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B Introduction

Du Pont invented interlacing technology
in 1961 [1]. It can be used to improve the
cohesion between multi-filament yarn, to
facilitate winding-up and unwinding and
to produce novel yarn [2].

The interlacing device, known as an in-
terlacer, plays an important role in the
interlacing process. A simple interlacer

Figure 1. Cross-sectional shapes and sizes of yarn channels (Unit:

mm,).
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Study on 3-D Flow Patterns in Yarn
Channels of an Interlacer

Abstract

The aim of the present work was to determine the flow characteristics of compressible
airflow in the yarn channel of an interlacer by numerical simulations to make clear the ef-
fects of cross-sectional shapes of the yarn channel on the performance of interlacers. CFD
(Computational Fluid Dynamics) software package ANSYS CFX was used to calculate flow
patterns in the yarn channel. Relations between the performance of the interlacer and dis-
tribution of the velocity vector, airflow speed and particle trace of the flow were clarified to

provide knowledge to design better interlacers.
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is composed of an air jet nozzle, yarn
channel and two yarn guides. By blowing
compressed air on a yarn running through
the yarn channel, filaments tangle with
each other to form interlaced yarn with
alternate tangling and opening parts. The
interlacer is the key part in the interlac-
ing process. Yarn interlacing is the result
of compressed air acting on a bundle of
loose filaments; hence the airflow pat-
terns strongly affect the characteristics
of interlaced yarn and the performance
of the interlacer. Many works have been
carried out to make clear some airflow
patterns, such as static pressure on the
yarn channel [4, 5] and dynamic pres-
sure near it [6], either by an experimental
method [4 - 6], computation method [7]
or by a combination of these two meth-
ods [8, 9]. Most of these papers paid
much attention to the measurement of
airflow patterns. However, little attention
was paid to the relation between the per-
formance of the interlacer and flow pat-
terns. On the other hand the traditional
way of designing new types of interlacer

Air jet nozzle

Inlet of air

Yarn channel

needs its manufacture and many experi-
ments afterwards, which is time consum-
ing and expensive.

In a previous research, seven interlacers
with various cross-sectional shapes of
the yarn channel were made and then the
effect of various cross-sectional shapes
of the yarn channel on characteristics of
the interlaced yarn [10] and yarn motion
in the yarn channel [11] were clarified.
Cross-sectional shapes and sizes of yarn
channels are shown in Figure 1. The di-
ameter of the air jet nozzle is 1.4 mm, and
the distance between two yarn guides -
25.4 mm. Notation C1 represents the
interlacer with a circular cross-sectional
yarn channel. E1, E2 and E3 are interlac-
ers with an elliptical yarn channel. S1 has
a square yarn channel, and T1 and T2
have a triangular one.

On the basis of previous research [12]
which aimed to find an effective way to
simulate airflow in the yarn channel, we
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Figure 2. Geometry used in simulation.
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Table 1. Sizes of the outer region.

Size of the outer region

Interlacer

do, mm lop, mm
C1 14.00 56.00
E1 21.00 84.00
E2 17.50 70.00
E3 21.00 84.00
T1 21.77 87.08
T2 21.77 87.08
S1 17.54 70.16

Table 2. Computation conditions at the en-
trance of air jet nozzle.

Po, MPa Pin, MPa

(Gauge (Absolute Tin, Vin,
K mis
pressure) pressure)
0.2 0.159
0.3 0.212 2441 | 3131
0.5 0.317

calculated flow patterns in these seven
interlacers with a commercial CFD soft-
ware package - ANSYS CFX. The aim of
the present work is to clarify the relations
between the performances of interlacers
and flow patterns in the yarn channel and
to provide knowledge for the better de-
sign of interlacers.

@ Simulation

Geometry

Figure 2 shows the geometry used in
simulation (taking interlacer E2 as an ex-
ample). Each geometry was composed of
three parts: an air jet nozzle, yarn channel
and outer region. The diameter d, and
length 1, of the outer region were five
times and twenty times that of the diame-
ter of the yarn channel, respectively. Half
of the interlacer origin was used because
of the symmetry to save the time of cal-
culation. Table 1 gives the sizes of each
outer region.

Boundary conditions

Since these seven interlacers can produce
interlaced yarn with a large number of tan-
gles at supplied air pressure pg = 0.3 MPa
(gauge pressure) [10], flow patterns in
the yarn channel at that pressure were
simulated. Moreover because interlacers
E2 and T2 outperform the other interlac-
ers, flow patterns in their yarn channels
at po = 0.2 and 0.5 MPa were simulated.

A compressed air reservoir supplied
compressed air for yarn interlacing. In
the air reservoir, pg is adjustable, tem-
perature 79 = 293 K and flow speed
vog = 0 m/s. The atmospheric pressure
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is pp = 0.1013 MPa (absolute pres-
sure), temperature 73, 293 K and speed
vy, 0 m/s. When pq is 0.2 MPa, because
pp/(pp + 0.1013) is less than 0.528, air
chokes in the air jet nozzle and the speed
of the air v, at the entrance of the air
jet nozzle is equal to that of the sound,
which is decided by the temperature at
the entrance of the air jet nozzle Tj, [13].
Table 2 gives computation conditions at
the entrance of the air jet nozzle.

The airflow in the yarn channel is turbu-
lent and hence the standard k& - &€ model
of turbulent fluid is used. Compressed air
in the interlacer is taken as viscous and
compressible ideal gas. Yarn is neglected
in simulation because its volume is low
compared with the high pressure and ve-
locity of the compressed air.

Since the yarn channel is very short and
the speed of compressed air is very high,
the interlacing process is completed in a
very short time. For simplification, we
assumed that the process is adiabatic,
i.e. no heat transfers through the wall
of the interlacer. On the wall of the yarn
channel and air jet nozzle, no slip is ap-
plied. Figure 3 shows the positions of the
boundary condition geometrically.

Mesh generation

The numerical method used for discre-
tisation in CFX was the finite volume
method (FVM). This approach involves
subdividing the entire flow geometry into
finite control volumes using a mesh [14].

ANSYS ICEM was used to generate an
unstructured triangular mesh. Figure 3.a
shows the shape of the mesh element.
Figure 3.b indicates the distribution of

a)

Figure 3. Mesh in simulation; a) shape of
mesh element, b) distribution of mesh ele-
ments on plane z = 0 mm in interlacer E2.

mesh elements on plane z = 0 mm, the
cross-section of the yarn channel includ-
ing the axis of the air jet nozzle, in inter-
lacer E2.

Computational scheme and computer

The numerical technique utilised for dis-
cretisation was the upwind difference
scheme (UDS).

Iteration of the computation is set to
1000, which can ensure the calculation
stops because the RMS (residual of root
mean square) = 1 x10-3 is satisfied. The
computer used for calculation has two
CPUs (2.2 GHz, AMD Opteron) and 12G
RAM.

I Results and discussion

Performance of seven interlacers

The performance of an interlacer is
evaluated from the characteristics of the
interlaced yarn it produces. A better in-
terlacer can produce interlaced yarn with
a large N, number of tangling parts per
meter, and proper S, strength of tangling
parts [10].

Figure 4 shows a comparison of the per-
formance of seven interlacers at supplied
air pressure py = 0.3 MPa, yarn speed
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Figure 4. Com-
parison of the per- 20l o a0
formance of seven O N
interlacers at sup- S S
plied air pressure
po = 0.3 MPa, yarn 0 . . . . . . 0
speedv=200m/min c1 E2 E3 T1 T2 91
and overfeed ratio Interlacers
F=2%.
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Figure 5. Distribution of velocity vectors on plane z = 0 mm in seven interlacers at pg = 0.3 MPa; a) C1, b) El, c¢) E2, d) E3, e) T1, f) T2,

g) SI.

y = 200 m/min and overfeed ratio
F=2%.

Among them, the round yarn chan-
nel is good for yarn interlacing and the
cornered yarn channel can produce an
interlaced yarn with higher strength of
tangles.

Distribution of air velocity vectors on
plane z =0 mm

The yarn on plane z = 0 mm was acted
upon by compressed air directly from
the air jet nozzle. Yarn motion on plane
z =0 mm characterised the yarn interlac-
ing. Since the yarn was light, flow pat-
terns on plane z = 0 mm greatly affected
yarn motion.

Figure 5 shows the distribution of veloc-
ity vectors on plane z = 0 mm in seven
interlacers at pg = 0.3 MPa. Before the
interlacing process, the yarn position
was along half of the height of the

yarn channel and intersected the axis of
the air jet nozzle. Flow patterns on the
cross-section of yarn channel including
the axis of air jet nozzle decide both the
yarn motion and the space for interlac-
ing yarn.

From Figure 5, except for interlacer
E3, symmetric vortexes occur on plane
z =0 mm in the other six interlacers. In
interlacer E3, since the width of the yarn
channel is close to the diameter of the air
jet nozzle, no obvious vortexes appear.
Yarn is difficult to run to the lower part of
the yarn channel and cannot be interlaced
sufficiently in E3 because reverse flows
on plane z = 0 mm are weak.

In interlacer S1, vortexes occur at cor-
ners A and B, where the speed of flow is
lower. Yarn is easy to be trapped in cor-
ners for a long time because of the lower
speed flow. Hence interlacer S1 has poor
performance.

d) e)

f)

Figure 6. Contour of Uy on plane z = 0 mm in interlacers CI, El, E2, E3, T and T2
(po = 0.3 MPa); a) C1, b) El, c) E2, d) E3, e) T1, f) T2 (Unit: m/s).
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In interlacer T1, vortexes at the bottom
of the yarn channel have little effect on
yarn motion because the high speed flow
blows yarn to the upper part of the inter-
lacer. As for interlacer T2, since the top
two corners are beyond the two vortexes,
the corners slightly influence yarn mo-
tion.

In interlacer E3, the effect of two vortex-
es on yarn motion is something like that
of S1. In its yarn channel, yarn stays in
the vortexes for a long time.

Vortexes on plane z = 0 mm in interlac-
ers C1 and E2 can afford a big space for
yarn interlacing and they can produce
interlaced yarn with a large number of
tangles.

Contour of air speed Uy on plane

z=0 mm

We know that opening yarn by com-
pressed air is essential to yarn interlac-
ing. Since the opening of yarn is per-
formed by the action of compressed air, it
was strongly affected by Uy, the velocity
of the flow in the y-direction.

Figure 6 shows the contour of Uy on
plane z = 0 mm in interlacers C1, El,
E2, E3, T1 and T2 (py = 0.3 MPa). We
omitted interlacer S1 because it has the
poorest performance. From Figure 6, the
highest flow speeds, which decide the
opening of yarn, are at the center of the
cross-section of the yarn channel. Fig-
ure 7 shows Uy at the intersection (ori-
gin) of the initial yarn position and the
axis of the air jet nozzle in interlacers C1,
El, E2, E3, T1 and T2 (pg = 0.3 MPa).
Among these six interlacers, Uy, & Uy
at the origin in interlacers C1, E2 and T2
are higher and close to each other. In in-
terlacers E1, E3 and T1, Uy, are lower,
especially in T1. In this case, yarn cannot
be opened sufficiently. Moreover in inter-
lacer E3, as shown in Figure 6.d, the dis-
tribution of higher speed flows prevent
yarn from running to the low part of the
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Figure 7. Uy at the intersection (origin) of the initial yarn position
and the axis of the air jet nozzle in interlacers Cl, El, E2, E3, T1

and T2 (py = 0.3 MPa)

ers Cl, E2 and T2.

Figure 8. Distribution of Uy at the initial yarn position in interlac-
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Figure 9. Relation between Uy, and supplied air pressure pg in

interlacers E2 and T2.

yarn channel, hence yarn is interlaced in
a small space. For interlacer E1, because
of the wider yarn channel, compressed air
expands after entering the yarn channel
and the flows cannot have higher speed,
which is not good for opening yarn.

Air speed Uy at initial yarn position

Figure 8 shows the distribution of Uy
at the initial yarn position in interlacers
C1, E2 and T2. We chose them because
they can open the yarn at the origin po-
sition well. As shown in the Figure, Uy
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Figure 10. Distribution of static pressure pg (absolute pressure) on

the circumference of E2 at various pg (z = 0 mm).

decreases sharply in regionz=0 -2 mm,
and then to 0 m/s, which means that the
yarn is mainly opened in the middle part
of the yarn channel. Designing interlac-
ers with higher Uy at the initial yarn posi-
tion is important to improve the number
of tangles.

Flow patterns in interlacers E2 and T2

Interlacers E2 and T2 outperform the oth-
ers when both the number and strength
of tangles are considered. They can pro-
duce interlaced yarn with larger N at sup-

plied pressure py = 0.3 MPa, not at 0.2
nor 0.5 MPa.

Figure 9 shows the relation between Uy,
and supplied air pressure p in interlacers
E2 and T2, indicating that Uy, increases
with pg and the Uy, in interlacers E2 and
T2 is close when pgy > 0.3 MPa. Since
the opening of the yarn is improved, the
number of tangles also increases. Howev-
er, in a previous study [10], the interlacer
produced interlaced yarn with a smaller
number of tangles at py = 0.5 MPa.
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Figure 12.

®—— Outlet of the air

Inlet of the air jet nozzle

Figure 11. Distribution of static ps at the top of the
varn channel in interlacer T2 at various po (z = 0 mm).

Figure 12. Particle trace of flow starting from the inlet
of the air jet nozzle in interlacer E2.

Figure 13. Distribution of U, on particle trace of flow
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Figure 10 shows the distribution of static
pressure pg (absolute pressure) on the
circumference of E2 at various py (z = 0
mm). Figure 11 shows the distribution of
static py at the top of the yarn channel in
interlacer T2 at various py (z = 0 mm).
From the figures, pg increases with pg
and reaches the maximum at the exten-
sion of the axis of the air jet nozzle. Yarn
is easy to stay in the yarn channel when
ps > 0.28 MPa and the continuous yarn
motion is interrupted.

U, on particle trace of the flow

Yarn motion in the yarn channel is de-
cided by flow patterns because the speed
of flow is high and the yarn light. In a
previous paper [15], it was difficult to ob-
serve three dimensional yarn motions in
the yarn channel by eye or stroboscope.
By visualising the results of CFD, we can
observe the particle trace of flow in the
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yarn channel clearly. Figure 12 shows
the particle trace of flow starting from
the inlet of the air jet nozzle in interlacer
E2. The trace of the flow particle is a for-
warding helix running against the wall of
the yarn channel.

Figure 13 shows the distribution of U,
on the particle trace of flow at various
supplied air pressures pg. U, is the veloc-
ity of the flow in the z-direction along the
axis of the yarn channel, which affects
the tension of yarn in interlacing, which
is like that of the overfeed ratio on yarn
interlacing. From the figure, U, increases
first, reaches the maximum at z = 2 mm,
and then decreases. When the air pres-
sure supplied increases from 0.2 to 0.5
MPa, U, decreases in the region z = 0
to 2 mm. In this case, yarn tension also
decreases, which makes the yarn open
easily. When pg = 0.2 MPa, because U, is

at various supplied air pressures py.

large, yarn tension is higher, which pre-
vents the opening of yarn.

M Conclusions

In this study, flow patterns in seven in-
terlacers with various cross-sectional
shapes of yarn channels were computed
using the CFD software package ANSYS
CFX. The performance of the interlacer
was decided by flow patterns in its yarn
channel.

1) Vortexes at plane z =0 mm affect the
space for yarn interlacing.

2) The velocity of the flow affects yarn
interlacing in two aspects: Uy, air ve-
locity along the axis of the air jet noz-
zle affects the yarn opening, and Uy,
air velocity along the axis of the yarn
channel affects yarn tension. Higher
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Uy and lower Uy are good for the
opening of yarn.

3) Higher supplied air pressure is good
for yarn opening. However, too high
supplied air pressure will blow and
hold yarn on the yarn channel wall for
a long time, which decreases the num-
ber of tangles.

4) The trace of flow particle in the yarn
channel is helical.

5) The opening and tangling of yarn pro-
ceed mainly in the middle part of the
interlacer.
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