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RESEARCH ON THE MOTION MECHANISM OF YARNS WITH
DIFFERENT LENGTHS IN A PNEUMATIC TUCKED-IN SELVEDGE
AIRFLOW FIELD

Summary

Due to the requirements of the textile industry for high-speed weaving of looms,
pneumatic tucked-in selvedge apparatus is being adopted by more and more shuttleless looms.
In this paper, the fluid—structure interaction method is used to analyse and simulate the motion
law of yarns with different lengths in the pneumatic tucked-in selvedge apparatus and its
influence on the yarn tucked in. Then, the yarn movement is recorded by a high-speed camera,
and the collected experimental information is compared with the simulation results and
analysed. The results provide theoretical support for improving the quality of the yarn tucked
in and the efficiency in the pneumatic tucked-in selvedge apparatus.

Key words: Yarn, fluid—structure interaction (FSI), pneumatic tucked-in selvedge
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1. Introduction

In the textile industry, shuttleless looms are widely used because of their high efficiency.
However, due to their special weft insertion characteristics, it is impossible to form a smooth
edge in the knitting process. In order to solve the problem of raw edges formed by shuttleless
looms, different kinds of tucked-in selvedge apparatus have been invented. As an important
type of tucked-in selvedge apparatus, a pneumatic tucked-in selvedge apparatus has been
greatly popularized in recent years thanks to the in-depth research of predecessors.

In recent years, researchers have widely used the fluid—structure interaction (FSI)
algorithm to simulate the movement of fibre or yarn in the airflow field and study its spatial
movement law in the airflow field. De Meulemeester et al. [1] established a one-dimensional
mathematical model of yarn, and used Newton's second law to describe the behaviour of yarn.
They put forward a three-dimensional model of yarn on the basis of their one-dimensional
model. Delcour et al. [2] carried out a three-dimensional fluid-solid coupling simulation of the
yarn under the action of the main nozzle airflow of the air-jet loom and discussed the feasibility
of using the Chimera technology to simulate the interaction between the yarn movement and
the main nozzle airflow. Guo et al. [3] pointed out that the standard k-¢ two-equation turbulence
model ignored the anisotropic viscosity caused by the streamline curvature effect and the
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generation of extra turbulence, so they adopted an achievable k-g turbulence model to simulate
the flow characteristics in the slotted tube nozzle. This model is an eddy viscosity model, which
consists of a new model dissipation rate equation and a new realizable eddy viscosity formula
proposed by Shih et al. [4]. Ahmed et al. [5] established a computational fluid dynamics model
to simulate the air flow behaviour inside the air nozzle and used it to study, analyse, predict,
and control the influence of the rotating air flow behaviour on the fibre movement and yarn
properties. Osman et al. [6] considered the interaction between air flow and yarn and used a
three-dimensional, two-way fluid—structure interaction model to simulate the deformation wave
of free yarn clamping on one side. In the research, the yarn is simulated as a flexible cylinder,
and the arbitrary Lagrangian-Euler technique is adopted. The simulation results are compared
with the experiments quantitatively and qualitatively.

At present, a numerical research method based on the combination of the immersed
boundary method (IBM) and the lattice Boltzmann method (LBM) is widely used to study the
dynamic behaviour of fluid—structure interaction between yarn or fibre and the air flow field,
which is also the latest research result in this field. Tian et al. [7] combined the submerged
boundary method with the lattice Boltzmann method to simulate the hydrodynamic interaction
of elastic wires and determined that the immersed boundary lattice Boltzmann method (IB-
LBM) has excellent computational simulation efficiency for a class of fluid—solid structure
interaction problems that need to solve the details of the process model. Cui et al. [8]
numerically simulated the fluid—fibre interaction of a single flexible fibre in the fibre
transmission channel based on the momentum exchange immersed boundary lattice Boltzmann
algorithm (IB-LBM), which proved that this algorithm can effectively simulate the interaction
between fluid and flexible body involving large deformation. Although the above-mentioned
research is helpful in simulating and analysing the interaction between yarn and the airflow
field, there is no three-dimensional simulation analysis of the behaviour of yarns with different
lengths in the airflow.

However, the structural requirements, such as a high aspect ratio of fibre or yarn, certain
flexibility, and interaction when a contact occurs, have posed great challenges to the modelling
stage of numerical simulation. Li et al. [9] modelled the yarn path as a series of two-node beam
elements when simulating the yarn bent by a braided rope bundle and determined the path of
the braided yarn through a single parameter. Deng et al. [10] developed a yarn-level parametric
modelling method based on the Rhino Grasshopper approach. By analysing the geometric and
structural characteristics of fibre and spinning the cross-sectional shape, the stacking
distribution and yarn hairiness are established, thus establishing a three-dimensional yarn
model. Kaldor et al. [11] defined a knitting calculation model that simulated the yarn as an
inextensible curve with bending resistance. Kondora and Asendych [12] simulate the movement
of fibres by representing them as chains of elements connected together. Zhou et al. [13] regard
flexible filament as a digital chain connected by a series of rod elements and choose elastic rod
elements to simplify the model in finite element analysis.

In this paper, the interaction between yarn and the pneumatic tucked-in selvedge
apparatus is considered and explored in three dimensions. In this study, focusing on the yarn
tucked in, the macroscopic fluid model of airflow field and the finite element yarn solid model
are established in turn based on the one-way fluid—structure weak interaction algorithm, and
the complete process from the obliquely blown to the folding-in yarns with different lengths is
numerically simulated and explored by visual experiments. The main research focus of this
paper is the burrs with different lengths of yarn after weft insertion. It can complete the tucking-
in process and form the tucked-in effect under the action of airflow. During this process, the
burrs stretch slightly, which can affect the selvedge of the finished fabric at a certain level. The
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faster the burr is tucked in, the better the tucked-in effect of the burr is, the firmer the selvedge
of the finished fabric is, and the harder it is to collapse and break it. However, the shorter the
yarn burr is, the smaller the elongation of the burr is, the lower the tightness of the burr tucked
in is, and the less compact and beautiful it is. The elongation of the yarn can be controlled by
varying and optimizing the length of the yarn burr. Through simulation and experiment, we can
find the best advantage of the length of yarn burr according to actual conditions, which can
meet the requirements of fast tucking in, good tucked-in effect, firm selvedge of the finished
fabric, proper hairiness, tight burr, and compact and beautiful appearance. The results can
provide a theoretical basis for the subsequent optimization of the pneumatic tucked-in selvedge
apparatus.

2. Numerical simulation

Fluid—structure interaction (FSI) refers to the interaction between fluid and solid, which
leads to a series of phenomena related to system motion [ 14-15]. In this paper, the spatial motion
of a single solid yarn with one end fixed and the other end free in a pneumatic tucked-in airflow
field is studied. Since a single yarn has little effect on the airflow field data, a weak coupling
algorithm can be used to separate the airflow field from the yarn, and the calculated airflow
field fluid data can be converted into aecrodynamic force and transmitted to the grid nodes of
the yarn. Therefore, the one-way fluid-structure coupling algorithm is used. There is no need to
re-grid multiple times during iteration, and the calculation amount can be greatly reduced and
the convergence can be faster.

2.1  Fluid model of airflow field

The three-dimensional geometric model of a loom pneumatic tucked-in selvedge testing
apparatus with adjustable spatial multi-parameters constructed in this paper is shown in Fig. 1
(a), in which the gas pipeline includes four parts, namely three air inlet pipes, one holding pipe,
one oblique-blowing pipe, and four folding-in pipes. When the airflow in the air compressor is
ejected from the end of the oblique-blowing pipe and the folding-in pipe, the airflow is still at
a high speed. The boundary conditions of the 3D flow field model are the non-slip boundary
conditions, all the airflow hole walls (Wall) are set as non-slip boundary wall surface
conditions, and the rest (Outlet) are set as pressure outlet conditions. In order to set the static
pressure boundary conditions of the fluid field of the fluid model of the airflow field more
conveniently, accurately, and effectively, a fluid calculation field of 21 mm * 38 mm * 20 mm
is further expanded on the basis of the original three-dimensional geometric model. Inlet 1 and
Inlet 2 comprise respectively the inlet of an oblique-blowing air inlet pipe and the inlet of
folding-in air inlet pipe. Inlet 3 comprises the inlet of holding air inlet pipe. The walls of all
flow field fluid model pipes are classified as the Wall, and the other surfaces are classified as
the Outlet. Then the structured tetrahedron grid is used to mesh the fluid model of the airflow
field; the maximum mesh size of the entire watershed is 0.8 mm. Inlet 1, Inlet 2, Inlet 3, and
the Wall are all meshed with refinement. The maximum grid size of Inlet 1, Inlet 2, and Inlet 3
is 0.1mm, containing 6956, 6970, and 6947 units, respectively. The maximum grid size of the
Wall is 0.5 mm, containing 39076 units. The Outlet and the body contain 42,320 and 1,794,421
elements, respectively, and the model contains a total of 1,896,690 elements and 345,122 nodes,
as shown in Fig. 1(b).
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Fig. 1 A 3D geometric model of the pneumatic tucked-in selvedge apparatus

2.2 CFD solution mode and control equation

The basic equations of fluid mechanics (continuity equation, motion equation, energy
equation, and state equation [16]) must be satisfied when the air flows in the pipeline of the
pneumatic tucked-in selvedge apparatus or is sprayed to the working area of the pneumatic
tucked-in selvedge apparatus. In addition, due to the relationship between the radius of the air
inlet pipe and the oblique-blowing pipe, the velocity of the airflow at the junction of the air inlet
pipe and the oblique-blowing pipe is extremely high, so that the Reynolds number is as high as
1.7x10* based on the Reynolds number formula. Therefore, the fluid phase simulated in this
paper is assumed to be a three-dimensional compressible and stable viscous turbulent flow, and
the gas flow in the pipeline and the working area of the pneumatic tucked-in selvedge apparatus
belongs to a turbulent flow. At present, there are three main methods to solve the CFD problem
of fluid turbulent flow: 1. Direct numerical simulation (DNS) for simulating low Reynolds
numbers (about 200); 2. Large eddy simulation (LES), which consumes a lot of computing
resources while its application is not yet mature; 3. The Reynolds averaged Navier-Stokes
(RANS) method, which is solved by the Reynolds averaged N-S equations.

Among the three methods listed above, the Reynolds averaged Navier-Stokes method is
used in this paper as the most suitable [17-18]. In addition, referring to Shih's research, it is
found that the effect of a standard k-¢ model in simulating the flow in the pipeline is much less
strong than that of a realizable k-¢ turbulence model, so it is more practical to use the realizable
k-& model to simulate the flow in the airflow field in this paper [4].

According to the law of conservation of mass, the expression in vector form of the fluid
continuity equation per unit mass can be written as:

a_p+a(,0uj)=0’ (l)
ot Ox

J

where p is the air density, 7 is the time,u, (i=x,y,z) and x,(i=x,y,z) are the velocity
component and the displacement component in three directions, respectively.

According to the law of conservation of momentum, the expression in vector form of the
equation of motion of a fluid per unit mass is given by:
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According to the law of conservation of energy, the expression of the energy conservation
equation is specified by:
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In the formula, where # is the dynamic viscosity coefficient, 7, is the viscous stress
tensor component, x, (i =x, y,z) represents the displacement components in the three
coordinate directions, w, (i =x,y,z) denotes the velocity components in the three coordinate
directions, f,, e, q, C o Pr,and T are the stress component, internal energy, heat flux, heat

capacity, Prandtl number, and temperature, respectively.

The basic equations of flow have six independent variables, but only five equations are
provided. They are not completely closed, so it is necessary to add a state equation to close
them. The three-dimensional compressible and stable viscous turbulent airflow (air)
numerically simulated in this paper can be regarded as an ideal gas, so the expression of the
equation of state can be written as:

p=RpT=(y-1)pe, (4)
where R is the molar gas constant.

2.3 Yarn finite element model

In the numerical simulation carried out in this paper, the displacement, deformation, and
mutual contact of yarns need to be considered; therefore, the yarn with one end fixed and the
other end free will be affected by axial force, bending moment, and torque when it is in the
pneumatic tucked-in airflow field [19-20]. In this paper, it is found that neither the bar element
nor the truss element is suitable for constructing a yarn solid model. Consequently, an attempt
to construct the yarn solid model with the beam element is made resulting in success after
extensive exploration. Therefore, the spatial elastic beam element (BEAM) is selected and
simplified in the finite element analysis software ABAQUS, and the yarn solid model is
discretized into a digital chain [21] composed of continuous elastic spatial beam elements; thus,
the yarn solid model is successfully constructed. Because the finite element method is adopted
in the process, the model is called the yarn finite element model, as shown in Fig. 2.

The fixed end

/

Yarn

Beam element

\

The free end

Fig. 2 Elastic beam model of yarn
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2.4  Fluid-structure interaction algorithm

The coupling algorithm is an important link in information exchange among multiple
physical fields [22-26]. The one-way fluid—structure weak interaction algorithm proposed in
this paper can simultaneously solve the problems of two physical field data: the pneumatic
tucked-in airflow field and the yarn solid field. In this paper, the fluid data of yarn at each time
step is converted into the corresponding aerodynamic force in real time by using the one-way
fluid—structure weak coupling algorithm and transmitted to the nodes of the space elastic beam
element of solid yarn. Then, the iterative algorithm is used to calculate the displacement,
deformation, and aerodynamic force in real time, and the numerical simulation of the whole
oblique blowing and folding-in process of yarn in the pneumatic tucked-in air field can be
realized. Thus, firstly, the fluid data of the flow field of the node of the yarn elastic beam unit
needs to be extracted. Because the overlap between the fluid model unit of the airflow field and
the yarn solid model unit is small, it is impossible to achieve a one-to-one matching relationship;
therefore, the fluid data of the corresponding yarn solid unit node cannot be obtained directly
from the fluid data of the fluid model unit node of the airflow field, as shown in Fig. 3(a).

\\‘

Yarn solid model element 3 (8]
-«
I 7)
» %
I 0
5]

Fluid model element (a)

Fig. 3 Schematic diagram of the inverse distance- weighted interpolation algorithm

Fortunately, there is a strong correlation between the fluid data in the region. The inverse
distance-weighted interpolation algorithm can be used to calculate the unknown fluid data on
the yarn beam unit nodes in a certain range according to the known fluid data of the air flow
field fluid model unit nodes, and the fluid data of all yarn solid unit nodes can be successfully
extracted, as shown in Fig. 3(b). The airflow field data of any element node in the airflow field
can be calculated using the following formula [27, 28]:

z,=34z, (5)
i=1

A=t (6)

1 n —k
Zi:l di

where Z, is the estimated value of the flow field data of the node P to be interpolated, Zi

represents the flow field data value of the i-th grid sampling point, A, and d, are the weight and

distance from the i-th grid sample point to the node to be interpolated, respectively, » is the
number of grid sample points participating in the calculation, and k denotes the power exponent.
Then, the Buckingham [] theorem is applied to convert the extracted fluid data into

aerodynamic forces on each unit node. The magnitude of aerodynamic force (F) is mainly
influenced by three factors: airflow density ( p ), relative movement speed between airflow and

yarn (v ), and contact area (4).Therefore, according to the Buckingham [] theorem, it can be
deduced that the relationship between the four quantities can be written as [29, 30]:
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M=p v?A4'F= (7)

pviA

According to the engineering experience, the value of [] derived from the Buckingham
[ theorem is related to the gas resistance coefficient (C ), and its value is 1/2 the value of the
gas resistance coefficient (C, ). Moreover, the acrodynamic force (F) can be decomposed along

the axial direction and radial direction of the yarn, as shown in Fig. 4, and the following results
can be obtained:

Yarn
Fr / \ Fr
—Fa lo—r I ‘
Fa
Airflow

Fig. 4 A schematic diagram of aerodynamic force decomposition

1 1

F,=—C, ps,|v,|v,==C, prdl|v,|v, (8)
2 2
1 1

F ==C. ps |v.|v.==C pzxrl|v,|v. )
2 2

V,=VF,, V. =V—V,, (10)

where C, and C, are the axial and radial resistance coefficients of the yarn, respectively, s, 1s
the windward area of the yarn, s, is the cross-sectional area of the yarn, r, is the displacement
vector composed of two nodes of the decomposition unit, v, andv are the axial and radial

relative motion velocities of the yarn and airflow, respectively. The empirical formulas of the
axial and radial resistance coefficients of cotton yarn are obtained by fitting through many
experiments; they can be expressed as:

—0.6854

C, =0.8945-|y] (11)

—0.5254

C, =4.8246|v] (12)

Finally, the displacement of the yarn unit node is calculated by an explicit dynamic
algorithm. The explicit kinetics algorithm is an explicit algorithm based on the kinetic equation,
calculating the state at the end of the post-increment step from the known state at the end of the
pre-increment step. The dynamic equilibrium equation of the yarn solid model node is given
by:

)
0= (13)

where a,, is the acceleration at a certain time, M is the node mass matrix, P(t) and / (1 are the

external and internal forces at a node at a certain time, respectively.
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3. Numerical simulation results and analysis

In the numerical simulation, the movement of the yarn can be divided into two stable
equilibrium stages: the first stage is the movement of the yarn under the action of the oblique -
blowing airflow; the second stage is the movement of the yarn under the action of the folding-
in airflow.

In FLUENT, the relative air pressure of inlet 1 with oblique-blowing air is at first
0.04 MPa, and the relative air pressure of inlet 2 with folding-in air is 0 MPa. Obviously, there
is no folding-in airflow condition. The oblique-blowing airflow with an initial air pressure of
0.04 MPa is vertically injected into the pneumatic tucked-in airflow field at a high speed; this
affects the state of the airflow field around it, including the speed and pressure of the airflow
field, and causes the fluctuation of the airflow field. The nephogram of velocity and pressure
distribution of oblique-blowing airflow is shown in Figs. 5(a) and (b).

Velocity Magnitude

I s
210
H e

@

Fig. 5 The nephogram of velocity and pressure distribution in oblique-blowing airflow

Then, a change in the settings in FLUENT is made: the relative air pressure of inlet 1 of
oblique-blowing air is reduced to 0 MPa, and the relative air pressure of inlet 2 of folding-in air
is changed into 0.04 MPa. Thus, there is no oblique-blowing airflow condition. The folding-in
airflow with an initial air pressure of 0.04 MPa is injected horizontally into the pneumatic folded
airflow field at a high speed, which affects the state of the airflow field around it and causes the
fluctuation of the airflow field. The nephogram of the velocity and pressure distribution of the

folding-in airflow is shown in Figs. 6(a) and (b).
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Fig. 6 The nephogram of the velocity and pressure distribution of the folding-in airflow

If we compare the action stage of the oblique-blowing airflow and that of the folding-
in airflow, the difference is that the folding-in airflow is horizontally injected into an unbound
area through four folding-in pipes arranged neatly and orderly, while the oblique-blowing
airflow is vertically injected through only one oblique-blowing pipe. As a result, the velocity
and pressure states of the folding-in airflow are more stable than those of the oblique-blowing

airflow.
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In this paper, four kinds of yarns with lengths of § mm, 10 mm, 12 mm, and 15 mm are
selected to explore the influence of yarns with different lengths on yarn tucked in in a pneumatic
tucked-in selvedge apparatus. In the numerical simulation results, the 3D motion state and final
equilibrium state of yarns with four different lengths in the pneumatic tucked-in airflow field
are selected, as shown in Fig. 7. Figures 7 (a) and (b) show the oblique-blowing and folding-in
motion states of yarns, respectively.

At the beginning, yarns of four different lengths are all in a horizontal position, forming
a straight line, as shown in Fig. 7(a). After the oblique-blowing airflow affects the airflow field,
the front part of the yarn begins to move in the negative direction of the Y-axis under the action
of the oblique-blowing airflow, and the whole yarn presents an approximate V-shaped oblique-
blowing motion state. Gradually, the front section of the yarn moves in the negative Y-axis
direction, and the free end of the yarn also moves in the negative Y-axis direction along with
the front section. As a result, the entire yarn exhibits an approximately U-shaped oblique-
blowing motion state. With the continuous action of oblique-blowing airflow, the free end of
the yarn gradually moves in the negative direction of the X-axis, eventually reaching the
oblique-blowing balance state, and the whole yarn presents an approximate "1"-shaped oblique-
blowing motion state. The longer the yarn length, the longer it takes to complete the whole
oblique-blowing process. From Table 1, one can conclude that the yarn will be slightly
elongated during the whole oblique-blowing process, and its elongation will increase with an
increase in the yarn length. The aerodynamic force becomes smaller with the distance from the
inclined, oblique-blowing pipes, but the influence range becomes larger.

After the yarn is in the oblique-blowing equilibrium state under the action of oblique-
blowing airflow, the folding-in airflow enters the pneumatic tucked-in airflow field, which
affects the state of the yarn in the oblique-blowing equilibrium state and causes the spatial
movement of the yarn folding-in process. As can be seen from Fig. 7(b), the middle and rear
parts of the yarn that have reached the oblique-blowing equilibrium state under the action of
oblique-blowing airflow move in the negative direction of the X-axis under the action of
folding-in airflow. Under the continuous action of the folding-in airflow, the free end of the
yarn moves in the negative direction of the X-axis and gradually moves in the positive direction
of the Y-axis, finally completing the folding-in process and reaching the folding-in state. From
Table 2, one can see that during the whole folding-in process, the yarn will stretch first and then
shrink, and the aerodynamic force will change slightly with the distance from the folding-in
pipes, and the influence range will gradually increase.

From the simulation of the whole oblique blowing-folding process, one can conclude that
with an increase in the yarn length, the time for a yarn to complete the oblique-blowing and
folding-in processes will also increase greatly, and the time required for the tucked-in yarn of
12 mm is 11.05 ms longer than that of 8 mm. Due to inertia and other yarn-related reasons, the
time required for the oblique-blowing process is always longer than the time required for the
folding-in. In addition, as the yarn is elastic and stretchable, it will exhibit a process of
contraction after stretching under the action of aerodynamic force.
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Fig. 7 Trajectory motion diagram of yarns with four lengths
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Table 1 Length of yarn in the oblique-blowing process and the aecrodynamic force of the beam element node

with X =12.5 mm

8 mm yarn t=0ms t=0.5ms t=1ms t=15ms t=1.75ms

Length (mm) 8.000 8.146 8.345 8.683 8.952
Aerodynamic force (mN) 4.18 3.94 342 291 /

10 mm yarn t=0ms t=0.75 ms t=15ms t=225ms t=3ms

Length (mm) 10.000 10.233 10.500 10.936 11.657
Aerodynamic force (mN) 4.18 3.74 2.72 2.38 /

12 mm yarn t=0ms t=1ms t=2ms t=3ms t=5ms

Length (mm) 12.000 12.312 12.640 13.126 14.741
Aerodynamic force (mN) 4.18 3.38 2.47 2.19 /

15 mm yarn t=0ms t=2ms t=4ms t=6ms t=9ms

Length (mm) 15.000 15.603 16.333 17.402 19.797
Aerodynamic force (mN) 4.18 3.25 2.36 1.87 /
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Table 2 Length of yarn in the folding-in process and the aerodynamic force of the beam element node with

Y =13.95mm
8 mm yarn t=0ms | t=05ms | r=1ms | ¢r=1325ms
Length (mm) 8.952 9.216 8.861 8.564
Aerodynamic force (mN) 1.64 1.61 0.31 /
10 mm yarn t=0ms | t=0.75ms | t=15ms | t=1.875ms
Length (mm) 11.657 11.989 10.936 10.523
Aerodynamic force (mN) 1.64 1.57 1.31 /
12 mm yarn t=0ms | 7r=1ms t=2ms | t=275ms
Length (mm) 14.741 14.915 14.349 14.126
Aerodynamic force (mN) 1.64 1.41 1.25 /
15 mm yarn t=0ms | ¢r=2ms t=4ms | t=5.125ms
Length (mm) 19.797 19.603 18.951 18.257
Aerodynamic force (mN) 1.64 1.39 1.07 /

4. Visual experiment

In order to verify the one-way fluid—structure weak interaction algorithm and explore the
length of yarn that affects the spatial motion of the yarn, a pneumatic tucked-in selvedge
apparatus was designed, and a visual experimental platform including a high-speed camera was
built. The camera can capture and record the spatial movement of the yarn in real time, as shown
in Fig. 8(b). The experimental platform mainly included two parts: a gas circuit and a circuit.
The working principle diagram is shown in Fig. 8(a).

Electric proportional valve

Signal transmitter Electromagnetic valve

@
Yo S
%ﬁﬁﬁ Tee | b pooen o B
.

24V rulmgé regI}\u‘am power slip(j ly
¥ \

Dysprosium lamp

©

’Jgﬁ Power switch button '

- High-speed camera
Computer

air duct \?%/J Pneumatic fick-in devi

= o ¥ Electromagnetic valve "
'@' 220V AC Electric proportional
valve
— — = 24V voltage regulation cord

-7 Air compressor
= signal line (a) High speed camera (b) Programmable Controllers

Fig. 8 Working principle schematic diagram (a) and experimental bench (b)

In this experiment, the motion of yarns with different lengths under the action of oblique-
blowing and folding-in airflows was studied. According to the previous simulation research,
four groups of yarns with different lengths were selected. The other conditions of the four
groups of yarns were the same, except the yarn length changed; it was 8 mm in group A,
10 mm in group B, 12 mm in group C, and 15 mm in group D. The movement of the yarn was
then recorded with a high-speed camera at a speed of 5469 frames per second, with a size of
1400*1050.

In the experiment with the yarn tucked in by a pneumatic selvedge apparatus, ordinary
pure cotton yarn was selected as the object of research. The basic physical parameters of the
yarn were determined through experimental tests. The weight of a 100-meter-long pure cotton
yarn was measured to be 5.5 g, and the average diameter of cotton yarn was 0.38 mm. A high-
precision balance and an electron microscope were used for measurements. According to the
density formula, the yarn density of this model is 485 kg/m?. The values of yarn density,
diameter, Young's modulus, and Poisson's ratio are shown in Table 3.
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Table 3 Material parameters of the yarn solid model

Yarn type  Density (kg/m3) Diameter (mm) Young's modulus (MPa) Poisson's ratio

Cotton yarn 485 0.38 80 0.3

Since the direction of the oblique-blowing and folding-in airflow is perpendicular to the
direction of its gravity, its gravity is also much smaller than the acrodynamic force. In addition,
the appropriate holding airflow is utilized to offset the influence of gravity on the yarn in the
experiments. Therefore, the influence of gravity is neglected in order to reduce computational
complexity in CFD numerical simulations.

The details of the air pipe settings are shown in Fig. 9. The angle between the oblique-
blowing pipe and the folding-in pipes was 90 degrees, the diameter of the oblique-blowing pipe
was 1 mm, the nozzle of the oblique-blowing pipe was 4 mm away from the yarn, and the centre
of the oblique-blowing pipe was offset from the fixed end of the yarn to the free end by
2.5 mm. Similarly, the incident angle of the four folding-in pipes was 0°, the diameter of the

four folding-in pipes was 1mm, and the nozzle of the four folding-in pipes was Smm from the
yarn.

Oblique-blowing pipe

-
\ N2

@ Ilmm

2.5mm

_dmm

Smm
-

The fixed end

N

Folding-in pipe

@ 1mm

Fig. 9 Air pipe setting diagram

To further explore the influence of the length of yarn on the yarn tucked-in effect and
verify the numerical simulation results, a large number of experiments were carried out on yarn
oblique-blowing and folding-in. From the numerical simulation results shown in Fig. 7, it can
be inferred that when the yarn length is more than 15mm, the yarn tucked-in time will be greatly
prolonged until the airflow cannot push the yarn end to move, resulting in yarn tucked-in failure.
Therefore, in this paper, only yarns with lengths of 8, 10, 12, and 15mm are compared and
analysed. The experimental results are shown in Fig. 10. Figures10 (a), (b), (¢), and (d) show
the three-dimensional state changes of the yarn when the yarn length is 8, 10, 12, and 15 mm,
respectively. Table 4 shows the time and elongation of yarn in experiment and simulation.

Based on Fig. 10, it can be seen that yarns of10 mm, 12 mm, and 15 mm can be tucked
in, but in the experiment with 8 mm yarns, the force exerted by the folding-in airflow cannot
resist the rebound force caused by the bending stiffness of the yarn, which leads to the failure
of 8 mm yarns to be completely tucked-in. It also can be seen from the figure that the longer
the yarn is, the easier it is to be bent by airflow, and when the airflow acts on the yarn at the
beginning, the amplitude of the generated bow shape is larger, and the final tucked-in effect is
better. Based on Table 4, it is found that the oblique-blowing time of the yarn is basically longer
than the folding-in time; the longer the length of the yarn, the longer the time it takes to tucks
and the longer the yarn becomes after having been tucked in.
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oblique-blowing stage
A

folding-in stage
A

(a)

(b)

Fig. 10 Trajectory of the yarn tucked with different lengths in the experiment

Table 4 The simulation and experimental data of the yarn tucked in.

Y. Liu, S. Zhou, X. Sun

(d)

Oblique- Average Average Total time Final Final leneth
Length 4 experimental Folding-in  experimental of Average total  length of &
blowing . . . . . ; . of yarn in
ofyarn . . time of simulation time of numerical  experimental yarn in .
simulation . . o . . . . . experiment
(mm) . oblique- time (ms) folding-in simulation time (ms) simulation
time (ms) . (mm)
blowing (ms) (ms) (ms) (mm)
8 1.75 1.638 1.325 1.482 3.075 3.120 8.564 8.2
10 3.00 2.856 1.875 1.979 4.875 4.835 10.523 10.3
12 5.00 5.347 2.750 2.624 7.750 7.971 14.126 13.8
15 9.00 9.258 5.125 5.191 14.125 14.449 18.257 17.5

5. Conclusion

In this paper, the influence of yarn length on the yarn tucking in is studied and analysed
through numerical simulation and visual experiment. The three-dimensional model of
pneumatic tucked-in selvedge apparatus is established. On this basis, the numerical model of
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airflow field and the finite element model of yarn are established, and their grid independence
is verified. In order to draw a reliable conclusion and better explore the influence of the yarn
length on the yarn spatial motion, a visual experimental platform was designed and established,
and the state of yarns with different lengths during tucking-in was recorded by a high-speed
camera. Combined with the numerical simulation and the experiment of yarn motion state and
yarn motion trajectory at each point, the following conclusions can be drawn:

1. It is shown that the model proposed based on the one-way fluid—structure weak
interaction algorithm can simulate the spatial motion of the yarn in the
aerodynamically tucked in airflow field.

2. The longer the length of the yarn, the longer it takes for the yarn to be completely
tucked in. When the length of the yarn reaches a certain level, the yarn will fail to be
completely tucked in because the airflow cannot blow the yarn end.

3. When the yarn is too short, the force exerted on it by the folding-in airflow cannot
resist the rebound force caused by the bending stiffness of the yarn, which will lead to
an increase in the difficulty and failure rate of tucking-in.

4. After the yarn has been completely tucked in, the length of the yarn will increase, and
the longer the yarn, the greater its elongation.
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