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B Introduction

As akind of open-end spinning, ro-
tor spinning is one of the new spinning
technologies that have been industrial-
ised. The rotor type open-end spinning
machine mainly consists of a rotor, feed
roller, opening unit, navel, and a deliv-
ery. Fibre combing is performed by the
opening roller, in which slivers are fed
from the fibre inlet. When fibres are fed
into the fibre inlet, they are substantially
combed into single fibre or a single fibre
group by the opening roller, where teeth
are uniformly distributed. These fibres fi-
nally enter the transfer channel by means
of the centrifugal force of the opening
roller and airflow. During the opening
process, trashs are separated out by the
trash removal unit. It is necessary to re-
duce the trash in the collecting groove of
the rotor to improve the quality of the fi-
nal product—yarn. For higher yarn’s qual-
ity and better trash removal efficiency, it
is necessary to conduct comprehensive
research on the flow mechanism in the
opening unit.

Some efforts have already been made
to study the airflow characteristics, fi-
bre configurations and yarn properties
through experiments and simulations.
Ripka and Junek et al. [1] established
asimple model to compute the fibre
flow. However, his model is too simple
to take fibre gravity, buoyancy, and fibre
configuration into consideration. Smith
and Roberts [2] simulated fibre transport
through a converging channel in a steady
laminar fluid. However, their theoretical
work on fibre configuration was limited.
Lunenschloss, Coll-Tortosa and Siersch
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Abstract

The opening unit is an important device in a rotor spinning unit to comb fibres and remove
trash. In this paper, numerical simulation is carried out to study the flow structure in the
rotor spinning channel and the trash removal process in the trash removal unit. Firstly the
effect of the opening unit on the airflow field in the rotor channel is investigated by single-
phase simulation. The result shows that the effective area for fibre conveyance enlarges
as the absolute value of negative pressure at the outlet increases, while it decreases as the
opening roller speed increases. However, the effect of the negative pressure and the opening
roller speed on the length of the vortex in the axial divection is quite small. Secondly the trash
separation process in the trash removal unit is simulated using the Discrete Phase Model
(DPM). Suitable rotational speeds of particles of different diameters are acquired. These re-
sults could provide a valuable reference for parameter selection in the trash-removal process.
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Discrete Phase Model (DPM).

[3] applied infrared techniques to study
fibre flow and fibre orientation in the fi-
bre duct of an open-end rotor spinning
machine. They found that a larger trans-
fer channel inlet could make fibres accu-
mulate and disorientate, and consequent-
ly deteriorate yarn properties. Lawrence
and Chen [4, 5] studied fibre movement
within a fibre transfer channel through
experiment and observed that fibre con-
figurations at the inlet region were dif-
ferent due to the variation in fibre length
and manner of fibre detachment from the
pins. Kong and Platfoot [6] established
a simplified 2-D transfer channel model
without considering the influence of the
pins on the surface of the opening roller.
They found that the distribution of stream
lines does not vary dramatically with an
increase in Reynolds numbers. Their re-
sults indicated that the speed of the open-
ing roller could affect the flow structures
greatly. In their further study [7], they
found that the strong recirculation dete-
riorated the fibre’s straightness, and con-
sequently the yarn’s quality. Due to the
complex shape of the opening unit, they
omitted the teeth of the opening roller to
simulate the transfer channel by means
of Computational Fluid Dynamic (CFD).
Peyravi, Eskandarnejad and Moghad-
am [8] proposed a modified RU04 rotor
spinning unit to improve yarn properties.
They found that there is no significant
difference between the extracted trash of
dual-feed yarn and conventional yarns.
It can be concluded that the changes in
dimensions, shapes of the inlet of the
transfer channel [4, 5], negative pressure
at the outlet of the transfer channel [5,
9], and the opening roller’s speed [10]
would affect the rotor spun yarn’s quality

by changing the configuration of fibres.
Based on their studies, a conventional
opening unit with a single feed roller was
utilised in this study.

Scholars have made some meaningful
explorations of the flow characteristics
in the opening unit. Their studies fo-
cused mainly on airflow patterns and
their impact on the fibre configuration
and yarn properties by means of exper-
iments or simulation with a simplified
model. A more practical geometric mod-
el of the opening roller which takes the
teeth into consideration is used in this
paper. The effect of the opening unit on
the airflow field in the rotor spinning is
investigated. Besides this, trash removal
efficiency is also analysed. These results
could provide a valuable reference for
parameter selection in the trash removal
process.

B Model and mesh generation

Geometry model of trash removal
device

A two-dimensional model for the trash
removal device is constructed in this pa-
per, which is shown in Figure 1. The in-
terface, which divides the rotational area
into two parts, is defined to exchange
data of different parts in the process of
simulation. Line AB is set, which is
perpendicular to the axis of the transfer
channel and must go through point B.

Boundary condition and mesh
generation

The fibre outlet is set as the pressure outlet
in the simulation. The pressure inlet is ap-
plied to the fibre inlet, trash outlet and air
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inlet, the values of which are the same as
for atmospheric pressure. The outlet pres-
sure of the transfer channel, namely the
fibre outlet pressure, is a negative value.

The mesh generated for the opening unit
is shown in Figure 2. As we can see, the
computational domain consists of four dif-
ferent parts, including a transfer channel,
trash area, inlet area and rotational area.
To make the computation more efficient,
hybrid mesh, which uses both structured
and unstructured mesh, is adopted in this
model for its flexibility and high efficien-
cy. For this geometry, structured mesh is
generated in the transfer channel and trash
area. And the rest part is prepared with un-
structured mesh to deal with the complex
geometry. There are about 15.2 thousand
mesh points in all.

Grid independence has been verified at
conditions where the pressure at the in-
let of the opening unit is 0 Pa, that at the
outlet of the transfer channel -2000 Pa,
and the opening roller speed 7000 r/min.
The numbers of mesh used to check the
grid independence are 15.2 thousand,
32.6 thousand, and 50.5 thousand, re-
spectively. The static pressure at the
monitoring point (26.49, 22.83) calcu-
lated with the three groups of mesh is
shown in Table 1. 1t is found that the
variation in the static pressure is less than
2%. Thus the grid used in this study is
feasible, and it satisfies the requirement
of grid independent solutions. Therefore
the grid of 15.2 thousand we used for
resolving the airflow field can meet the
accuracy requirement.

Governing equations
and algorithms

Continuity equation:
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Figure 1. Tivo-dimensional geometry model of the opening unit.

% Transfer
4 channel

Intlet area

Figure 2. Mesh generated for the opening unit model.

Moving reference frames (MRF) are se-
lected to consider the effect of the teeth of
the opening roller on the flow field. This
method is suitabe for the condition where
the relative motion of each point on the
mesh boundary is roughly the same.

Consider a coordinate system that trans-
lates with a linear velocity v, and rotates
with an angular velocity @ relative to the
stationary (inertial) reference frame.

Table 1. Check of grid independence.

Grid number
15.2 thousand
32.6 thousand
50.5 thousand

Static pressure, Pa
-1991.70
-1957.14
-1959.99

The axis of rotation is defined by a unit
direction vector @ such that

o =wma (5)
The computational domain for the CFD
problem is defined with respect to the
moving frame such that an arbitrary point
in the CFD domain is located by a posi-
tion vector 7 from the origin of the mov-
ing frame.

Velocity magnitude, m/s
9.3
9.35
9.46
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The fluid velocity can be transformed
from the stationary frame to the moving
frame using the following formula:

Vo=v-ii (6)

Where
(7

v_is the relative velocity, v is the absolute
velocity, u, is the velocity of the moving
frame relative to the inertial reference, v,
is the translational frame velocity, and @
is the angular velocity. It should be noted
that & and v, are functions of time.

i, =V, +oxr

For absolute velocity formulation, the
governing equations of fluid for a stead-
ily moving frame can be written as fol-
lows:

Conservation of mass:

op -
L 4+V-pv. =0 8
o VP (®)
Conservation of momentum:
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Conservation of energy:
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Where 7 is the viscous stress, £ is the in-
ternal energy, and H is the total enthalpy.
The standard k — & (2 equations) model is
adopted to resolve the turbulent flow and
cooperate with MRF.

In addition, the Discrete Phase Model
(DPM) is applied to the simulation of
particle trajectories. The force balance in
DPM can be written as:

di, _u-h, 8p=p)

+F (11

dt T, ", (h

Where F is an additional accelefatign
i—il

P

(force/unit particle mass) term,

is the drag force per unit particle mz'iss,
and 7, is the droplet or particle relaxa-
tion time, the formula is shown as fol-
lows:

_pd, 24
18u C,Re
i is the fluid phase velocity, ﬁp is the
particle velocity, u the molecular viscos-
ity of fluid, p is the fluid density, p, is the
density of the particle, and d, is the parti-
cle diameter. Re is the relative Reynolds
number, which is defined as
_pd, i, i
U

(12)

r
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Figure 3. Distribution of streamlines under different pressures.

The finite volume method (FVM) is used
to discretise the governing equations.
The semi-implicit method for the pres-
sure linked equation (SIMPLE) algo-
rithm is employed to iterate the system
of equations. The convergence criterion
is defined as the relative residual being
less than 107 for each variable. The den-
sity of air is 1.225 kg/m? and its viscosity
is 1.7894x10°Pa s. The pressure-based
steady algorithm is used in this solver.

Numerical simulation and
analysis

Simulation of the airflow field
in the transfer channel

The transfer channel is the last part be-
fore fibres enter the rotor. The airflow in
the transfer channel has a great impact on
fibre configurations and yarn properties.
Therefore streamlines and velocity corre-
sponding to different outlet pressures are
studied in this paper. The pressure of the
fibre outlet is set as -1500 Pa, -2000 Pa
and -2500 Pa, respectively. The working
speed of the opening roller is generally
between 5000 rpm and 9000 rpm. It is
found that the yarn tenacity and elonga-
tion decrease significantly as the opening
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Figure 4. Distributions of streamlines under different rotational speeds

roller speed increases, while yarn im-
perfections gradually decrease with an
increase in the opening roller speed. In
order to balance yarn imperfections and
yarn tenacity, the opening roller speed
here is set as 7000 rpm. The airflow near
the opening roller in the transfer channel,
namely the vortex zone, is particularly
investigated in this research.

The streamlines in the transfer channel
corresponding to different pressures are
shown in Figure 3. A negative pressure
value at the outlet of the transfer channel
has an apparent impact on the streamlines.
When the pressure is -1500 Pa, stream-
lines at the junction of the opening roller
and transfer channel change their original
directions and turn to opposite directions.
When the pressure is -2000 Pa, a small
vortex forms at the junction of the open-
ing roller and transfer channel. When the
pressure is -2500 Pa, streamlines near the
bottom of the transfer channel develop
into a relatively strong and large vortex.

As the negative pressure value increases,
streamlines situated at the junction of the
opening roller and transfer channel grad-
ually form a vortex, which has a negative
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impact on the fibre because it makes the
fibre easy to buckle and deform. The re-
attachment point , defined as the point
of the flow shear layer, almost ends in
the same position. The length of the
vortex in the axis direction of the trans-
fer channel does not change in general
when the negative pressure changes from
-1500 Pa to -2500 Pa. However, the size
of the vortex in the direction perpendic-
ular to the axis of the channel decreases,
which means that the effective width [6]
in this direction increases. The effective
width is defined as the width of a cross
section containing forward moving flow
and is marked by ared line in Figure 3.
The ratio of the vortex width to the ge-
ometric width in Figure 3 is about 50.7%,
39.1% and 40.5%, respectively. The ratio
of effective width to geometric width is
49.3%, 60.9% and 59.5%, respectively.
Subsequently the effective area for fibre
conveyance without collision could en-
large as the outlet pressure changes from
-1500 Pa to -2000 Pa. When the pressure
decreases to -2000 Pa, the effective area for
fibre conveyance is basically unchanged.

In summary, the greater the negative
pressure value of the fibre outlet is, the

d) n =9000 rpm

greater the intensity of the vortex is.
However, the effective width enlarges
with an increase in the negative pres-
sure value. The effective area for fibre
conveyance enlarges with an increase in
the absolute value of negative pressure at
the outlet of the transfer channel. A great
negative pressure value is conducive to
fibre transmission.

The rotational opening roller speed is set
as 6000 rpm, 7000 rpm, 8000 rpm and
9000 rpm, respectively. The fibre outlet
pressure is set as -2000 Pa. Distribu-
tions of streamlines at different rotational
speeds are shown in Figure 4. When the
rotational speed is between 6000 rpm and
7000 rpm, there is a vortex at the bottom
of the transfer channel. And when the ro-
tational speed increases from 8000 rpm
to 9000 rpm, the enclosed area of stream-
lines almost disappears. Although rota-
tional speeds of the opening roller are
different, the vortex almost ends in the
same position; namely, the reattachment
point is almost located in the same place.
Consequently the rotational speed has lit-
tle impact on the length of the vortex in
the axis direction of the channel. The ra-
tio of the vortex width to the geometric
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Figure 5. Mass flow of different particles passing through the trash

outlet.

width in Figure 4 is about 46.4%, 43.5%,
47.8% and 52.2%, respectively, and the
ratio of the effective width to the ge-
ometric width is 53.6%, 56.5%, 52.2%
and 47.8% respectively. It means that the
effective width for fibre conveyance de-
creases. Subsequently the effective area
for fibre conveyance decreases with an
increase in the rotational opening roller
speed. In order to reduce the negative
impact of the vortex, the rotational speed
should not be higher than 8000 rpm.

Simulation of trash removal

The discrete phase model (DPM) is used
to simulate the trash removal process in
the opening roller. The boundary condi-
tions of the trash outlet, fibre outlet, fibre
inlet and air inlet for DPM are set as the
escape boundary condition. The reflect
type is selected to be the boundary condi-
tion for those walls. According to statis-
tics from numerical simulation, suitable
rotational speeds of the opening roller
corresponding to particles of different di-
ameters are explored.

According to the studies of Murugan [11]
and Ishtiaque [12], the speed of the open-
ing roller is invariably related to the trash
removal. If the opening roller speed is
low, fibres and trash are poorly separated.
Higher opening roller speeds will result

Table 2. Parameter settings.

Parameter settings

Fibre outlet pressure, Pa -2000
Diameters of trash particles, mm | 0.01~0.20
Total mass flow, kg/s 0.01
initial speed of trash particles, m/s 0.05
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in many broken fibres during separation.
The speed of the opening roller is chosen
as 5000 rpm, 6000 rpm, 7000 rpm and
8000 rpm respectively. Parameters for
DPM calculation are listed in Table 2. In
addition, the mean diameter of these par-
ticles is set as 0.10 mm. The mass flow of
different particles released from the fibre
inlet follow the law of normal distribu-
tion.

The mass flow of different particles pass-
ing through the trash outlet and fibre out-
let are shown in Figure 5 and Figure 6,
respectively. The mass flow of different
particles in Figure 5 follows the law of
normal distribution in general. Compar-
ing the mass flow of different particles at
different speeds, 5000~6000 rpm of the
opening roller is beneficial to the remov-
al of trash particles whose diameters are
between 0.03 mm and 0.09 mm accord-
ing to simulation results. Particles at the
speed of 8000 rpm mainly distribute in the
range of 0.09~0.13 mm. Figure 6 shows
the mass flow of different particles pass-
ing through the fibre outlet, suggesting
that a rotational speed of 5000~6000 rpm
for the opening roller is not preferable
for trash particles whose diameter is
0.01~0.02 mm or 0.12~0.14 mm. Moreo-
ver 7000~8000 rpm of the opening roller
is not suitable for trash particles whose
diameter is smaller than 0.09 mm.

The ratio of mass flow passing through
the trash outlet to the total mass flow
shows the effective efficiency of trash
removal. Table 3 shows the mass flow
of particles passing through different in-
lets and outlets at varios opening roller
speeds. It can be seen that the trash re-
moval efficiency declines from 82.5% to

0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20

Diameter, mm

Figure 6. Mass flow of different particles passing through the fibre

50.9% with an increase in the opening
roller speed. The minimum mass flow
passing through trash outlet accounts
for 50.9% of the total mass flow. Apart
from the speed of 6000 rpm, the ratio of
mass flow passing through the fibre out-
let to the total mass flow increases from
1.7% to 17.3% simultaneously. It can be
concluded that different opening roller
speeds have different removal efficiency
for different sizes of trash particles.

From Table 3, it can be seen that a con-
siderable number of particles escape
from the fibre inlet, especially particles
at the speed of 7000 rpm and 8000 rpm.
The ratio of mass flow passing through
the fibre inlet to the total mass flow at
each rotational speed is 9.4%, 20.8%,
32.5% and 31.7%, respectively. This
means that these particles escape from
the opening unit without trash removal.

Figure 7 shows the distribution of
streamlines near the inlet at different
speeds. When the speed is between
5000 rpm and 6000 rpm, the major vor-
tex occupies the entire channel on the
upper part. While the speed is between
7000 rpm and 8000 rpm, the vortex is
closer to the feed roller, occupying a part
of the channel. With an increase in the
opening roller speed, the effect of the
opening roller on the airflow field near
the inlet is more significant.

M Conslusions

The effect of the opening unit on the
airflow field in rotor spinning is investi-
gated by establishing a practical geome-
try model of the opening unit. The con-
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Figure 7. Distribution of streamlines near the inlet for different speeds.

clusions deduced from the discussions

above are summarised as follows:

1. The opening roller speed and negative
pressure at the outlet have little impact
on the length of the vortex in the axial
direction. The effective area for fibre
conveyance enlarges as the absolute
value of negative pressure at the out-
let of the transfer channel increases,
while it decrease as the opening roll-
er speed increases. A greater pressure
value is conducive to fibre transmis-

sion. A higher opening roller speed is
detrimental to the fibre configuration.
In order to reduce the negative impact
of the vortex, the opening roller speed
should not be higher than 8000 rpm in
the fibre-transfer process.

2. Arelatively low opening roller speed

is suitable for removing trash particles
of smaller diameters, and a relatively
high opening roller speed is suitable
for removing trash particles of larger
diameters.

0.01 0.02
X, m

d) n =9000 rpm

3. Different opening roller speeds have

different removal efficiency for var-
iuos sizes of the trash particle. A ro-
tational speed of 5000~6000 rpm for
the opening roller is not preferable
for trash particles whose diameter
is 0.01~0.02 mm or 0.12~0.14 mm,
while 7000~8000 rpm of the open-
ing roller is not suitable for parti-
cles whose diameter is smaller than
0.09 mm.

Table 3. Mass flow of particles passing through different inlet/outlets at various opening roller speeds.

Opening Trash outlet
roller speed, Mass flow, Percentage,
rpm kgls %
5000 8.25E-3 82.5
6000 7.58E-3 75.8
7000 5.96E-3 59.6
8000 5.09E-3 50.9

FIBRES & TEXTILES in Eastern Europe 2017, Vol. 25, 5(125)

Fibre outlet Fibre inlet Sum
Mass flow, Percentage, Mass flow, Percentage, Mass flow, Percentage,
kgls % kgls % kgls %
1.70E-4 1.7 9.38E-4 9.4 9.36E-3 93.6
5.30E-5 0.5 2.08E-3 20.8 9.70E-3 97.0
7.68E-4 7.68 3.25E-3 325 9.97E-3 99.7
1.73E-3 17.3 3.18E-3 31.7 9.90E-3 99.9
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