ig¥. By measuring the slope angle g, we determine
the constant a=tgy and calculate the value of vy.

There may be several intersecting straight lines in the studied speed range (for one
experiment). In this case, the formula is copied for each pair of values of A and a, that is,
for each subrange.

»

lgC Lgs

n
>

Figure 2. The working diagram of determining the indicator of the angle of inclination
of the confusor pipe.

The results of experimental data processing show that the coefficient of resistance
when spinning cotton fibers in a square channel is expressed in the form (1), its
coefficients have the following values: A=4,000; a=0,7+1,3; ¥- air speed, m/s.

This means that when a < 1.0, the flow in the layer is laminar, at high airspeeds and
with the presence of fibrous components in the flow, a 21.1 or more (up to a<1.30),
laminar flow is disturbed exists, turbulent diffusion phenomena are formed in the
boundary layers of the fibers, which can change the direction of the fibers in the cavity
[21].

The cotton fibers in the narrowing channel showed that the shrinkage coefficient is
a=0,8+1,15, which means that the Re numbers are very small, which means that the
viscous force's role in the thin fiber's boundary layers is extremely important. So, unlike
a rectangular channel, the airflow here is regulated to a certain extent and moves with
relatively less distortion, that is, more laminar.

Conclusion. The analysis of the direct resistance coefficient of cotton fibers in a
conical confusor tube reveals that airflow characteristics significantly influence fiber
behavior and yarn quality. The mathematical models and experimental data indicate that
increasing airflow velocity reduces the resistance coefficient, demonstrating that airflow
dynamics play a crucial role in fiber transport and yarn formation. The study confirms
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that at lower velocities, laminar flow conditions prevail, whereas higher velocities
introduce turbulence, affecting fiber alignment and yarn properties. These findings
underscore the importance of optimizing confusor design and airflow parameters to
enhance rotor spinning performance. The insights gained can be applied to refine
spinning technologies, improve yarn quality, and increase production efficiency in textile
manufacturing.
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