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B Introduction

The nature of the rotor spinning system
is a process of separating the fibre strands
into individual fibres and collecting them
again in the rotor groove to form a yarn
[1]. During the process of fibre separa-
tion, transportation and gathering, a loss
of fibre orientation and straightness often
occurs due to possible adverse airflow,
which would lower the rotor spun yarn
tenacity to some extent [2-4]. The airflow
characteristics in the rotor spinning chan-
nel are closely related to the geometric
and spinning operation parameters, such
as the dimensions and shape of the trans-
port channel and rotor [5], the speed of
the rotor and opening roller [6, 7], and
the rotor outlet pressure [6]. It is essential
that these parameters are adjusted to suit-
able values to obtain a favourable airflow
environment for fibre transportation.

During the past decades, researchers have
focused on studying the mechanisms of
rotor spun yarn formation and the optimi-
sation of spinning and geometric param-
eters. Kog and Lawrence [8] investigated
the mechanics of yarn twist insertion and
the formation of wrapper fibres in the
rotor, which is the primary cause of low
yarn tenacity. Among other factors, the
hooked fibres generated during the open-
ing and transportation processes also lead
to the low tenacity of the rotor spun yarn.
Lawrence and Chen [9, 10] reported that
compared to the circular cross-section
of the transfer channel inlet, a narrow
rectangular one was more conducive to
fibre straightness. In Eskandarnejad’s
thesis [11], the transport channel was
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modified in order to reduce fibre flicking
over the outer wall of the transport chan-
nel and to prevent fibre displacement at
the transport channel inlet. Recently re-
searchers modified the transport channel
for the purpose of improving rotor spun
yarn properties. Seyed et al. [12] evalu-
ated the effect of eight different transport
channel outlet slots on yarn properties
and claimed that reducing the slot width
could increase the yarn tenacity. Wang
et al. [13] designed adual feed rotor
spinning box with a dual feed roller and
transport channel. Later on, Akankwasa
et al. [14] numerically simulated the in-
ternal airflows in the dual feed rotor spin-
ning box, and their results showed that
the velocity magnitude and pressure in
the dual-feed unit adopted an even pat-
tern. Moreover the dual-feed spun yarns
possessed superior quality compared to
conventional yarns [15].

Kong and Platfoot [5] indicated that there
was a recirculation zone generated at the
transport channel inlet. Zhang et al. [16]
stated that decreasing the fibre separa-
tion area could improve fibre orientation
due to the reduction of recirculation. It is
possible to reduce the flow vortices via
optimising the transport channel geomet-
ric parameters. Lin et al. [17] developed
a three-dimensional CFD model of the
rotor spinning unit to evaluate the air-
flow characteristics in the transfer chan-
nel, and proposed a better design of the
transfer channel with arounded corner
and a bypass channel. As a further explo-
ration of our previous study, the current
paper reports an evaluation of the influ-
ence of the characteristic number of the

transport channel on its airflow patterns
and the possible improvement of yarn
properties. Modifications of the transport
channel generating no air vortices are
further evaluated.

Theoretical and mathematical
model

Rotor spinning geometric model

In this research, the computational do-
main is the spinning channel from the
trash extraction chute to the rotor, includ-
ing the opening roller chamber, transport
channel, and yarn guiding mouth. Strict-
ly based on the real model (JWF1612-
2157A rotor spinning unit), the rotor
spinning unit model with its main dimen-
sions, which is developed in the Carte-
sian coordinate system, is illustrated in
Figure 1. The origin is located at the
bottom centre of the rotor, and the y-axis
is perpendicular to the rotor bottom, on
which the x-z plane is located. Because
individual fibres are airborne when mov-
ing through the transport channel and the
movement characteristic is similar to the
fluid flow mechanism, we considered the
effects of some geometrical parameters
of the transport channel on the airflow
characteristics.

As the characteristic number A, which
indicates the reducing degree of the
transport channel along its length, is an
important factor considered when de-
signing the transport channel, it is mainly
evaluated in this paper. The characteristic
number 4 is defined as:

A= (Sin/Sout)/L (D
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Where, L is the transport channel length,
and and are the transport channel inlet
and outlet areas, respectively. According-
ly the parameters evaluated in this study
are presented in Table 1. For easy com-
parison, the transport channel outlet area
is considered as a constant.

Governing equations and turbulence
model

The airflow in the transport channel is
assumed as a viscous, incompressible
and isentropic turbulence flow. Based on
mass conservation and momentum con-
servation, the governing equations are
expressed as:

div(pu) =0 )

d(pw;) /ot + div(puw,;) =
= div(pugradu;) — dp/dx; +S; (3)

Where, p is the fluid density, u a velocity
vector, u, the velocity component of u in
the x, direction, u the dynamic viscosity,
p pressure, and S; is the general source
term in the x, direction.

As the Reynold’s number in the transport
channel is high [4], the turbulent model
should be considered. In this study, the
realisable k-¢ model is adopted, while the
wall functions are used in the near-wall
regions.

Boundary conditions

The boundary conditions employed thro-
ughout all simulations are as follows:
Opening roller speed: 6000 rpm, clock-
wise

Rotor speed: 100000 rpm, clockwise
Rotor outlet relative pressure: -7000 Pa
The trash extraction chute: 101000 Pa
The yarn guiding mouth: 101000 Pa

The solid walls: non-slip boundary con-
dition

Numerical method

The whole computational domains are
meshed into a mix of structured hexa-
hedral cells and unstructured tetrahedral
cells. The numerical models are finally
calculated based on the Finite Volume
Method and SIMPLEC algorithm. Grid
independence tests are performed to
guarantee the accuracy of the computa-
tions. All simulations are carried out us-
ing the FLUENT 14.5 package.

M Results and discussions

According to Equation (1), the charac-
teristic number A is related to both the
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Table 1. Parameters evaluated.

Case 1 2 3
A 0.2 0.2 0.17

L/mm 44 37.5 44
S;,/mm? 176 150 150

transport channel length L and transport
channel inlet area S;,. Therefore the fol-
lowing three conditions are considered:
Condition I: S, is kept constant, and
therefore A is changed with L

Condition II: L is kept as a constant,
where A is changed with S,

Condition III: 4 is a constant, while S,
and L are changed proportionally

Condition I: A changed with L

(S;, unchanged)

In cases 2, 3 and 7, the transport channel
inlet area S,, remained constant, while the
characteristic number decreased as the
transport channel length L was increased.
Figure 2 presents the flow velocity
streamlines at the transport channel inlet
of these three cases.

As described in [6], the suction pump
extracts the air inside the rotor, forming
a negative pressure zone in it. Therefore

Sout
|
L

Figure 1. Geometrical profiles of the rotor spinning unit: a) 3-D model, b) -y direction,
¢) -z direction, d) transport channel.

4 5 6 7
0.17 0.17 0.15 0.15
37.5 50 44 50
127.5 170 132 150

the external air flows into the spinning
channel from the trash extraction chute.
Due to the peculiar structure of the trans-
port channel, vortices are generated on
both sides of the transport channel inlet
(see Figure 2), which would significantly
influence the movement and orientation
of the fibres inside the transport chan-
nel. The fibres are vulnerable to bending
when coming into contact with the vorti-
ces. Or even more serious, the process of
fibre peeling from the opening roller pins
could be disturbed as it is possible for the
fibres to be entangled among the vortices.
In a cross section of the transport chan-
nel, the area containing no vortices is de-
fined as the effective area for fibre trans-
portation. It can be seen from Figure 2
that the vortices decrease gradually as the
transport channel length increases from
37.5 mm to 50 mm. This indicates that in-
creasing the transport channel length can
improve the airflow streamlines along
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Figure 2. Flow velocity streamlines at the transport channel inlet (cross-section y = 30 mm)
for different cases: case 2: . = 0.2, L = 37.5 mm, case 3: 1. = 0.17, L = 44 mm, case 7:
A=0.15 L =50 mm.
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Figure 3. Effects of the transport channel length L on the transport channel Y velocity:
a) along the centre line of the transport channel inlet cross section and b) along the transport
channel length.
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Figure 4. Flow velocity streamlines at the transport channel inlet (cross-section y = 30 mm)
for different cases: case 1: A =10.2, S,, = 176 mm’; case 3: 1 =0.17, S,, = 156 mm?; case 6:
A=0.15,8, =132 mm’.

the transport channel, thus increasing the
effective area. However, the impact of
the transport channel length on the trans-
port channel inlet velocity is small (see
Figures 2 and 3.a). The transport chan-
nel inlet velocity in the centre region is
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higher than that at the side of the channel,
however, as the transport channel length
increases, the velocities fluctuate slightly.
From Figure 3.b, in the upper part of the
transport channel, cases 2, 3 and 7 have
the same air velocity, while in the lower

part the air velocity acceleration differs
within three cases. With the increasing of
the transport channel length, the velocity
acceleration decreases since the Y veloc-
ity in the transport channel is the same,
which is about 47 m/s. This indicates that
for a shorter transport channel length, the
individual fibre will have less time to fin-
ish its drawing process.

Condition II: ) changed with S,
(L unchanged)

The transport channel inlet area is an im-
portant factor which influences the fibre
separation area. Cases 1, 3 and 6 evaluate
the effect of the transport channel inlet
area (176 mm?, 156 mm? and 132 mm?)
on the airflow dynamics of the transport
channel.

As illustrated in Figure 4, when the
transport channel inlet area increases to
176 mm?, the vortices at the transport
channel inlet increase significantly, while
in case 6 (S,, = 132 mm?) the vortices are
rather small. When considering the trans-
port channel inlet velocity, it can be seen
from Figure 4 and Figure 5.a that the
transport channel inlet area has a signifi-
cant influence on the airflow dynamics.
When increasing the transport channel
inlet area from 132 mm? to 176 mm?,
a decrease in the ratio of the effective
transportation area can be seen. Further-
more the air velocity of the centre area of
the transport channel inlet as well as of its
upper part is higher in case 6 than in cas-
es 1 and 2 (see Figure 5). As described
in [16], increasing the air velocity of the
transport channel inlet is helpful for fi-
bre removal from the opening roller pins
and for maintaining its configuration.
In Figure 5.b, the Y velocity in all the
three cases experiences a sharp increase
at the beginning and end of the transport
channel, while in the middle part of the
transport channel, the increase slows
down. There is a slight difference in the
velocity increase rate among the three
cases; however, its influence on the fibre
configuration may be smaller than that
of the vortices generated at the transport
channel inlet. Therefore among cases 1, 3
and 6, case 6 is more beneficial for keep-
ing fibre straightness and, consequently,
improving yarn properties.

Condition III: S;, and L changed
simultaneously (A = 0.17)

The characteristic number A remains con-
stant when the transport channel length L
and inlet area S, are adjusted proportion-
ally. Cases 3, 4 and 5 compare the airflow
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characteristic in the transport channel
when the characteristic number /4 is 0.17.
The result is shown in Figures 6 and 7.

In Figure 6, it is seen that although the
characteristic numbers of these three cas-
es are the same, the airflow characteris-
tics of the transport channels show differ-
ent results. Case 5 shows larger vortices
than those in cases 3 and 4; however, the
difference in the vortices between cases
3 and 4 is small. The region with an air
velocity of 30-36 m/s at the transport
channel inlet increases when the trans-
port channel inlet area decreases. The Y
velocity distribution in cases 3, 4 and 5,
illustrated in Figure 7, is similar to that
shown in Figures 3.b and 5.b. It is ob-
served that with asmall characteristic
number (case 4), the Y velocity accelera-
tion increases, and the fibre drawing pro-
cess will be completed in a shorter time.
So far from the three cases studied, when
keeping the characteristic number as
a constant, decreasing the transport chan-
nel length and inlet area simultaneously
can be more favourable for improving
the fibre configuration.

When considering the simulation results
presented in Figures 2 and 4, and compar-
ing them with those shown in Figure 6, it
can be observed that the transport chan-
nel length L has a weaker influence on
the airflow characteristics in the transport
channel than the transport channel inlet
area S,,. The variation between cases 3, 4
and 5 is similar to that of cases 1, 3 and 6,
which is that the larger the transport chan-
nel inlet area S, the larger the vortices
generated at the transport channel inlet.
However, increasing the transport chan-
nel length does not reduce the adverse ef-
fect brought by the increase in the trans-
port channel inlet area when comparing
the velocity streamlines of cases 5 and 7.
In general, it is recommended that the
characteristic number be reduced in order
to obtain a favourable airflow streamline.

It is the inherent nature of the transport
channel to generate vortices. Changing
the transport channel length or inlet area
could reduce them but cannot eliminate
them. According to a previous study,
a better design of the transport channel
with a rounded corner and bypass chan-
nel proposed can improve the transport
channel airflow streamlines significant-
ly [17]. As the dimensions of the rotor
spinning unit are strictly the same with
the real model, it can be further stated
that only adopting a bypass channel as
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Figure 5. Effects of S,, on transport channel Y velocity: a) along the centre line of the transport
channel inlet cross section and b) along the transport channel length.
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Figure 6. Flow velocity streamlines at the transport channel inlet (cross-section y = 30 mm)
for different cases: case 4: L=37.5 mm, S,,= 127.5 mm?; case 3: L =44 mm, S,, = 150 mm?;

case 5: L =50 mm, S, = 170 mm°.
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Figure 7. Y velocity distributions along the
transport channel length for different cases.

an external air supply channel could also
achieve arelatively satisfactory effect.
Therefore, in the following section, the
effectiveness of the bypass channel is
evaluated, and the variation in air veloci-
ties in the fibre separation area is particu-
larly analysed.

Figure 8. Transport channel with a bypass
channel.

Design of the bypass channel

Bypass channel structure

Figure 8 shows the geometrical struc-
ture of the bypass channel. It is located
on the long side of the transport chan-
nel with its flow direction tangent to the
transport channel wall. The inlet areas
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a)

9)

Figure 9. Velocity streamlines and contours of the airflow in the transport channel at cross-
section: a)y =32mm, b)y =30mm, ¢) y =28 mm, d) x =25 mm, e) x = 26 mm, f) x =27 mm

and g) x = 28 mm.

c)

case 3

case 8

Figure 10. Velocity contours of the transport channel in cases 2 and 8 at cross sections:
a)z=-10mm, b) y =-6 mm and c) y = -2 mm. (unit: m/s).

of the bypass channel are 6x 16 mm?.
The bypass channel is open to the at-
mosphere, and therefore the external
air will flow into the bypass channel
due to the pressure difference between
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the rotor and the external environment.
This would lead to an increase in mass
flow from the bypass channel and, con-
sequently, in the air velocity in the fibre
transport channel, which is expected to

improve the airflow streamlines for the
fibres.

Based on the mathematical model es-
tablished in the section “Theoretical and
mathematical model”, case 8, where the
bypass channel inlet absolute pressure is
set as 101000 Pa, is calculated, and the
results are compared with those of case 3.

Effect of the bypass channel

The velocity streamlines and contours
of the airflow along the cross-section of
the transport channel inlet with a bypass
channel as an air supply channel are illus-
trated in Figure 9.

It can be observed that the velocity
streamlines at cross sections y = 32 mm,
30 mm, and 28 mm are smooth, and no
vortices are generated, as compared to
case 3 in Figure 2. Having the bypass
channel for extra air supply, the air ve-
locity at the transport channel inlet, es-
pecially in the fibre separation area, is
increased as compared to that in the
traditional transport channel. The veloc-
ity distribution of the transport channel
cross sections in cases 1 to 7, shown
in Figures 2, 4 and 6, is uneven, while
arelatively uniform one is observed in
the modified transport channel in Figure
9. Notice as well that vortices do not ex-
ist in the x cross sections of the transport
channel, indicating that the vortices ap-
pearing on two sides of the conventional
transport channel inlet can be eliminated
with the introduction of a bypass. The ve-
locity distribution and streamlines of the
modified transport channel are favoura-
ble for fibre transportation, since the risk
of fibre bending due to the vortices is re-
duced.

Figure 10 illustrates a comparison of the
velocity contours in the fibre separation
area between case 3 (traditional transport
channel) and case 8 (modified transport
channel). In these two cases, the opening
roller speeds are both 6000 rpm, that is
to say the circumferential velocity of the
opening roller is 19.16 m/s. The individ-
ual fibres have the same velocity with the
roller since they are held by the opening
roller pins. The ratio of the air velocity
around the roller pins to the circumfer-
ential velocity of the opening roller is
defined as the peeling-drawing ratio,
which is akey index indicating the ef-
fect of fibre peeling. Generally the peel-
ing-drawing ratio should not be smaller
than 1.5, so as to guarantee the success
of the peeling process. The higher the
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peeling-drawing ratio, the better the fi-
bre configuration when it is peeled from
the roller pins. From Figure 10, it can be
observed that the maximum air veloci-
ty in the fibre separation area in case 8
is higher, which is 30 m/s, than that in
case 3, which is about 22 m/s. For sec-
tions z =-10 and -2 mm in case 3, the air
velocity experiences a decrease along the
transport channel, while in case 8 it grad-
ually increases. For the latter, it is more
beneficial to the drawing process of in-
dividual fibres, consequently improving
fibre straightness.

The improvement of the streamlines of
the airflow along the transport channel
may be due to the following reasons.

(1) The mass flow at the rotor outlet is
equal to that from the rotor spinning
channel inlet per unit time. For the
traditional rotor spinning unit, the
overall mass flow directed to the rotor
is from the trash extraction chute (the
one from the yarn guiding mouth is
too little to ignore). When the bypass
channel was added as an air supply
channel, the overall mass flow to the
rotor is supplied by the bypass chan-
nel, except that from the trash extrac-
tion chute. Therefore the mass flow
from the trash extraction chute would
be decreased, leading to a reduction
in mass flow in the opening roller
chamber anticlockwise, which could
be considered as the main cause of
the transport channel inlet vortices.

(2) Asthe bypass channel is located in the
tangential direction of the long axis
of the transport channel, the external
atmosphere flows into the transport
channel tangentially. This air stream
combines with that from the opening
roller cavity, forming a stronger main
air stream flowing into the transport
channel, which would lower the iner-
tia of the air stream from the opening
roller cavity anticlockwise. Therefore
the risk of forming a vortex is re-
duced, or even eliminated, and the air
velocity in the fibre separation area is
increased accordingly.

The advantages of removing the vorti-
ces are significant. The fibres escaping
from the opening roller pins will not be
affected by the vortices. Furthermore the
effective width, defined as the width of
a cross section containing forward flow,
is increased. Therefore the orientation of
fibres is improved, and hence yarn prop-
erties.
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B Conclusions

In this paper, a three-dimensional compu-
tational model is developed to investigate
the effect of the characteristic number of
the transport channel on airflow patterns.

The effect of a bypass channel located on

the longer side of the transport channel as

an extra air supply channel is also evalu-
ated. According to the above analysis, the
following conclusions may be drawn:

1. The effect of the characteristic num-
ber A on the airflow dynamics of the
transport channel is complex. It main-
ly depends on the transport channel
length and its inlet area. On the whole,
with an increase in the characteristic
number, the vortices generated at the
transport channel inlet increase. For
a constant characteristic number, it is
recommended that the transport chan-
nel length and inlet area be decreased
simultaneously.

2. As the transport channel length in-
creases, the vortices generated on
both sides of the transport channel
inlet decrease. The air velocity in
the transport channel inlet centre re-
gion increases slightly. Increasing the
transport channel inlet area will lead
to a significant increase in the vorti-
ces and a noticeable decrease in the
air velocity of the centre area of the
transport channel inlet. The transport
channel inlet area has a greater effect
on the airflow characteristics of the
transport channel than the transport
channel length.

3. The bypass channel plays an important
role in improving the airflow stream-
lines of the transport channel. Due to
the pressure difference between the ro-
tor and the outside environment, exter-
nal air flows into the transport channel
from the bypass channel. The vortices
are reduced significantly, and the air
velocity in the fibre separation area is
higher and more uniform.
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