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B Introduction

Compact spinning is one of the most im-
portant new kinds of spinning methods,
which is implemented by adding a fibre-
converging device in the front of the
drafting system on a ring spinning frame.
The yarn structure and quality have a
qualitative development since the fibre
tension distribution in the spinning trian-
gle is more uniform [1 - 3]. Therefore re-
search on compact spinning has attracted
more and more attention and fruitful re-
sults have been achieved [4 - 8]. There
are five major kinds of compact spinning
at present: Rieter, Sussen, Toyota, Zinser
and Roscraft, with fibre-converging in the
former four being achieved by negative
pressure airflow [11]. Therefore compact
spinning with a negative pressure airflow
fibre-converging device is the most ex-
tensive at present, with research on the
flow field in the fibre-converging zone
always being the emphasis and difficulty
of this kind of compact spinning [6 - 8].
Four-roller compact spinning with a neg-
ative pressure airflow fibre-converging
device is the most widely used, which ac-
counts for about 70%, and occupies the
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Research on the flow field in the fibre-converging zone is always the emphasis and difficulty
of compact spinning. Therefore in this work numerical studies on the three-dimensional
flow field in four-roller compact spinning with a guiding device were carried out using
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leading position on the market. Therefore
the aim of this paper was to perform nu-
merical studies on the three-dimensional
flow field in four-roller compact spinning
with a guiding device using Fluent soft-
ware, and lay the foundation for system
optimisation.

The traditional theoretical analysis
method, experimental measurement
method and computational fluid dynam-
ics method comprise a complete system
for studying the flow field [9]. Especially
the computational fluid dynamics method
has become the most powerful tool for
studying the flow field at present [7, 8],

with Fluent being one of the most gen-
erally used software accordingly [10].
Fruitful results for the flow field have
been obtained by using Fluent software
[6 - 8]. For example, the airflow veloc-
ity in the condensing zone of compact
spinning with a perforated drum was ex-
tracted by Fluent 6.3.26 software, and a
dynamic model for simulating the fibre
motion trajectory in the condensing zone
was constructed and solved by a spe-
cially designed MATLAB program [6].
A computational fluid dynamic model,
computed with parallel technologies and
Fluent 6.3, was developed to simulate the
flow field in the compact zone with 3D

Figure 1. The fibre-converging zone in four-roller compact spinning with guiding device,
1) output top roller, 2) air-suction flume, 3) guiding device, 4) shaped tube, 5) drafting top

roller; 6) front roller.
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Figure 2. A three-dimensional physical
model of fibre-converging zone.

Figure 3. The structure of the Air-Suction
Flume.

computational fluid dynamic technology
for compact spinning with an inspira-
tory groove [7], and so on. However, re-
searches on the flow field in four-roller
compact spinning have not been found
until now. The guiding device is an ef-
fective equipment installed in the fibre-
converging zone which can improve the
use efficiency of airflow. Rieter’s COM4
system is equipped with a guiding de-
vice. Motivated by all these research
works above, this work attempts to in-
vestigate the Three-dimensional flow
field in four-roller compact spinning with
a guiding device. The three-dimensional
flow field of four-roller compact spin-
ning with a guiding device was investi-
gated by using Fluent software. First, ac-
cording to the physical parameters of the
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practical four-roller compact spinning
system measured, a three-dimensional
physical model of the condensing zone
was obtained using AutoCAD software.
Secondly the boundary conditions and
turbulence model used in the simula-
tions were attained. Thirdly according to
the physical model, boundary conditions
and turbulence model, by using fluent
software, numerical simulation results of
the flow velocity in three cross sections
were presented. In the simulation results
how the airflow flows in three cross sec-
tions can be seen, and then we can es-
tablish how the airflow acts on fibres in
the condensing zone. Moreover the mag-
nitude of negative pressure can also be
observed, which lays the foundation for
system optimisation. The effectiveness of
the guiding device for improving the use
efficiency of negative pressure airflow
was emphasised, and the optimal instal-
lation position of the guiding device was
studied.

Three-dimensional physical
model of fibre-converging
zone

The selective fibre-converging zone in
four-roller compact spinning with a guid-
ing device is shown in Figure 1, the pa-
rameters of which are measured directly
according to practical four-roller com-
pact spinning. Then a three-dimensional
physical model for the fibre-converging
zone can be obtained using AutoCAD
software (see Figure 2). In this model,
two simplifying assumptions were made:
Firstly the fibre strand is ignored since
its volume is much smaller than that of
fibre-converging zone. Secondly the lat-
tice apron is also ignored for conveni-
ence of numerical simulation. We also
suppose that the output direction of the
fibre strand is the x-axis, the transverse
converging direction of the fibre strand is
the y-axis, and the thickness direction of
the fibre strand is the z-axis. For conveni-
ence of subsequent comparative analyse,
a straight line 1 is defined in the flow
field, which is parallel to the y-axis, and
clings to the surface of the air-suction
flume (see Figure 3).

Numerical simulation of three-
dimensional flow field using
Fluent

Setting boundary conditions

The airflow in the fibre-converging zone
is considered as incompressible and satis-

Figure 4. The mesh generation of physical
model.

fies Reynolds equations. The turbulence
model adopts the & - £ two-equation mod-
el. According to the physical model, the
bottom surface of the air-suction flume is
set as the pressure outlet boundary; the
superior surface and side of the shaped
tube is set as the pressure outlet boundary
and other surfaces are set as the wall. The
detail boundaries are set as follows:

1) Pressure outlet boundary: temperature
- 298K, pressure - standard atmos-
phere.

2) Pressure inlet boundary: presupposi-
tion, k, € are free variables.

Here, k = (¢%>x12)/2,
&= (c%xk32)/0.03, ¢ = 0.5 ~ 1.5.

3) Wall boundary: non-slip boundary
conditions.

Mesh generation and calculation
method setting

Mesh generation of the three-dimension-
al physical model can be obtained using
Gambit software (see Figure 4), in which
general unstructured quadrilateral mesh
generation methods are adopted, with the
computing units being 467423.

The calculation methods are set as fol-
lows: Solvers - Single Precision Implicit
Split-Operator, Discretisation scheme -
First Order Upwind Difference Scheme,
Coupling problem between pressure and
velocity - SIMPLE Algorithm, Viscos-
ity Coefficient and Density on Interface-
-Arithmetic mean of adjacent nodes.
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Figure 5. The vector diagram of flow velocity in fiber-converging
zone.
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Figure 6. The vector diagram of flow velocity in X-Z cross section.
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Figure 7. The vector diagram of flow velocity in X-Y cross section, a) without, b) with guiding device.

Numerical simulation results - flow

velocity

By using Fluent software, all the numeri-
cal simulation results of flow velocity are
shown in Figure 5, and a corresponding
vector diagram on the X-Z section (for-
ward direction of fibre strands) is shown
in Figure 6. It is shown that the effective
range of negative pressure is mainly con-
centrated in the zone near the air-suction
flume, and the streamline density of the
flow velocity reaches the maximum in the
air-suction flume, with the flow velocity
also reaching the maximum accordingly.
For illustrating the effects of the guiding
device on the flow field distribution in
the fibre-converging zone, correspond-
ing vector diagrams of flow velocity with
and without a guiding device on the X-Y
section (converging direction of fibre
strands) are shown in Figure 7. It is ob-
vious that the streamline density of flow
velocity in the fibre-converging zone of
compact spinning with a guiding device
increases significantly, with the flow ve-
locity also increasing accordingly. The
effective range of negative pressure also
rises, which is beneficial for improving
the fibre compacting effect. Furthermore
vector diagrams of the flow velocity with
and without guiding device above Line 1
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are shown in Figure 8. Here distance d
between the guiding device and lattice
apron is equal to 3 mm. In the Figures,
the abscissa point y = 0.018 represents
the center point of the air-suction flume,
with the positive value showing that the
velocity direction is consistent with the
positive direction of the corresponding
axis, whereas the negative value is con-
sistent with the negative direction of the
corresponding axis.

The flow velocity component on X direc-
tion (output direction of fibre strand) is
shown in Figure 8.a, which mainly af-
fects the transportation of fibre strands.
It is obviously that the component in
the X direction with a guiding device
increases more significantly than that
without a guiding device, and the fluctua-
tion is smaller, i.e. flow stability is better,
which is beneficial for improving yarn
evenness. The flow velocity component
in the Y direction (transverse converging
direction of fibre strand) is shown in Fig-
ure 8.b, which mainly affects fibres con-
verging. It is shown that the flow velocity
components on the left and right sides of
the air-suction flume are opposites. The
nearer to the air-suction flume, the larger
the flow velocity component in this di-
rection. It is obvious that the component

in the Y direction with a guiding device
also increases more significantly than
that without a guiding device, with the
continuity of the flow velocity streamline
also being better, which is consistent with
Figure 7. According to kinetic energy
equation £ = 0.5mv, we know that when
the quality of fibre strand m is constant,
the larger the flow velocity v is, the larg-
er kinetic energy FE is, which is beneficial
for improving fibre covering during spin-
ning. The flow velocity component in the
Z direction (thickness direction of fibre
strand) is shown in Figure 8.c, which
mainly makes the fibre strands cling to
the lattice apron, and prevents the dis-
persion of fibre strands. It is obvious that
the component in the Z direction with a
guiding device is almost the same as that
without a guiding device.

Numerical simulation results - static
pressure

By using Fluent software, numerical
simulation results of static pressure are
shown in Figure 9. It is seen that the stat-
ic pressure near the air-suction flume is
negative and becomes positive gradually
far away from the air-suction flume, until

equal to standard atmosphere.
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For illustrating the effects of the guiding
device, corresponding vector diagrams of
static pressure with and without a guiding
device above Line 1 are shown in Fig-
ure 10. It is obvious that static pressure
reaches the maximum at the centerline of
the air-suction flume (y = 0.018), which
makes the fibre in the spinning triangle
gather to the centerline easily, and the
spinning triangle decreases accordingly,
beneficial for uniform fibre tension dis-
tributions in the spinning triangle. Mean-
while it is shown that the maximum value
of static pressure in the fibre-converging
zone with a guiding device is -1,800 Pa,
while it is -1,600 Pa without one, i.e. an
effective improvement of 12.5% due to
the installation of a guiding device. Fur-
thermore the variation in airflow is stable
with a guiding device, which is beneficial
for improving negative pressure use ef-
ficiency and yarn evenness.

Installation position of
guiding device optimisation

Static pressure, Pa

Effect of different installation
positions on flow velocity

In this section, the effects of distance d
between the guiding device and lattice
apron on flow field distributions in the
fibre-converging zone will be discussed.
Three different distances d = 3, 4, 5 mm
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Figure 8. The diagram of flow velocity above Line 1 on ;
a) X, b) Y direction, ¢) Z direction.

Figure 9. The vector diagram of static pressure in fiber-converging zone.
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are discussed, respectively. By using Flu-  Figure 10. The diagram of static pressure above Line 1.
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ent software, vector diagrams of the flow
velocity above line 1 are shown in Fig-
ure 11.

The flow velocity component in the X di-
rection (output direction of fibre strand)
is shown in Figure 11.a. It is obvious that
the component in the X direction with
d=3 mm is smaller than that of d =4 mm
and d = 5 mm, with the fluctuation also
being smaller, i.e. the flow stability is
better, which is beneficial for improving
yarn evenness. Airflow in this direction
mainly affects the transportation of fibre
strands. From this point, the larger the
distance, the better the effect of fibre com-
pacting. The flow velocity component in
the Y direction (transverse converging

0.024

direction of the fibre strand) is shown in
Figure 11.b. 1t is obvious that the com-
ponent in the Y direction with d =3 mm
is larger than that of d = 4 mm and
d = 5 mm, with the fluctuation being
smaller, which is beneficial for improv-
ing fibre compacting. The flow velocity
component in the Z direction (thickness
direction of the fibre strand) is shown in
Figure 11.c. On the one hand, the flow
velocity component on this direction
makes the fibre strands cling to the lat-
tice apron and prevents the dispersion of
fibre strands, while on the other, the fric-
tion between the fibre strand and lattice
apron will be produced under this airflow
force, which is unfavorable for fibre cov-
ering. The flow velocity in this direction

with different guiding device position: The flow velocity
on; a) X, b) Y, ¢) Z direction.

increases with an increase in distances d.
From this point, the flow velocity compo-
nent in this direction should be suitable,
with the smaller distance being appro-
priate for yarn spinning with low linear
density, while the larger distance is suit-
able for yarn spinning with high linear
density.

Effect of different installation
positions on static pressure

The contour of static pressures on the
X-Y section (converging direction of fi-
bre strands) is shown in Figure 12, and
corresponding vector diagrams above
Line 1 are shown in Figure 13 with three
different distances d. It is shown that the
effective range of negative pressure in-

Figure 12. Vector diagrams of static pressure above Line 1 with different guiding device positions, a) static pressure without guiding de-
vice, b) d =3 mm, c)d =4 mm,d)d=5mm
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creases significantly with the help of the
guiding device comparing Figure 12.a
with Figure 12.b, which is beneficial for
transverse converging and prevents fibre
diffusion. At the same time, the end of
the air-suction flume in the four-roller
compact spinning system cannot extend
to the nip, i.e. there is no compacting ef-
fect in the distance between the end of
the air-suction flume and the nip. The ex-
istence of the guiding device can make
up for this defect. Comparing Figure
12.b, 12.c¢ and 12.d, the effective range
of negative pressure increases with a de-
crease in distance d. However, too small
distance may make the fibre strand hit
the lattice apron and cause yarn even-
ness deterioration, i.e. the optimal guid-
ing device installation position is closely
related to spun yarn linear density, which
is verified in the next section.

B Experiments

In this section the conclusions obtained
in the previous section were verified by
experiments. The material of the guid-
ing device used in this paper is organic
glass plate, which was rectangular, length
60 mm and width 15.4 mm. The plate was
divided into two sections: A - upper end
of air-suction flume (36 mm), B - fixed
part (24 mm) (see Figure 14).

Effects of guiding device on yarn
qualities

In this section, the effects of the guiding
device on yarn qualities were verified
by experiments. Three different kinds of
yarn were spun: 7.3 tex, 9.7 tex, 14.6 tex
on a spinning frame EJM128K. Details
of the spinning parameters are shown
in Table 1. The test instruments were
as follows: single yarn tester YGO063,
hairiness tester YG172A, evenness tester
YG135G.

The higher breaking strengths and less
hairiness of the spun yarns are the key
achievements of compact spinning tech-
nology. Therefore 3 ~ 9 mm hairiness,
breaking strength and evenness of the
spun yarn were measured, the results of
which are given in Table 2. Here d = 0
represents the case without a guiding de-
vice. From Table 2, it is obvious that all
the qualities of spun yarn measured with
a guiding device are better than without
one. For spun yarn with a guiding device,
the comprehensive qualities are best for
14.6 tex yarn with d =5 mm, 9.7 tex yarn
with d = 3 mm, and 7.3 tex yarn with

FIBRES & TEXTILES in Eastern Europe 2013, Vol. 21, No. 6(102)
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Figure 14. The installation diagram of guiding device; 1) Drafting top roller, 2) Shaped
tube, 3) Output top roller, 4) Lattice apron, 5) Air-suction flume, 6) Guiding device.

Table 1. Spinning parameters.

Linear
density, tex

14.6
9.7
7.3

Roving feeding,
g-(10 m)-1

4.25
3.00
3.00

Twist, Front roller Spacer,
t.p.m. | speed, rmin-1 mm

932.6
1259.4
1406.4

Table 2. Testing results of yarn qualities.

Linear
density, tex

14.6

9.7

7.3

Installation

position of guiding

device (d), mm
0

g W O S, WO G »®

Breaking
strength, cN

266.9
270.5
276.8
276.4
183.5
185.2
191.3
187.6
126.3
135.2
129.6
127.0

222 2.8
178 2.7
159 25

Negative
pressure, Pa

2800
2800
2800

Testing index

Evenness,
CV%

13.78
13.47
13.36
13.13
12.99
12.85
12.23
12.15
12.95
1212
12.63
12.74

Traveller

8/0
10/0
11/0

Hairiness (3 mm),
(10 m)-1

7.2
6.5
5.8
52
7.2
5.8
5.1
53
5.7
3.9
4.1
4.6
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Table 3. Spinning parameters.

Linear Roving feeding, | Twist, Front roller Spacer, | Guiding device position
density, tex g-(10 m) -1 t.p.m. | speed, rrmin-1 mm (d), mm
14.6 4.25 932.6 222 3.0 5
9.7 3.00 1259.4 178 2.8 4
7.3 3.00 1406.4 159 2.5 3

d =3 mm, respectively, which shows that
the optimal guiding device installation
position is closely related to spun yarn
linear density.

In the following, the effects of the guid-
ing device on spinning system energy
consumption were verified by experi-
ments. Three different kinds of yarn were
spun: 7.3 tex, 9.7 tex & 14.6 tex on a
spinning frame EJM 128K with different
converter frequencies. Details of spin-
ning parameters are shown in Table 3.
The measuring results are given in Ta-
ble 4, from which it is obvious that the
negative pressure and flow velocity in
the fibre-converging zone with a guiding
device are larger than without a guiding

device for the same converter frequency,
i.e. the fibre compacting effect is better.
Corresponding three qualities of spun
yarn are shown in 7able 5. 1t is also seen
that all measuring qualities of spun yarn
with a guiding device are better than
without a guiding device.

B Summary

In this paper, numerical studies on a
three-dimensional flow field in four-
roller compact spinning with a guiding
device were investigated by using Flu-
ent software. Using AutoCAD software,
a three-dimensional physical model of
the fibre-converging zone was obtained

Table 4. Testing results of spinning system energy.

Converter
frequency, Hz

185
195
205
185
195
205
175
185
195
205

Linear

density, tex Number

14.6

9.7

7.3

© 0N oA WN =

-
o

Table 5. Testing results of yarn qualities.

Negative pressure value
without guiding device, Pa

Flow velocity without
guiding device, m-s-1

2607 4.36
2801 5.08
3003 5.73
2600 4.42
2796 5.12
3011 5.65
2402 3.61
2604 4.31
2803 5.10
2999 5.84

Number Guiding device (Yes or No) Breaking strength, cN
1 No 254.8
Yes 267.9
No 266.4
2 Yes 276.1
No 277.6
3 Yes 284.4
4 No 172.9
Yes 187.6
5 No 180.5
Yes 198.6
No 188.2
6 Yes 210.4
7 No 120.9
Yes 135.3
8 No 126.3
Yes 141.6
No 131.5
o Yes 145.7
10 No 135.2
Yes 127.6
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Negative pressure value
with guiding device, Pa

according to the parameters of practical
four-roller compact spinning measured.
Numerical simulation of the three-di-
mensional flow field in four-roller com-
pact spinning with and without a guiding
device has been presented, respectively,
using Fluent software. It is shown that
the negative pressure is chiefly concen-
trated near the air-suction flume, with
the velocity reaching the maximum on
the center line. The effective range of
negative pressure in four-roller compact
spinning with a guiding device increases
significantly and the use efficiency of
negative pressure improves accordingly.
Furthermore the effects of distance d
between the guiding device and lattice
apron on yarn qualities have been dis-
cussed. It is shown that the optimal guid-
ing device installation position is closely
related to spun yarn linear density. The
theoretical results obtained in this paper
were finally illustrated by experiments.

Flow velocity with
guiding device, m-s-1

2631 5.06
2825 5.76
3031 6.53
2641 5.66
2843 6.50
3059 7.23
2488 5.90
2697 7.03
2906 8.26
3106 9.52

Evenness, CV%

Hairiness (3 mm),:(10 m)-1

14.12 8.5
13.76 6.9
13.82 71
13.15 5.3
13.17 5.7
13.04 4.6
13.45 7.8
12.63 6.4
13.04 7.2
12.16 5.4
12.56 6.1
12.04 4.7
13.14 6.7
12.36 4.8
12.95 5.7
12.09 3.8
12.67 4.3
11.04 2.9
12.25 4.6
12.54 2.5
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INSTITUTE OF BIOPOLYMERS
AND CHEMICAL FIBRES

LABORATORY OF ENVIRONMENTAL PROTECTION

The Laboratory works and specialises in three fundamental fields:
R&D activities:
research works on new technology and techniques, particularly envi-
ronmental protection;
evaluation and improvement of technology used in domestic mills;
development of new research and analytical methods;

research services (measurements and analytical tests) in the field of en-
vironmental protection, especially monitoring the emission of pollutants;

seminar and training activity concerning methods of instrumental
analysis, especially the analysis of water and wastewater, chemicals
used in paper production, and environmental protection in the paper-
making industry.

Since 2004 Laboratory has had the accredi- N PCA
tation of the Polish Centre for Accreditation §-S—— ressu cuumi
No. AB 551, confirming that the Laboratory e Qﬁ)
meets the requirements of Standard PN-EN ; AADARIA

ISO/IEC 17025:2005. AB 388

Investigations in the field of environmental protection technology:
Research and development of waste water treatment technology, the
treatment technology and abatement of gaseous emissions, and the
utilisation and reuse of solid waste,

Monitoring the technological progress of environmentally friendly technol-
ogy in paper-making and the best available techniques (BAT),

Working out and adapting analytical methods for testing the content of
pollutants and trace concentrations of toxic compounds in waste water,
gaseous emissions, solid waste and products of the paper-making indus-
try,

Monitoring ecological legislation at a domestic and world level, particu-
larly in the European Union.

A list of the analyses most frequently carried out:
Global water & waste water pollution factors: COD, BOD, TOC, suspend-
ed solid (TSS), tot-N, tot-P
Halogenoorganic compounds (AOX, TOX, TX, EOX, POX)
Organic sulphur compounds (AOS, TS)
Resin and chlororesin acids
Saturated and unsaturated fatty acids
Phenol and phenolic compounds (guaiacols, catechols, vanillin, veratrols)
Tetrachlorophenol, Pentachlorophenol (PCP)
Hexachlorocyclohexane (lindane)
Aromatic and polyaromatic hydrocarbons
Benzene, Hexachlorobenzene

Phthalates Polychloro-Biphenyls (PCB)

Carbohydrates Glyoxal

Glycols Tin organic compounds
Contact:

INSTITUTE OF BIOPOLYMERS AND CHEMICAL FIBRES
ul. M. Sktodowskiej-Curie 19/27, 90-570 £.6dz, Poland
Matgorzata Michniewicz Ph. D.,
tel. (+48 42) 638 03 31, e-mail: michniewicz@ibwch.lodz.pl
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