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B Introduction

Part 1 of this article [9] presents the

Modelling of the Parameters of Air-Flow

in Pneumatic Nozzles for Linking Staple
and Filament Yarns. Part l; Results of the
Average Speeds and Asymmetry of the Air
Stream Flowing Out of the Nozzle

Abstract
This article presents the results and analysis of the values of the average speeds of the air
stream at the outlet planes of the interlacing duct of nozzles for the pneumatic linking of

filament and staple yarns. The average speeds of the air-flow at the outlet planes of the

nozzle were determined on the basis of the results of local speeds at different points on these
planes. The methodology and measuring apparatus, designed and constructed at the Textile
Research Institute (Instytut Wickiennictwa - IW) were described in Part I of this article.
Part Il presents an analysis of the different internal structures of the interlacing nozzles and
their influence on the level and modelling (symmetry or asymmetry) of the air stream flow-
ing out from both of their sides, that is at the outflow planes (inlet and outlet of the yarn).
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of nozzles for the pneumatic linking of
staple and filament yarns. The particular
variants of the nozzles differ from each

very interesting observations and in-
spired us for further investigations aim-

methods and results of measurements
of the local speeds of the air stream at
the outflow planes of the interlacing duct

other in the shape of the outlet planes
and some other constructional features.
The research works conducted gave us

Table 1. Example variants of the nozzles of different construction design investigated - their
structure; U¥) Position of the air duct in relation to the interlacing duct; where: || - per-
pendicular; \\ or // - at an angle, < direction of yarn interlacing process, A ;i Ay — surfaces
of the cross-section of the interlacing duct in the outflow planes, at the outlet and inlet, re-
spectively; F — surface of the cross-section of the duct delivering air to the interlacing duct.

Structural features
Longitudinal scheme, cross-sections:

Symbol interlacing duct — A4, A, air duct - F Ux) Surface range
AqAy | A4F AylF
1 2 3 4 5 6
|. Nozzles with a symmetrical yarn interlacing duct
) — )
IW 02.02 Ay ¥, I?I v Aq I 1 ~2.6 ~2.6
F
. R S— -
02.10 Ay O (m— O Aq [ 1 ~2.9 ~2.9
—
02.35 o U U A [ 1 ~21 | ~21
IW 03.04 A U = U »a W 1 ~13 | ~13
02.12 rn U == U »a W 1 ~23 | ~23
] h — Ll
06.25 Ar L [E— N A \\ 1 ~1.3 ~1.3
Il. Nozzles with an asymmetrical yarn interlacing duct
Convergent duct
IW 04.08.a I ~3.0 ~2.1 ~0.7
-

IW 04.08.2° Ar Wi L — oA I ~1.7 ~1.5 ~0.9
IW 05.03 I ~1.4 ~1.8 ~1.4
IW 05.02 Ar " m— A ¥ /1 ~1.4 ~1.8 ~1.4

Segmental duct
p—
IW 02.02.a Ay @) I:I]_,—_I Y Aq I ~4.0 ~2.6 ~0.6
F
— -
IW 02.08.a Ay O I:Iﬂ__l O Aq I ~4.0 ~26 ~0.6
F
P—
IW 06.01 Ay @) :Iﬂ__l < A I ~2.0 ~1.3 ~0.6
F
—
IW 06.02 Ap O :FI N /1 ~2.0 ~1.3 ~0.6
™
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ing to determine the levels of the average
speeds at the outlet planes of the interlac-
ing duct, the influence of the air pressure
which is supplied to the nozzles and of
their constructional features on mod-
elling the level and scale of the speeds
of the air stream flowing out from both
sides of the nozzle. The research work
presented in this article is necessary to
show that asymmetrical nozzles (de-
signed at IW) are innovative solutions
on a global scale and that they require
further investigation, both individual and
comparable to those already elaborated
[1,6 -8, 10, 11]. The innovative charac-
ter of asymmetrical nozzles, elaborated
at IW, refers to the specific construction
design of the yarn interlacing duct. There
is an asymmetry of the cross-sections of
the yarn interlacing duct in relation to the
inlet of air (the air duct), while the sur-
face planes of cross-sections A} and A,
of the outlet are different from both sides
(A1 # Aj). The yarn interlacing duct in
the asymmetrical nozzles changes in
a convergent or segmental way [9].

@ Aim of the research

The aim of this research was to model
the level of speed and scale (symmetry
or asymmetry) of the air stream flowing
out from both sides of the pneumatic noz-
zle by introducing an innovative internal
construction design and changing the air
pressure.

Dopierata H., Radom C., Swaczyna P., Zawadzki L.; Modelling of the Parameters of Air-Flow in Pneumatic Nozzles for Linking Staple and Filament Yams.

Part II: Results of the Average Speeds and Asymmetry of the Air Stream Flowing Out of the Nozzle. FIBRES & TEXTILES in Eastern Europe 2011, Vol. 19, No. 4 (87) pp. 70-73.



300 T T T3
02.10 0202 02.35
4 r V. LR V. V,
] 2 VO 5] m— Y [ — A L
. |A17A AF =26 Ar=Az, AT =26 Aj=A; AF =21
€ 200 4 2 5
- [$)
E . w | 8
= 150 A V1,\v2 T a W1 r1s g
‘S / " - /// £
® 1001 Vi=v2 & — Visvz T+ B visvz 11 ©
g / M-ﬂ TEAA VI BB v >
7 [
50 fos
a) b) c)
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0
0.10 0.15 0.20 0.25 030 0.35 0.40 0.45 0.50 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.10 015 0.20 0.25 030 0.35 0.40 0.45 0.50
Air pressure, MPa
Figure 1. Modelling the parameters of air-flow for nozzles with a symmetrical interlacing duct and perpendicular air duct.
300 3
o V2
250 Vi 125
w
= 06.25 =
€ 200 » ; 2 5
5 uL M m— e
2 @=10° T -
L 150 Fr13 a=10 15 &
© A=A, AFZ13 _ T~
. 1=42 Aj=A, AF=13 £
° ~ ~ V1= 8
O 100 A Vi=vE T ——— e VI=V2 T A 1
2 N B By B ATTATTS ViNZ '
. & A WVINT . VN2 s &
| o c :
50 4 + r 05
a) b) c) ;

010015020 025030035040 045050

0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50
Air pressure, MPa

010015020 025030035040 045050

Figure 2. Modelling the parameters of air-flow for nozzles with a symmetrical interlacing duct and air duct placed at an angle.

@ Research material

The research material included 14 vari-
ants of nozzles for the pneumatic linking
of staple and filament yarns, 10 of which
were designed at the Textile Research In-
stitute (nozzles marked with IW), where-
as the other variants were designed by
world companies manufacturing such el-
ements (Heberlein, Temco, Fibreguide).
The nozzles investigated were divided
conventionally into 2 groups: those with
a symmetrical yarn interlacing duct and
those with an asymmetrical yarn inter-
lacing duct (Analysis of the structure of
pneumatic interlacing nozzles — Part I of
the article). Table I presents characteris-
tics of the structural features of the noz-
zles investigated, as well as their simpli-
fied schemes and symbols.

Values of the average speeds V| and V,
were determined on the basis of the re-
sults of the local speeds, presented in Part
I of this article. For the nozzles investi-
gated, the average values of the speeds
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(V] and V) of air flowing out from the
both sides of the interlacing duct at the
outlet surfaces (A} and Aj) were deter-
mined.

Measurements were carried out for par-
ticular nozzles, changing the air pres-
sure successively from 0.10 to 0.50 MPa
(every 0.05 MPa), that is for 9 values of
air pressure.

I Results and discussion

Analysis of the average speeds

of the outflow of the air stream

The results of the average speeds of the
air-flow at the outlet planes of the inter-
lacing duct and the factor of asymmetry
of the average speeds of the air-flow are
presented in Figures 1, 2, 3 and 4.

The stream of air fed to the yarn inter-
lacing duct flows out from both sides of
it; the scale of this stream and its speed
(V) are determined by different construc-

tional factors simultaneously, including

the following:
longitudinal structure of the interlac-
ing duct (symmetrical, asymmetrical
— convergent and segmental);
shape and dimensions of cross-sec-
tions of the interlacing duct (A);
position of the air duct (perpendicular
kp [|, at an angle k, \\) and value of the
surface of its cross-sections (F);
relation of the surface of the cross-
section of the interlacing duct to the
air duct (A/F).

The air pressure (p) at which the stream
of air is fed through the delivering duct
(kp) to the interlacing duct (k) is the
basic technological factor. In order to
characterise the influence of this factor
on the level of speeds of the air stream
(V4, V) flowing out from both sides of
the interlacing nozzle and on the distri-
bution of its speeds, which is determined
by the distribution factor RV, the changes
in these parameters are presented in Fig-
ures 1 and 2 (for nozzles with symmetri-
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Figure 3. Modelling the parameters of air-flow for nozzles with an asymmetrical conver-

gent interlacing duct.
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Figure 4. Modelling the parameters of air-flow for nozzles with an asymmetrical segmental

interlacing duct.

cal interlacing ducts) and in Figures 3
and 4 (for nozzles with asymmetrical in-
terlacing ducts). The RV factor is calcu-
lated as a relation of speeds V/V;, (V| —
at the inlet of yarn leading to the interlac-

72

ing duct; V, — at the outlet of the nozzle).
A value of RV = 1 indicates a symmetry
of the outflow speeds (V| = V;), whereas
RV >1 or RV <1 indicates an asymmetry
of the outflow speeds (V| >V, or V| <

V5). An analysis of the results obtained
showed that:

For all the variants of the nozzles —
with an increase in air pressure (the
linking medium), the speed of the air
stream flowing out from both sides of
the interlacing duct increases as well.
With an increase in speed, the asym-
metry between the speeds of the air
stream flowing out from both sides of
the interlacing duct decreases.
In ,,go-through” nozzles with a sym-
metrical interlacing duct (the same
dimensions of the interlacing duct
from both its sides) and perpendicu-
lar air duct (k;, ||), there is a symmetry
of the outflow of air, or the outflow is
near-symmetrical. Constructional fea-
tures of these nozzles and parameters
of the air-flow (Figure 1) are as fol-
lows:
A1=A>F; A/F ~2.1and 2.3; k||
Vi=VsorV;=VsandRV=1 (09
-1.0-1.1)
Average speeds: 50 — 170 m/s (for
0.10 — 0.40 MPa), the speeds are a
bit higher for A/F —2.1.
In ,,go-through” nozzles with an sym-
metrical interlacing duct and air duct
at an angle (kp \\), there is an asymme-
try of the outflow of air, with the value
of the speed higher from the slope
direction of the air duct. Features of
these nozzles and parameters of the
air-flow (Figure 2) are as follows:
A1=Ay>F; A/F~1.3and 2.3; k, \\
Vi <Vyand RV<1 (0.7 -0.9) -
asymmetry
Higher values of speed for A/F —
1.3 (110 — 270 m/s with p: 0.10 —
0.40 MPa), rather than A/F — 2.6
(60 — 200 m/min with p: 0.10 —
0.40 MPa)
For a perpendicular air duct (kp |)
and that at an angle (kp \\), there is an
asymmetry of the outflow of air in the
nozzles of a new construction design,
with an asymmetrical convergent
interlacing duct, the surface dimen-
sions of which being different on both
its sides (A # Ajp), but with the same
shapes. The relations between struc-
tural features and air flow features for
these nozzles (Figure 3) are as fol-
lows:
a) for Aj/A, =3 and A|/F = 2.1 and
AYF=0.7; k||
Vi>Vjsand RV>1(2.2-1.2; with
p: 0.10 — 0.40 MPa)
b) for Aj/Ay = 1,6 and A;/F = 1.5 and
AyF=0.9; k||
Vi<Vjyand RV <1 (0.7-1.0; with
p: 0.10 — 0.40 MPa)
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c) forAj/Ay ~1.4and A}/F =~ 1.8 and
AYF =14k |
Vi<Vsand RV <1 (0.6 —0.8; with
p: 0.10 — 0.40 MPa)
d) forAj/Ay = 1.4 and A/F = 1.8 and
AYF=14;ky//
Vi>Vyand RV>1(1.6—1.1; with
p: 0.10 — 0.40 MPa).
Higher speeds of the outflow are char-
acteristic for variants a and b of the
nozzles (to 270 m/s) in comparison
with variant ¢ (230 m/s). Generally,
these kinds of nozzles can be charac-
terised by a much higher asymmetry
of air flowing out from both sides of
the nozzles than those with a sym-
metrical interlacing duct.
In the nozzles of a new construction
design with an asymmetrical seg-
mental interlacing duct (Figure 4),
whose outlet surfaces have different
shapes and dimensions A| # A, there
is also an asymmetrical distribution of
the outflow with the following direc-
tions:
a,b) for Aj/A; = 4 and A|/F = 2.6
and Ay/F = 0.6; k; ||
Vi=>2Vy,and RV >1 (1.1 -
1.0; with p: 0.10 — 0.40 MPa)
Speed 60 — 170 m/s, p: 0.10 —
0.40 MPa
c,d) for Aj/A =2 and A/F = 1.3
and A,/F = 0,6
V] > V2 and RV ~ 1 (1.4 -
0.9; with p: 0.10—0.40 MPa);
Kyl
Vi>Vyand RV >1 (14 -
1.1; with p: 0.10—0.40 MPa);
ky //
Generally, variants ¢ and d can be
characterised by much higher lev-
els of the speed of the air stream
(120 — 280 m/s; p: 0.10 — 0.40 MPa)
and by a much more diversified scatter
of'the outflow with an increase in speed
than variants a and b (60 — 170 m/s;
p: 0.10 — 0.40 MPa).

The investigations conducted show the
diverse influence of the internal con-
struction design of interlacing nozzles in
the interlacing duct — air duct “node” on
modelling the parameters of the air-flow —
the medium linking the yarns. Determin-
ing the speed and asymmetry of the air-
flow has inspired us to investigate further,
which will allow us to get to know the
linking medium acting at the outlet sur-
faces for various solutions of the nozzles
investigated. These investigations will be
the subject of our future research work.
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B Summary

The investigations on the speed of the

air-flow showed the following:

1. An increase in air pressure increases
the speed of the air stream flowing out
from both sides of the interlacing duct
and decreases the scatter of the level
of the speeds between these two sides
(decrease of asymmetry).

2. The scatter and level of the average
speeds between the outlets of the noz-
zles depend on the following: the lon-
gitudinal shape of the interlacing duct
(symmetrical, asymmetrical) and the
dimensions of its cross-sections (A),
as well as the position of the air duct
(perpendicular, at an angle) in relation
to the interlacing duct, and also the
relation of the surfaces of the cross-
sections of these ducts (A/F).

3. A symmetrical distribution of the out-
flow can be obtained only for nozzles
with a ,,symmetrical” interlacing duct,
with the air duct placed perpendicular-
ly; in the other nozzles investigated,
there is an asymmetry of the outflow.
The IW constructions of the nozzles
provide greater possibilities of model-
ling the asymmetry of the outflow.

4. The investigations conducted showed
some possibilities and directions for
modelling the parameters of the air-
flow in interlacing nozzles by choos-
ing suitable internal construction de-
signs and air pressure. Determining
the speed of the air stream flowing out
from nozzles of different construction
design helped us to determine other
parameters informing about the in-
tensity of the effect of the air on the
yarns fed to be joined, which will be
the subject of our future articles.

Modelling the parameters of the air-flow
— medium linking staple and filament
yarns in pneumatic nozzles is the key
issue in achieving a high efficiency of
the process as well as new effects of the
joints and high-quality yarns. The new
construction designs of IW is the way to
achieve these goals.

Technological investigations on link-
ing yarns with the use of the pneumatic
nozzles newly developed are currently
being conducted at the Textile Research
Institute. The results and analysis of the
influence of the air-flow parameters will
be the subject of our future works.
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