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Abstract
In this study, a modular nozzle design was developed in which the twist chamber diameter, injector diam-

eter, injector angle and the number of injectors of the nozzle can be optionally changed without the need 

of conventional manufacturing methods. The developed modular nozzle was compared with conventional 

nozzles taking into account both experimental and numerical analysis results. Experimental performance 

tests were conducted on the yarn quality achieved using air twist, which is the subject of the application of 

the nozzle. In the experimental study, conventional nozzles with the same structural confi gurations were 

produced to determine modular nozzle performance. In all jet-ring yarn productions, the air pressure was 

set at two diff erent values: 75 kPa and 125 kPa (gauge). Yarn hairiness, irregularity and imperfection tests 

were carried out using an Uster Tester 3. Tensile properties (percentage of elongation and tenacity meas-

ured as cN/tex) tests were carried out using an Uster Tensorapid. In the numerical analysis, an Ansys CFX 

18.0 computational fl uid dynamics program was used for both conventional nozzle and modular nozzle 

confi gurations. All parametric study confi gurations were set separately using an SST turbulence model. Com-

paring the fl ow parameters of yarn hairiness (CFD analysis), it was found that increasing vorticity or helicity 

real eigen values reduced yarn hairiness.

Keywords SST, swirling fl ow, swirl number, jet-ring, nozzle-ring, air nozzle

Izvleček
V študiji je bila razvita modularno zasnovana šoba za curkovno predenje prstanske preje, v kateri se lahko poljub-

no spreminjajo premer vijne komore, premer in kot injektorja. Število injektorjev v šobi se lahko spreminja brez po-

trebe po običajnih proizvodnih metodah. Razvita modularna šoba je primerjana z običajnimi šobami z upošteva-

njem rezultatov eksperimentalne in numerične analize. Izvedeni so bili eksperimentalni preizkusi kakovosti preje, 

vitih z uporabo modularno zasnovane šobe. Za določitev uporabnosti modularne šobe so bile izdelane običajne 

šobe z enakimi strukturnimi konfi guracijami. V vseh primerih izdelave curkovne prstanske preje sta bili uporablje-

ni dve vred nosti zračnega tlaka, in sicer 75 kPa ter 125 kPa. Na Uster Testerju 3 so bile izvedene meritve kosmatosti 

in neenakomernosti preje ter količine napak v preji. Natezne lastnosti (pretržna napetost in pretržni raztezek) so bile 

določene na aparatu Uster Tensorapid. Za numerično analizo običajne konfi guracije šobe in modularne šobe je bil 

uporabljen računalniški program za računalniško dinamiko tekočin, Ansys CFX 18.0. Vse študije konfi guracijskih 

parametrov so bile izvedene ločeno z uporabo SST turbulentnega modela. Z analizo CFD, ki omogoča računalni-

ško primerjavo parametrov dinamike tekočin, je bilo ugotovljeno, da povečanje vrtinčenja ali vijačenja realno 

zmanjša vrednosti kosmatost preje.

Ključne besede: SST, vrtinčasti tok, vrtinčna številka, curek-prstan, obroč šobe, zračna šoba
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1 Introduction

Swirling fl ows are found in many areas of our lives 
and engineering. ‘Swirling fl ow’ [1] is defi ned as the 
rotating helical fl ow and can be seen in natural events, 
e.g. tornadoes, hurricanes, water vents, etc. Another 
example of swirling fl ows are the air-jet nozzles used 
in the textile industry on spinning machines. Swirling 
air fl ow is produced in an air nozzle depending on 
nozzle geometry and compressed air [2, 3]. Th e heli-
cal rotating fl ow in turbulent jets results in an increase 
in jet growth, drift  speed and the decay rate of the jet. 
Th ese eff ects also increase when helical rotation den-
sity increases. Swirling fl ows depend on diff erent pa-
rameters, most of which were formulated and found 
as a result of studies. Th e most important parameter 
is the swirling number (Sn). Th e integral defi nition of 
the swirling number is expressed as the ratio of the 
axial fl ux of the angular momentum to the axial mo-
mentum fl ux and radius multiplication [1].

Sn = Angular Momentum
R . Axial Momentum

 = 
GAng

RGAx
 =

     =  ∫0
2π ∫0

R uzuφr2drdφ
R ∫0

2π ∫0
R uz

2rdrdφ   (1)

where R represents the twisting chamber radius, uz 
represents the axial velocity component, uφ repre-
sents the tangential velocity component, and r and φ 
represent the radial and angular coordinates taken 
according to the main hole (twisting chamber) cen-
tre. Since these values cannot be known in advance, 
a geometric swirling number (Sg) can also be defi ned 
based on the ratio of mass fl ows in the twisting 
chamber and in the entrance cross-sectional areas. 
Th ese values can also be defi ned in a geometric 
swirling number (Sg) based on the ratio of mass fl ows 
in the twisting chamber and in the air inlet entrance 
(injectors) cross-sectional areas, as it is not known 
before the CFD (computational fl uid dynamics) 
analysis or experimental studies are performed [1].

Sg = �
mt
mT �

2 
�

Dtc
d �

2 sinθ
N  (2)

where mt and mT represent mass fl ows in the injec-
tors (total) and in the test section (twisting cham-
ber). According to equation 2, the geometric swirl-
ing number (i.e. the swirl density) depends on the 
diameter of the twist chamber Dtc, injector diameter 
d, injector angle θ and the number of injectors N [1].

1.1 CFD turbulence model used
Th e calculation of the turbulent helical rotating fl ow 
by computational fl uid dynamics is the determining 
factor for the appropriate turbulence model. Th e 
swirling number is a decisive factor for the turbu-
lence model of the turbulent helical rotating fl ow in 
the analysis of computational fl uid dynamics. Litera-
ture suggests that if the swirling number is less than 
0.5, there is a weak or medium swirling fl ow that is 
suffi  cient for the fl ow analysis, and the k-ε turbulence 
model can be used (with realisable k-ε, RNG k-ε se-
lections). Guo [1] reported that the Reynolds Stress 
Model (RSM) is generally more reliable than two-
equation models, but the RSM model needs a large 
memory and high processor time, and convergence 
is more diffi  cult. As an alternative, the realisable k-ε 
turbulence model closes the turbulent Navier-Stokes 
equations. Th e realisable k-ε model is a revised k-ε 
turbulence model. Compared to the standard k-ε 
turbulence model, the realisable k-ε model exhibits 
superior performance for fl ows involving boundary 
layers, fl ow separations and rotation under strong re-
verse pressure gradients. In another turbulent swirl-
ing fl ow study, turbulence models were compared 
using a steady fl ow analysis, and an SST (Shear Stress 
Transport) turbulence model was found to be closest 
to the experimental study.
Th e SST includes a collation function to add a cross-
diff usion term in the ω equation in the turbulence 
model and to ensure that model equations behave ap-
propriately in the near-wall and far area regions [4].
Th e SST turbulence model basically has the same 
defi nition as the k-ω model [4−6]:

∂
∂t    (ρk) + ∂

∂xi   
 (ρkui) = ∂

∂xj   
 �Γk ∂k

∂xj   � + Gk – Yk + Sk (3)

and
∂
∂t    (ρω) + ∂

∂xi   
 (ρωui) = 

= ∂
∂xj   

 �Γω ∂ω
∂xj   � + Gω – Yω + Dω + Sω (4)

where Gk represents the production of turbulence 
kinetic energy due to average velocity gradients. 
Gω represents the production of ω. Γk and Γω rep-
resent the eff ective diff usivity of k and ω. Yk and 
Yω represent the dissipation of k and ω owing to 
turbulence. Dω is the cross-diff usion term formu-
lised in equation 21. Sk and Sω are user-defi ned re-
source terms [4–11].
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1.2 Jet-ring (nozzle-ring) spinning system
Th is system is based on the placement of air nozzles 
used in the air-jet spinning system between the out-
put system of the conventional ring spinning system 
and the yarn guide system, called jet-ring or nozzle-
ring (Figure 1). Air is fed into the air nozzle used in 
the jet-ring system at a certain pressure value. Com-
pressed air leads to a rotating air vortex in the nozzle. 
Th e air vortex ensures that the fi bre ends that pro-
trude outward from the yarn body are wound up in 
the yarn body, thereby reducing yarn hairiness [12]. 
In addition to low yarn hairiness, fabrics made from 
the aforementioned yarns are smoother and more re-
sistant to pilling than the fabrics made from conven-
tional ring spun yarns [3]. Air nozzles thus provide 
improved yarn properties and long-term advantages 
due to the improvements in fabric performance.
Th e fi rst experiments with the jet-ring or nozzle-
ring spinning system were carried out towards the 
end of the 1990s by Wang et al. [3]. Recently, many 
researchers have been working on yarn properties, 
in particular on the improvement of yarn hairiness 
over the use of air nozzles in a conventional ring 
spinning system [2, 3, 11−16].

Figure 1: Application of an air nozzle on a jet-ring 
spinning system

2 Materials and methods
2.1 Conventional jet-ring air nozzle
Conventional jet-ring (nozzle-ring) systems have a 
similar construction to compact-jet systems [2, 12], 
while siro-jet [13, 14] spinning systems are com-
posed of three basic components as follows: com-
pressed air, nozzle and yarn. Compressed air with a 
certain value from the air compressor is transported 
to the level and passed through the thread. Th e noz-
zle assembly (Figure 2c) has a very simple structure 
and consists of a nozzle housing (Figure 2a) and 
nozzle body (Figure 2b). Th e nozzle body part has a 
circular cross-section consisting of the main hole 
(twisting chamber) (1), injectors (2), connecting 
screw for the nozzle housing (3) and the nozzle out-
let (4) (Figure 2b). Th e main hole extends from the 
nozzle entrance to the nozzle outlet. Th e injectors 
are positioned to be tangential to the twisting cham-
ber. Th e nozzle housing conveys the compressed air 
from the air compressor to the twisting chamber 
section of the device via the injectors.

Figure 2: Nozzle (a) housing, (b) body and (c) assembly

a)

b)

c)
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Flow volume is illustrated in Figure 3. As shown in 
Figure 3, the design parameters of the air nozzles 
are composed of twist chamber diameter (Dtc), in-
jector diameter (Di) and injector angle (θ). Th e con-
ventional jet-ring nozzle length is 27 mm, injector 
diameter is φ = 0.5 mm, injector quantity is 3 and 
twisting chamber diameter is φ = 3 mm. Th ose 
measurements were maintained for all samples.

Figure 3: 3D model drawing of a conventional nozzle 
fl ow volume with 3 injectors

2.2 Modular jet-ring air nozzle
In the event of any structural parameter change in 
the conventional jet-ring air nozzle, a nozzle specif-
ic to that parameter must be produced and the ex-
isting nozzle removed and reassembled. Th is leads 
to costs for new nozzle parts, additional labour and 
labour costs. In the light of these shortcomings, a 
design was developed in this study, in which the 
twist chamber diameter, injector diameter, injector 
angle and number of nozzle injectors can be option-
ally changed without the need of conventional man-
ufacturing methods. Angles can be adjusted for air 
nozzles with a high structural confi guration type, 
instead of producing diff erent nozzles. An air noz-
zle whose parts can be changed modularly and take 

on a new shape will make the spinning process 
much easier. Such a system consists of a modular air 
nozzle, a modular top and bottom twisting cham-
ber, a modular injector, a tangential adjustment 
bracket and a modular body (Figure 4).

2.3 Experimental setup
In the experimental study, conventional nozzles 
with the same structural confi gurations were pro-
duced to determine modular nozzle performance. 
Conventional nozzles were prepared for the same 
conditions as the modular nozzle, while the yarn 
production system was prepared simultaneously. 
Th e structural confi gurations of the developed mod-
ular nozzle were adjusted to result in a twist cham-
ber diameter φ = 3 mm and an injector diameter φ = 
0.5 mm, with three circumferential injectors. Th e 
only diff erence was the nozzle length. Since the 
modular jet-ring nozzle consisted of a mechanism, 
it had a length of 81 mm, i.e. three times the length 
of the conventional nozzle. According to the study 
by Guo et al., when other structural parameters of 
the nozzle are kept constant, the eff ects of injector 
position and nozzle length, respectively, on fl ow ve-
locities, the axial velocities near the injection loca-
tion and tangential velocities in all fl ow-regions do 
not change signifi cantly due to the same initial swirl 
intensity [1]. Because the nozzle length did not af-
fect the swirling fl ow, we concluded that the diff er-
ence in the length of conventional and modular noz-
zles would not pose a problem. Th e structural 
confi gurations of the developed modular nozzle 
were adjusted to result in a twist chamber diameter 
φ = 3 mm and an injector diameter φ = 0.5 mm, 

Figure 4: 3D model drawing of a modular jet-ring 
nozzle with 3 injectors

Figure 5: Jet-ring air nozzles mounted on convention-
al ring spinning machine

Compressed 
air inlet

 Fibre inlet

Injectors

Injector 
angle (°)

Injector dia-
meter (Dj)

Twisting chamber diameter (Dtc)

Fibre diameter φ = 0.1 mm (Df)

Fibre L 
= 

27
 m

m

Fibre outlet

Twisting 
chamber
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with three circumferential injectors. Th e structural 
parameters of the jet-ring nozzles and modular jet-
ring nozzle are shown in Table 1. Yarn production 
was performed on a Merlin SP43 conventional ring 
spinning machine made by the Pinter Group with a 
capacity of 16 spindles. Th e jet-ring air nozzles and 
modular jet-ring air nozzles mounted on the con-
ventional ring spinning machine are illustrated in 
Figure 5.

2.4 Yarn production
One-hundred percent cotton yarns were produced in 
this experiment. We produced cotton jet-ring yarns 
of 19.6 tex (Table 2). In all the yarn productions, im-
portance was given to working with the same spin-
ning parameters, e.g., the same twist multiplier, draft , 

spindle speed and traveller type (Table 3). In all jet-
ring yarn productions, air pressure was set at two dif-
ferent values: 75 kPa (gauge) and 125 kPa (gauge). Z-
twisted carded cotton yarns were produced on a 
conventional ring spinning machine with and with-
out nozzle placement. Th e false-twist air vortex direc-
tion of the jet-ring nozzles also resulted in a Z-twist.

2.5 Yarn tests
Yarn hairiness, irregularity and imperfections tests 
were carried out using an Uster Tester 3. Tensile 
properties (percentage of elongation and tenacity 
measured as cN/tex) tests were carried out using an 
Uster Tensorapid. Th e cops and bobbins of each 
system were fed in the same order to the testers. 
Yarn test details are given in Table 4. Th e tests were 
carried out under the same atmospheric conditions 

Table 1: Structural parameters of the conventional jet-ring nozzles and modular jet-ring nozzles

Nozzle type Nozzle name Twisting chamber 
diameter (mm)

Injector diameter 
(mm) 

No. of 
injectors

Injector 
angle (°)

Conventional

C1 3 0.5 3 20
C2 3 0.5 3 25
C3 3 0.5 3 30
C4 3 0.5 3 35
C5 3 0.5 3 40

Modular

M1 3 0.5 3 20
M2 3 0.5 3 25
M3 3 0.5 3 30
M4 3 0.5 3 35
M5 3 0.5 3 40

Table 2: Fibre properties

Fibre properties 19.6 tex (Ne 30)
Staple length (mm) 30.53
Micronaire 4.52
U.I. (uniformity index) 85.7
Strength (cN/tex) 34.5
Breaking elongation (%) 6.4
SFI (short fi bre index) 6.9
+b (yellowness) 7.9
Rd (refl ectance degree) 72.1
CG (colour grade) 41−2
SCI (spinning count index) 160

Table 3: Spinning particulars

Parameters 19.6 tex
Roving count (tex) 472
Twist (1/m) 830
αe 3.7
Mean spindle speed (rpm) 13.000
Take up speed (m/min) 15.7
Traveller type SFB 2.8 PM udr
Traveller ISO No. 31.5−50
Ring diameter (mm) 38
Draft /Break draft 1.181
Total draft 50.4
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(75 ± 5% RH and 25 ± 2 °C), and we conditioned 
samples for a minimum of seventy-two hours be-
fore the tests. All the tests were carried out on the 
same testers and test results were analysed statisti-
cally to determine any signifi cant diff erences.

2.6 CFD study
In this part of the study, which is the numerical analy-
sis section, an Ansys CFX 18.0 computational fl uid 
dynamics program was used for both conventional 
nozzle and modular nozzle confi gurations. In his 
study, Yilmaz noted that the number of elements of 
around 400,000, depending on the nozzle geometry, 
produced suffi  ciently accurate results [17]. Approxi-
mately 2,500,000 tetrahedral elements are used for any 
geometry (conventional and modular nozzle type) in 
the mesh prepared for a parametric study (the number 
of elements varies according to structural parame-
ters). Using an ICEM CFD mesher in the Ansys CFX 
18.0, the body of infl uence and the thin mesh of size 
0.07 mm element were assigned to the cylindrical 
control volume,.  For the twisting chamber boundary 
layer, the size of the element was assigned a face sizing 
of 0.1 mm. A detail view of the conventional nozzle 
mesh topology is given in Figure 6, while modular 
nozzle mesh topology is given in Figure 7. Aft er the 
parameters and mesh topology were determined, us-
ing the Ansys CFX 18.0 soft ware, the inlet boundary 
condition was defi ned as 225 kPa (absolute) total pres-
sure from the air inlet (injectors) (125 kPa gauge). Th e 
relative pressure value was defi ned as “0 kPa” by se-
lecting static pressure in the outlet boundary condi-
tion. Th e opening boundary condition was defi ned in 
the fi bre inlet opening and, similar to the outlet 

boundary condition, the relative pressure value was 
defi ned as “0 kPa”. Air at 25° was selected as fl uid and 
the reference pressure was defi ned as 100 kPa. All par-
ametric study confi gurations were solved separately 
using an SST turbulence model.

Figure 7: Modular nozzle mesh topology

3 Results and discussion
3.1 Yarn hairiness results
Th e eff ect of conventional jet-ring nozzles and mod-
ular jet-ring nozzles on yarn hairiness (H) is shown 
in Figure 8. According to the yarn hairiness graph, 
the yarn hairiness value in conventional jet-ring 
nozzles was measured at the lowest 35° injector an-
gle confi guration at both pressure values. Th e sec-
ond yarn hairiness value is followed by a 40° injector 

Table 4: Test particulars for each yarn sample

Yarn properties Test device Test length (m) Test number Total length (m)
Yarn irregularity and imperfections Uster Tester 3 400 1 400
Yarn hairiness Uster Tester 3 400 1 400
Tensile properties Uster Tensorapid 0.5 10 5

Figure 6: Conventional nozzle mesh topology
Figure 8: Comparison of conventional jet-ring nozzle 
and modular jet-ring nozzle yarn hairiness value
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angle structural confi guration. Th e worst yarn hairi-
ness value in conventional jet-ring nozzles was ob-
tained in the nozzle with a 20° injector angle confi g-
uration. Unlike conventional jet-ring nozzles, 
modular jet-ring nozzles achieved the best result 
when the yarn hairiness value was set to a 20° injec-
tor angle confi guration. Th e worst yarn hairiness val-
ue achieved by modular jet-ring nozzles was ob-
tained at a 35° injector angle confi guration, which 
gives the best value for conventional jet-ring nozzles. 
When the hairiness value is considered, convention-
al jet-ring nozzles and modular jet-ring nozzles form 
an antithesis relative to one another in terms of the 
injector angle structural parameter. Comparing con-
ventional jet-ring nozzles with modular jet-ring noz-
zles, it can be said that modular jet-ring nozzles are 
more successful in reducing hairiness. In modular 
and conventional nozzles with generally known 
structural confi gurations, an increase in pressure 
leads to an increase in yarn hairiness.

3.2 Yarn irregularity results
Th e eff ect of conventional jet-ring nozzles and modu-
lar jet-ring nozzles on yarn irregularity (% Cv m) is 
shown in Figure 9. An increase in pressure in conven-
tional jet-ring nozzles with the tested structural con-
fi gurations resulted in an increase in yarn irregularity. 
In modular jet-ring nozzles, an increase in pressure 
caused an increase in the yarn irregularity at the 20° 
and 35° injector angle values, while the other angle 

values showed an opposite decrease in yarn irregular-
ity. In general, it is understood that the yarn irregu-
larity values of the yarns produced in modular jet-
ring nozzles are higher than those produced with 
conventional jet-ring nozzles.

3.3 Yarn elongation results
Th e eff ect of conventional jet-ring nozzles and mod-
ular jet-ring nozzles on yarn elongation (%) is 
shown in Figure 10. In conventional jet-ring nozzles 
with the tested structural confi gurations, there is a 
signifi cant decrease in yarn elongation, except in 
the context of a pressure increase at the 40° injector 
angle. In modular jet-ring nozzles, an increase in 
pressure increased the yarn elongation value at the 
20° and 25° injector angle values and decreased at 
other injector angle values. In general, it is under-
stood that the yarn elongation values of the yarns 
produced using modular jet-ring nozzles are lower 
than those produced using conventional jet-ring 
nozzles.

Figure 10: Comparison of conventional jet-ring nozzle 
and modular jet-ring nozzle yarn elongation value

3.4 Yarn tenacity results
Th e eff ect of conventional jet-ring nozzles and modu-
lar jet-ring nozzles on yarn tenacity (cN/tex) is shown 
in Figure 11. Increasing the pressure value in con-
ventional jet-ring nozzles with the tested structural 
confi gurations showed a signifi cant decrease in the 
yarn tenacity value as well as yarn elongation, except 
when the nozzle was set at a 40° injector angle. In 

Figure 9: Comparison of conventional jet-ring nozzle 
and modular jet-ring nozzle yarn irregularity value
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modular jet-ring nozzles, an increase in pressure in-
creased yarn tenacity at 20°, 25° and 35° injector an-
gle values and decreased at other injector angle val-
ues. When the air pressure was set to 75 kPa, the yarn 
tenacity values were higher in the yarns produced in 
conventional jet-ring nozzles, and higher in the yarns 
produced in modular jet-ring nozzles when it was set 
to 125 kPa. It was understood that modular jet-ring 
nozzles are less aff ected by a change in pressure in 
terms of the yarn tenacity value. Th is result showed 
that higher air pressure values can be achieved by us-
ing modular jet-ring nozzles without yarn breakage.

Figure 11: Comparison of conventional jet-ring noz-
zle and modular jet-ring nozzle yarn tenacity value

3.5 CFD result comparison
A CFD parameter comparison of conventional noz-
zles in fi ve diff erent injector angle confi gurations is 
given in Table 5, while a CFD parameter comparison 
of modular nozzles is given in Table 6. Th e swirl 
number, total pressure, fl ow pressure, Reynolds 
number, velocity, velocity in z axis, vorticity (curl of 
velocity) and helicity real eigen values of convention-
al and modular nozzles given in Table 5 and Table 6 
are calculated in the plane where the injectors are 
opened to the twist chamber. Th e total pressure CFD 
result in the YZ plane of the fi ve diff erent conven-
tional nozzle confi gurations given in Table 5 is shown 
in Figure 12. Similarly, the velocity CFD result is 
shown in Figure 13, the z-axis velocity CFD result is 
shown in Figure 14, the vorticity CFD result is shown 
in Figure 15, and the helicity real eigen CFD result is 

shown in Figure 17. Also, vorticity fl ow trajectories 
are shown in Figure 16 and helicity real eigen fl ow 
trajectories are shown in Figure 18. Similarly, the to-
tal pressure CFD result in the YZ plane of the fi ve 
diff erent modular nozzle confi gurations given in Ta-
ble 6 is shown in Figure 19, while the velocity CFD 
result is shown in Figure 20, the z-axis velocity CFD 
result is shown in Figure 21, the vorticity CFD result 
is shown in Figure 22, and the helicity real eigen CFD 
result is shown in Figure 24. Also, vorticity fl ow tra-
jectories are shown in Figure 23 and helicity real ei-
gen fl ow trajectories are shown in Figure 25.

Figure 12: Conventional nozzle YZ plane total pres-
sure CFD result: a) colour scale, b) injector angle 20°, 
c) injector angle 25°, d) injector angle 30°, e) injector 
angle 35°, f) injector angle 40° 

Figure 13: Conventional nozzle YZ plane velocity 
CFD result: a) colour scale, b) injector angle 20°, c) 
injector angle 25°, d) injector angle 30°, e) injector 
angle 35°, f) injector angle 40°

Figure 14: Conventional nozzle YZ plane velocity w 
(z axis) CFD result: a) colour scale, b) injector angle 
20°, c) injector angle 25°, d) injector angle 30°, e) in-
jector angle 35°, f) injector angle 40° 
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Figure 15: Conventional nozzle YZ plane vorticity 
(velocity curl) CFD result: a) colour scale, b) injector 
angle 20°, c) injector angle 25°, d) injector angle 30°, 
e) injector angle 35°, f) injector angle 40°

Figure 16: Conventional nozzle YZ plane vorticity (ve-
locity curl) CFD result (fl ow trajectories): a) colour scale, 
b) injector angle 20°, c) injector angle 25°, d) injector an-
gle 30°, e) injector angle 35°, f) injector angle 40°

Figure 17: Conventional nozzle YZ plane helicity real 
eigen CFD result: a) colour scale, b) injector angle 
20°, c) injector angle 25°, d) injector angle 30°, e) in-
jector angle 35°, f) injector angle 40°

Figure 18: Conventional nozzle YZ plane helicity real 
eigen CFD result (fl ow trajectories): a) colour scale, 
b) injector angle 20°, c) injector angle 25°, d) injector 
angle 30°, e) injector angle 35°, f) injector angle 40°

Figure 19: Modular nozzle YZ plane total pressure 
CFD result: a) colour scale, b) injector angle 20°, c) 
injector angle 25°, d) injector angle 30°, e) injector 
angle 35°, f) injector angle 40°

 

Figure 20: Modular nozzle YZ plane velocity CFD re-
sult: a) colour scale, b) injector angle 20°, c) injector 
angle 25°, d) injector angle 30°, e) injector angle 35°, 
f) injector angle 40°



89

Tekstilec, 2020, 63(2), 80-93

Modular Jet-Ring Yarn Spinning System

Figure 21: Modular nozzle YZ plane velocity w (z 
axis) CFD result: a) colour scale, b) injector angle 
20°, c) injector angle 25°, d) injector angle 30°, e) in-
jector angle 35°, f) injector angle 40°

Figure 22: Modular nozzle YZ plane vorticity (veloc-
ity curl) CFD result: a) colour scale, b) injector angle 
20°, c) injector angle 25°, d) injector angle 30°, e) in-
jector angle 35°, f) injector angle 40°

Figure 23: Modular nozzle YZ plane vorticity (veloci-
ty curl) CFD result: (fl ow trajectories) a) colour scale, 
b) injector angle 20°, c) injector angle 25°, d) injector 
angle 30°, e) injector angle 35°, f) injector angle 40°

Figure 24: Modular nozzle YZ plane helicity real ei-
gen CFD result: a) colour scale, b) injector angle 20°, 
c) injector angle 25°, d) injector angle 30°, e) injector 
angle 35°, f) injector angle 40°
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Figure 25: Modular nozzle YZ plane helicity real ei-
gen CFD result (fl ow trajectories): a) colour scale, b) 
injector angle 20°, c) injector angle 25°, d) injector 
angle 30°, e) injector angle 35°, f) injector angle 40°

Considering injector air inlet mass fl ow values, the 
modular nozzles with the same structural confi gura-
tions and analysed at the same pressure (225 kPa ab-
solute) consumed an average of 11.5% more air than 
conventional nozzles. Considering fi bre inlet mass 
fl ow values, an average suction in the fi bre inlet open-
ing of 0.77 times (minimum 0.65 – maximum 0.88) 

the injector air inlet mass fl ow value was achieved 
from the fi bre inlets of conventional nozzles. In mod-
ular nozzles, this coeffi  cient was -0.05. In other 
words, in modular nozzles of the same structural 
confi gurations, air cannot be sucked in from the fi bre 
inlet. Conversely, air is released the outside from this 
opening.
According to the principle of mass conservation, the 
mass fl ow rates of the fi ber and the air outlet are the 
diff erence between the mass fl ow of air from the in-
jectors and the mass absorbed from the fi bers, if any, 
or the amount of air ejected from the fi ber inlet.
In the conventional nozzle fi ber inlet mass fl ow val-
ue is positive. In other words, air is discharged 
through this opening. In the modular nozzle, fi ber 
inlet mass fl ow value is a negative. In this case, we 
understand that there is air suction from the envi-
ronment to the twisting chamber.
Th e air fl ow velocity value of the modular nozzle 
confi gurations and the velocity-dependent z-axis 
velocity, Reynolds number, vorticity and helical real 
eigen values were approximately one third of that of 
conventional nozzles. Although the swirl numbers 
(Sn) of the modular nozzle confi gurations given in 
Table 6 are lower than the conventional nozzles, the 
geometric swirl numbers (Sg) are relatively high 
compared to the conventional nozzles (Table 5).
According to the calculations made in the plane in 
which the injectors are opened to the twisting cham-
ber in the comparative structural confi gurations, the 
total pressure values of conventional nozzles are 

Table 5: CFD analysis results of conventional nozzles with twisting chamber diameter φ = 3 mm, injector di-
ameter φ = 0.5 mm and three circumferential injectors (225 kPa absolute)

Injector angle (degree) 20 25 30 35 40
Injector air inlet mass fl ow rate (kg/s) 0.000336 0.000343 0.000349 0.000358 0.000376
Fibre inlet mass fl ow rate (kg/s) 0.000217 0.000241 0.000267 0.000301 0.000332
Fibre and air outlet mass fl ow rate (kg/s) –0.000553 –0.000584 –0.000616 –0.000659 –0.000708
Swirl number (Sn) 3.38 3.175 2.908 2.626 2.308
Geometric swirl number (Sg) 4.166 3.746 3.333 2.903 2.597
Total pressure (Pa) 44161 42443 41943 41793 41972
Flow pressure (Pa) 6375 7625 8576 9075 9399
Reynolds number (Re) 39820 39047 39543 40456 41238
Velocity (m/s) 202.9 201.1 203.7 208.4 212.4
Velocity w (fi bre axis) (m/s) 64.7 68.6 72.5 77.6 84.4
Vorticity 708257 687890 675408 675006 682107
Helicity real eigen 599981 574558 541261 537100 522006
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above 40 kPa, while the total pressure value in mod-
ular nozzles is just below or just above 0 kPa. Simi-
larly, the fl ow pressure value of conventional nozzles 
is above 6 kPa, while the fl ow pressure value of mod-
ular nozzles is below 0 kPa.
According to the graphical comparison of yarn hair-
iness of the modular nozzles and conventional noz-
zles in Figure 8, modular nozzles with a pressure of 
125 kPa (225 kPa absolute) demonstrated the lowest 
yarn hairiness at injector angle confi gurations of 
20°, 40°, 25° , 30° and 35°. According to the modu-
lar nozzle YZ plane vorticity CFD result in Figure 
22, the order of vorticity from highest value to low-
est value is seen at injector angle confi gurations of 
20°, 25°, 30°, 35° and 40°. If the measurement at 40° 
in Figure 8 is not taken into account, the increase in 
the amount of vorticity resulted in a decrease in 
yarn hairiness. A similar situation was seen in the 
helicity real eigen CFD results in the YZ plane (Fig-
ure 24).
According to the graphical comparison of yarn hair-
iness of the modular nozzles and conventional noz-
zles in Figure 8, conventional nozzles with a pressure 
of 125 kPa (gauge) demonstrated the lowest yarn 
hairiness at injector angle confi gurations of 20°, 40°, 
25° , 30° and 35°. According to the modular nozzle 
YZ plane vorticity CFD result in Figure 15, the order 
of vorticity from highest value to lowest value is seen 
at injector angle confi gurations 40°, 35°, 30°, 25° and 
20°. A similar situation was seen in the helicity real 
eigen CFD results in the YZ plane (Figure 17). 

3.6 CFD verifi cation
Th e CFD validation process was addressed and vali-
dated in a study similar to this one [11].

4 Conclusion and outlook

Comparing conventional jet-ring nozzles with • 
modular jet-ring nozzles in terms of yarn hairi-
ness value, modular jet-ring nozzles proved to be 
more successful in reducing yarn hairiness val-
ues. Th e main objective of jet-ring nozzles is to 
reduce yarn hairiness values.
When hairiness values are considered, convention-• 
al jet-ring nozzles and modular jet-ring nozzles 
form an antithesis relative to one another in terms 
of the injector angle structural parameter. In the 
20° injector angle structural confi guration, conven-
tional jet-ring nozzles gave the best yarn hairiness 
values, while modular jet-ring nozzles gave the 
worst yarn hairiness values. In the 35° injector an-
gle structural confi guration, hairiness values were 
reversed. In other words, modular and convention-
al nozzles formed an antithesis with respect to one 
another in terms of yarn hairiness values according 
to their injector angle structural confi gurations.
In modular and conventional nozzles with gener-• 
ally known structural confi gurations, an increase 
in pressure led to an increase in yarn hairiness.
It is generally understood that the irregularity • 
values of yarns produced using modular jet-ring 

Table 6: CFD analysis results of modular nozzle’s with twisting chamber diameter φ = 3 mm, injector diameter 
φ = 0.5 mm and three circumferential injectors (225 kPa absolute)

Injector angle (°) 20 25 30 35 40
Injector air inlet mass fl ow rate (kg/s) 0.000375 0.000394 0.000397 0.000397 0.000399
Fibre inlet mass fl ow rate (kg/s) –0.000049 –0.000018 –0.000011 –0.000024 0.000010
Fibre and air outlet mass fl ow rate (kg/s) –0.000326 –0.000375 –0.000386 –0.000374 –0.000410
Swirl number (Sn) 0.433 0.395 0.306 0.343 0.348
Geometric swirl number (Sg) 14.92 11.968 10.972 11.114 8.71
Total pressure (Pa) –493 1026 –428 –650 143
Flow pressure (Pa) –1036 72 –1934 –2539 –1390
Reynolds number (Re) 12552 14671 9359 11246 9666
Velocity (m/s) 64.6 75.6 48.2 57.9 49.8
Velocity w (fi bre axis) (m/s) 14.2 10.1 21 16.6 24.2
Vorticity 225448 223036 197273 233608 230605
Helicity real eigen 172484 156333 138241 171569 171734
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nozzles are higher than those produced using 
conventional jet-ring nozzles.
It is generally understood that the elongation val-• 
ues of the yarns produced using modular jet-ring 
nozzles are lower than those produced using con-
ventional jet-ring nozzles.
When the air pressure was set to 75 kPa (gauge), • 
yarn tenacity values were higher in the yarns pro-
duced using conventional jet-ring nozzles, and 
higher in the yarns produced in modular jet-ring 
nozzle when it was set to 125 kPa (gauge).
Comparing the fl ow parameters of yarn hairiness • 
(CFD analysis), it was found that increasing vor-
ticity or helicity real eigen values reduced yarn 
hairiness. Yarn hairiness can be minimised if 
both conventional nozzles and modular nozzles 
concentrate on structural confi gurations that can 
maximise vorticity or helicity real eigen values to 
reduce yarn hairiness.
According to the structural confi gurations that • 
maximise vorticity or helicity real eigen values in 
conventional nozzles, the twisting chamber di-
ameter should be at the lowest value (φ  = 2 mm).
No signifi cant correlation was found between • 
other structural parameters and vorticity or heli-
cal real eigen values in conventional nozzles. 
However, in conventional nozzles, vorticity or 
helical real eigen values were high in the 35−40° 
injector angle confi gurations.
In modular nozzles, on the contrary, vorticity or • 
helical real eigen values were high in the 20−25° 
injector angle confi gurations and low in the 
35−40° injector angle confi gurations.
It is precisely for this reason that the yarn produ-• 
ced using modular nozzles demonstrated a low 
hairiness value when a low injector angle was set 
and a high hairiness value when a high injector an-
gle was set, which can be explained logically when 
comparing vorticity or helicity real eigen values.
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