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B Introduction

Articles [1, 2] present an analysis of
constructions of solutions for interlac-
ing nozzles designed for linking filament
yarns and an analysis of new construc-
tions developed at the Textile Research
Institute designed for linking staple fibre
filament yarns. The research material
consisted of 14 variants of nozzles for
which:
features of the internal structure were
described;
results of measurements of the volume
of the air stream (Q) flowing out from
the nozzle were presented;
results of measurements of the speed
(V] and V,) of air flowing out from
both sides of a nozzle (in the outlet
planes of their interlacing duct — A}
and Aj), the methodology of measur-
ing such parameters and the measur-
ing sets were described;
analysis of the parameters mentioned
above was performed.

The very small dimensions of the inter-
lacing and air ducts in the interlacing noz-
zle did not allow to determine the three
dimensional structure of the air flow. The
speeds of the air stream (V1 and V) flow-
ing out from both sides of the interlacing
nozzle (in their outlet planes A and Aj)
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Abstract

This article is a continuation of the publication entitled: Modelling the parameters of air-
flow in pneumatic nozzles for linking staple and filament yarns. Part I. Determining of the
volume flow and local speeds of air-flow, and Part Il. Results of the average speeds and
asymmetry of the air stream flowing out of a nozzle, published in Fibres & Textiles in East-
ern Europe No. 3 (86) 2011 and 4 (87) 2011. The study, whose results are presented in this
publication, includes the development of methodology for determining the parameters of
an air stream such as the force of air flow acting longitudinally, a stream of air impulses
and an analysis of the results of the indicators mentioned above. These indicators are pa-
rameters describing the intensity of the air stream in pneumatic linking of yarns manufac-
tured from staple and filament fibres, determined on the basis of values of the speed of air
flowing out from the nozzle, on the pressure of the air supplied to the interlacing nozzle,
on selected constructional features of the nozzles (dimensions of the interlacing duct), and
on structural features of the yarns linked. The results presented below relate to an innova-
tive group of nozzles for the pneumatic linking of yarns, developed at the Textile Research
Institute (IW), and designated for exploring the extent to which it is possible to shape the
parameters of the air stream acting on the yarns linked - mainly through the selection of
particular structure and constructional features of the nozzle design, and changes in the
pressure of the air supplied.
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of different constructions showed great
differences in the distribution of this pa-
rameter between the nozzles of different
shapes and dimensions of the interlacing
duct and the dimensions and arrangement
of the air duct. The nozzles also vary with
the parameters of the air volume stream
(also called air consumption). The level
of these parameters increases with an in-
crease in the air pressure.

Analysing what we already know about
the internal geometry of nozzles, the
speeds of air flowing out and the air vol-
ume stream, the authors aimed to deter-
mine the indicators which could show
the intensity of the air flow on the yarns
linked in different solutions of interlac-
ing nozzles. The result of linking the
component yarns in the yarn pneumati-
cally linked depends on the intensity of
the compressed air flow. Such investi-
gations on forming component yarns
pneumatically linked with the use of new
solutions of nozzles [3] were performed
at IW, mainly using cotton yarns and
polyester yarn. Cotton yarn has a very
specific structure of fibre configuration
[4 - 10], which is re-structured by the
stream of compressed air, the intensity of
which, by modelling changes in the yarn
structure, informs about the quality of
the component yarns obtained and their
physical parameters.

For the analysis of modelling the intensi-
ty of air flow acting on yarns subjected to
pneumatic linking, the authors proposed
the following two parameters:
thrust of the air flowing out from the
both sides of the interlacing duct,
stream of impulses of the air flowing
out from the both sides of the interlac-
ing duct.

It was proved that it is possible to model
the intensity of air flow in the process of
the pneumatic linking of yarns. The fac-
tors determining the value of the indica-
tors of the air flow are the air pressure and
constructional features of the nozzles.

A description of changes in the intensity
of the air flow on the physical and quali-
tative properties of yarns formed with the
use of different kinds of new construc-
tions of nozzles designed at IW will be
the subject of our future publications.

M Aim of the research studies

The aim of this research was to determine
the indicators of the intensity of air flow
in the process of pneumatic linking yarns
and to analyse the possibilities of mod-
elling the indicators of the intensity of
air flow depending on the constructional
features of the interlacing nozzles, with
the pressure of air supplied to the nozzle
changing gradually.
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Figure 1. Modelling the indicators of air flow intensity for nozzles with a symmetrical interlacing duct and perpendicular air duct.
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Figure 2. Modelling the indicators of air flow intensity for nozzles with a symmetrical interlacing duct and air duct at an angle.

Research materials and range
of study

Research material included 14 variants
of nozzles for pneumatic linking yarns,
10 of which were developed at the Tex-
tile Research Institute (IW), while the
other nozzles were developed by world-

famous companies producing such ele-
ments (Heberlein, Temco, Fibreguide).
The nozzles investigated were divided in
the following two groups, depending on
their constructional features:

nozzles with a symmetrical interlac-
ing duct,

Table 1. Results of the indicators of the asymmetry of air flow impulses calculated (al).

Nozzle Symbol

0.10 0.15

02.10 1.00 1.00

Figure 1 02.02 1.07 1.35

02.35 212 212

02.12 2.28 1.80

Figure 2 03.04 1.70 1.98

06.25 1.40 1.39

04.08.a 15.09 11.65

) 04.08.2’ 1.29 1.02
Figure 3

05.03 1.70 1.42

05.02 3.70 2.18

02.02.a 5.45 5.99

Figure 4 02.08.a 3.44 3.84

06.01 3.90 2.92

06.02 3.33 2.63
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Air pressure, MPa

0.20 0.25 0.30 0.35 0.40
1.00 1.00 1.00 1.00 1.00
1.47 1.28 1.16 1.21 1.36
1.05 1.19 1.01 1.20 1.27
1.89 1.33 1.50 1.47 1.49
1.39 1.34 1.23 1.18 1.15
1.28 1.28 1.23 1.18 1.15
11.79 5.70 4.82 4.25 4.30
1.20 1.20 1.16 1.35 1.47
1.26 1.41 1.27 1.32 1.25
2.06 1.62 1.82 1.62 1.58
4.98 3.37 3.88 4.02 4.28
3.38 3.12 2.60 2.41 2.81
2.33 1.84 1.87 1.93 1.96
3.26 2.34 2.12 2.1 2.12

nozzles with an asymmetrical inter-
lacing duct.

A precise description of nozzles for
pneumatic linking yarns, including the
nozzles developed at IW designated for
linking staple fibre component yarns, is
presented in [1, 2].

Schemes of the nozzles investigated,
the shapes of the interlacing ducts and
arrangement of the air duct to the inter-
lacing duct, as well as a description of
selected structural features of these noz-
zles are presented in Figures 1, 2, 3 and
4, including the results of the parameters
selected.

The range of studies, whose results are

the subject of this article, is as follows:
developing a methodology for deter-
mining indicators of the intensity of
air flow in the process of pneumatic
linking yarns;
determining indicators of the intensity
of the air flow — the force of longitu-
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dinal air flow (S) and the stream of air
impulses (I);

analysing the results obtained — for
different variants of interlacing noz-
zles of different structures and con-
structional features depending on the
air pressure supplied to the nozzle.

Methodology of determining
the indicators of air flow
intensity

The indicators of the intensity of air flow
on the yarns linked in the stream of com-
pressed air were determined on the basis
of the results presented in the previous
publications [1, 2].

The basis for determining parameters
that evaluate the air flow intensity in the
process of pneumatic linking were the
values of the average speed (V| and V;)
of the air stream flowing out from both
sides of the nozzle, the air pressure sup-
plied to the nozzle, selected construction-
al features of the nozzles, and structural
parameters of the yarns linked.

The methods for calculating the indica-
tors of longitudinal air flow and stream
of air impulses, which are the measure of
interactions of air flow in the process of
pneumatic linking, are presented below.

Calculating the force of longitudinal
air flow (S; and Sj)

The forces of air flow acting longitudi-
nally (S; and S, — at the inlet and outlet
of yarn in the interlacing nozzle) were
calculated according the equations [11]
given below:

S]=K'pd1'7t'd'l (l)
S)=K-pgp-m-d-l ()

where K — coefficient of yarn resistance
(for cotton yarn K = 0.05), d — diameter
of linked yarn in m (for yarns analysed d
=0.001 m), 1- half-length of the inter-
lacing nozzle in m (1 =0.007 m), pq; and
pd2 — dynamic pressure at the inlet and
outlet of yarn from the interlacing nozzle
in N/m?, ©=3.14.

It is a simplified equation, assuming that
the yarn is motionless and fixed in the in-
terlacing duct. According to the prelimi-
nary calculations, the movement of yarn
changes the thrust along the thread flown
by the air stream by about 3 to 10%.

The dynamic pressure (pq in mm Hg),
measured using a Pitot tube, was con-
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Figure 3. Modelling the indicators of air flow intensity for nozzles with an asymmetrical
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Figure 4. Modelling the indicators of air flow intensity for nozzles with an asymmetrical

segmental interlacing duct.

verted to a pressure given in N/m2.
Two values of the longitudinal force
were measured: S; — at the inlet of yarn
to the interlacing duct and S, — at the

outlet of yarn from the interlacing duct.
The area in which air is supplied to the
interlacing duct is placed in its half
length.

53



This way the aerodynamic forces for the
manometric pressures were calculated in
the range from 0.1 to 0.4 MPa.

Calculating the values of air stream
impulses (I; and 1)

Using the already determined values of
the speed V in m/s of air flowing out
from the nozzle (V| — at the inlet, V, —at
the outlet of the interlacing duct) and the
surface of cross-sections of the interlac-
ing duct A in mm: A — at the inlet, A,
— at the outlet of the interlacing duct, the
stream of air impulses I in N, which is
the mass flow of air acting in a unit of
time on the yarns linked, was calculated
according to the formula:

I=m-V 3)

where m - mass flow of air flowing out
in kg/s; V' - average speed of air flowing
out in m/s;

m=p-Q )

where p - density of air flowing out from
the nozzle in kg/m3; Q - air volume
stream in m3/s;

0=A4-V 5)

where A- cross-sectional area of the in-
terlacing duct in mm?2;

After rearranging Equation 3 we obtain:
I=p-A-V? (6)

The air stream is divided, which can be
written as:

Ly=p1-A;1- V2 (7
L=py- Ay Vy? (3)

In this way /; and I, were calculated for
the nozzles investigated and range of air
pressure from 0.1 — 0.4 MPa, giving their
values in cN.

@ Results and discussion

Figures 1, 2, 3 and 4 (see pages 54 & 55)
present the results of the indicators of air
flow intensity determined for the nozzles
of different features of the internal struc-
ture analysed, where F is the area of the
cross-section of the interlacing duct.

On the basis of the values of /; and I,
calculated, indicator a/ — known as the
indicator of the asymmetry of air stream
impulses, was determined, and its value
was calculated as a quotient of /; and I,
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values, where the higher value was re-
lated to the lower value, thus its value is
equal or higher than one (a/ > 1).

al =1 ©)
1= 1 10
ora 7 (10)

The values of the indicator of impulse
asymmetry (al) inform about the scale of
differences between the intensity of air
flow in both the inlet and outlet planes
of the nozzle (A and Aj). These values,
determined for air pressure within the
range of 0.1 — 0.4 MPa, are presented in
Table 1 (see page 52).

Analysis of the parameters determining
the intensity of air flow in the process of
pneumatic linking yarns, for interlacing
nozzles with different internal construc-
tions showed the following dependen-
cies:

1. For all constructions of nozzles ana-
lysed, the dependencies of the value
of air stream impulses (I) and force
of longitudinal air flow (S) on the air
pressure supplied to the nozzle were
noted. An increase in the air pressure
increases the values of both indica-
tors.

2. For nozzles with a symmetrical in-
terlacing duct, in which the inlet and
outlet planes are identical (Figures 1
and 2), the following relations of the
indicators of air flow intensity be-
tween the outlet planes were obtained:

for the air duct placed perpen-
dicularly to the interlacing nozzle
(Figures l.a, 1.b & 1.c), the distri-
bution of air stream impulses and
force of longitudinal air flow was
symmetrical or near-symmetrical;
for the air duct placed at an angle to
the interlacing duct (Figures 2.a,
2.b & 2.¢), the distribution of pa-
rameters I and S was near-symmet-
rical;

for nozzles with an air duct at an
angle, the asymmetry of indicators
I and S is higher (higher differenc-
es in values between the outlets)
than for those with a perpendicular
air duct.

3. For nozzles with an asymmetrical inter-
lacing duct, in which the inlet and outlet
planes differ in the shape and/or dimen-
sions of the cross-section area, it is pos-
sible to model the values of air stream
impulses and the force of longitudinal
air flow between the surfaces of the in-
let and outlet ofthe interlacing duct:

For nozzles with a convergent in-
terlacing duct, the distribution of
air stream impulses (I) was asym-
metrical in most cases, and the dis-
tribution of the forces of air flow
acting longitudinally (S) was near-
symmetrical,

Similar dependencies were ob-
tained for the nozzles with a seg-
mental interlacing duct — asym-
metrical distribution of air stream
impulses (I) and near-symmetrical
distribution of the forces of air flow
acting longitudinally (S).

B Summary

An air stream was introduced to the in-
terlacing duct, flowing out from both its
sides. The intensity of its action on the
yarn in the process of pneumatic linking
is determined by the stream of impulses
(1) and force of air flow acting longitudi-
nally (S), simultaneously it is modelled
with different factors such as:
longitudinal structure of the interlac-
ing duct (symmetrical, asymmetrical,
segmental);
dimensions of cross-sections of the in-
terlacing duct (A);
arrangement of the air duct in relation
to the interlacing duct (perpendicular
or at an angle) and dimensions of its
cross-section area (F);
pressure of air supplied to the nozzle.

The investigations performed proved that
modelling the intensity of air flow in the
process of pneumatic linking is possible
by selecting a suitable construction of the
nozzle and value of air pressure.

The results showed how diverse an influ-
ence the internal construction of the noz-
zle (structure of the interlacing and air
duct, and their mutual relations) has on
modelling the air flow parameters — the
connecting medium in the technique of
pneumatic linking yarns.

In light of the research results presented
in this article and also in [1, 2], the proc-
ess of modelling the parameters of yarns
pneumatically linked, formed using new
(developed at IW) constructions of noz-
zles and those manufactured by world
producers, will be the subject of our fu-
ture publications.
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