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Abstract
In the textile industry, air-jet nozzles known as Jetring, Nozzlering, Compact-jet and Siro-jet are used for the final spinning 
of the yarn. The air flow, which determines the yarn quality and other yarn properties, depends on the flow parameters 
such as pressure, mass flow rate, and the structural parameters of the air jet nozzle which acting on the flow parameters. 
In this study, SST turbulence model was selected and 225 kPa (absolute) total pressure was applied to the nozzle injec-
tors. Approximately 2,500,000 tetrahedral elements are used for any geometry in the mesh prepared for parametric 
study. All parameters solved in ANSYS CFX 18.0 with used parametric study. The structural parameters were subjected to 
parametric CFD analysis and different flow parameters such as mass flow, swirling number, geometric swirling number, 
Reynolds number, vorticity, helicity real eigen, velocity, velocity w (z-axis velocity, i.e. twisting chamber axis), total pres-
sure, flow pressure were compared.

Keywords  Swirling airflow · Air nozzle · Swirling number · CFD · SST · Helicity real eigen

1  Introduction

There are swirling flows in many areas of our lives and 
engineering. “Swirling flow” [1] is defined as the rotating 
helical flow. For example, in nature events: tornadoes, 
hurricanes, water vents, etc. many events can be shown. 
However, in the field of engineering, cyclone separators 
and jet engines, as well as swirling flows in many areas are 
encountered. In combustion systems such as gas turbine 
engines, diesel engines, industrial burners and boilers, 
helical rotating flows are used to improve and control the 
mixing ratio between fuel and oxygen streams to achieve 
flame geometries and heat release rates appropriate to 
particular process applications [2]. An important feature 
of rotating flows has been proposed by Ranque Hilsch [3]. 
He discovered the ability of vortex tubes to separate com-
pressed air into the hot and cold air streams located near 

the periphery of the periphery of the tube. The Ranque-
Hilsch vortex tube has been used in a number of engi-
neering applications using this flow behavior, such as 
separation of different molecular weight gases, cooling 
arrangement, cyclone separation, gas turbine cyclone, 
combustion chamber and spray driers [4]. An example of 
the swirling flows is the air-jet nozzles used in the textile 
industry on spinning machines. Swirling air flow is pro-
duced in air nozzle depending on nozzle geometry and 
compressed air [5, 6]. The helical rotating flow in turbulent 
jets results in an increase in jet growth, drift speed and 
decay rate of the jet. These effects also increase when heli-
cal rotation density increases [4]. Swirling flows depend on 
different parameters. Most of these parameters were for-
mulated and found as a result of studies. The most impor-
tant of these is the Number of Swirling (Sn). The integral 
definition of the swirling number is expressed as the ratio 
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of the axial flux of the angular momentum to the axial 
momentum flux and radius multiplication [1, 7, 8].

where R twisting chamber radius, uz axial velocity com-
ponent, u� tangential velocity component, r and � radial 
and angular coordinates taken according to the main 
hole (twisting chamber) center. Since these values cannot 
be known in advance, a geometric swirling number (Sg) 
can also be defined based on the ratio of mass flows in 
the twisting chamber and in the entrance cross-sectional 
areas. These values can also be defined in a geometric 
swirling number (Sg) based on the ratio of mass flows in 
the twisting chamber and in the air inlet entrance (injec-
tors) cross-sectional areas as it is not previously known 
before the CFD (computational fluid dynamics) analysis 
or experimental studies are performed [1, 9, 10].

where mt and mT  mass flow in the injectors (total) and 
in the test section (twisting chamber). According to 
Eq. 2, geometric swirling number (i.e. the swirl density) 
is dependent on the diameter of the twist chamber Dtc , 
injector diameter d , injector angle � , and the number of 
injectors N [1, 10].

The calculation of the turbulent helical rotating flow by 
computational fluid dynamics is the determining factor 
for the appropriate turbulence model. The swirling num-
ber is a decisive factor for the turbulence model of turbu-
lent helical rotating flow in the analysis of computational 
fluid dynamics. Chen et al. [11] reported that, determined 
a weak swirling flow at swirling number of 0.03, moder-
ate swirling flow at swirling number of 0.26, highly swirl-
ing flow at swirling number of 0.8. Parra-Santos et al. [12] 
reported that, determined a weak swirling flow at swirling 
number of 0.2, moderate swirling flow at swirling number 
of 0.7, highly swirling flow at swirling number of 1.2. In 
literature, it is suggested that if the number of swirling is 
less than 0.5 there is a weak or medium swirling flow, it can 
be sufficient flow analysis and the k-ε turbulence model 
can be used (with realizable k–ε, RNG k–ε selections). If the 
swirling number is greater than 0.5, it is emphasized that it 
has high swirling flow and Reynolds Stress Models should 
be preferred [13]. Guo [8] reported that the Reynolds 
Stress Model (RSM) is generally more reliable than two-
equation models, but the RSM model needs large memory 
and processor time, and convergence is more difficult. As 
an alternative, the realizable k–ε turbulence model closes 
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the turbulent Navier–Stokes equations. The realizable k–ε 
model is a revised k–ε turbulence model. Compared to the 
standard k–ε turbulence model, the realizable k–ε model 
exhibits superior performance for flows involving bound-
ary layers, flow separations, and rotation under strong 
reverse pressure gradients. In another turbulent swirl-
ing flow study, turbulence models were compared under 
steady flow analysis and SST (Shear Stress Transport) tur-
bulence model was found to be closest to experimental 
study. According to study, The SST model provides the 
transition between the potential flow and the boundary 
layer flow in a suitable way thanks to the first blending 
function, In the second blending function, it is seen that 
both the sensitivity to the flow under the reverse pressure 
and the accuracy of the result in the regions where flow 
separations are present, and it has been found to be suc-
cessful in modeling the existing turbulence in the problem 
[14].

1.1 � Used CFD turbulence model

The two-equation turbulence models are widely used 
because of a good balance between numerical effort and 
calculation accuracy. Two equation models are more com-
plex than zero equation models [15]. Velocity and length 
scales are solved using separate transport equations. 
Therefore, it is called the two equation model.

In two equation models for example k–ω, k–ε, realizable 
k–ε, RNG k–ε, etc., the turbulence rate scale is calculated 
according to the turbulence kinetic energies resulting from 
the dissolution of transport equations. The turbulence 
length scale is generally estimated by turbulence kinetic 
energy and diffusion rate, which are two characteristics of 
the turbulent area. The turbulence kinetic energy diffusion 
ratio provides the solution of the transport equation.

There are also models of turbulence that combine the 
advantageous aspects of two equation models such as 
baseline (BSL) and shear stress transport (SST). The BSL 
model combines the advantageous parts of the Wilcox 
k–ω [16] and k–ε models. But it still fails to estimate the 
beginning and amount of separation of flow on smooth 
surfaces. This lack of reasons are given in detail by Menter 
[17]. The main reason for the low sensitivity of the results 
is that it cannot solve the turbulent shear stress transport 
model. These results are estimated from the eddy viscosity 
that has been achieved. The k–ω based SST model, as in 
the BSL model, combines the advantageous parts of the 
k–ω and k–ε models, giving very accurate predictions in 
the flow states that are separated under the reverse pres-
sure gradients from the start of the flow [14].

The SST includes a collation function to add a cross-dif-
fusion term in the ω equation in the turbulence model and 
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to ensure that the model equations behave appropriately in 
both the near-wall and far area regions [18].

1.1.1 � SST turbulence model transport equations

SST turbulence model basically has the same definition as 
k–ω model [18–21]:

and

where Gk is the production of turbulence kinetic energy 
because of average velocity gradients. Gω is the produc-
tion of ω. Γk and Γω is the effective diffusivity of k and ω. Yk 
and Yω is the dissipation of k and ω owing to turbulence. 
Dω is the cross diffusion term formulized in Eq. 21. Sk and 
Sω are user-defined resource terms [18–26].

1.1.2 � Effective diffusivity model

SST k–ω model effective diffusivities are given by [18, 20, 27]:

where σk and σω are the turbulent Prandtl numbers for k 
and ω. The turbulent viscosity, µt, is calculated as follows 
[18, 20]:

where

Because of low Reynolds number correction, α* damps 
the turbulent viscosity α* computed as follows [18]:
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For the high Reynolds number form of the k–ω model, 
a∗ = a∗

∞
 = 1. Ωij is the average rate of rotation tensor and 

the blending functions, F1 and F2, are given by [18, 22, 23]:

where D+
�

 is the positive parts of the cross-diffusion term 
and y is the distance to the next face. SST model is based 
on both the standard k–ω model and the standard k–ε 
model. Blends these two turbulence model together, the 
standard k–ε model has been transformed into equations 
based on k and ω, which leads to the intake of a cross-
diffusion term (Dω in Eq. 4). Dω is defined as [18–20, 22, 
23, 28, 29]:

1.1.3 � Model constants
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All the other model constants ( �∗
∞
, �∞, �0, �

∗
∞
, R� , Rk , R�, �

∗ 
and Mt0 ) have the equal values as the standard k-ω model 
[18].

2 � Computational method

The first design for the idea of obtaining fibers by collect-
ing and twisting fibers using a rotating fluid was devel-
oped by Götzfried [30]. Götzfried [30] and then Pacholski 
et al. [31, 32] showed that the air jets entering the tangen-
tially into the nozzle hole caused the vortex in the noz-
zle and could be twisted to the yarn passing through the 
center of the rotating air stream at high speeds [33]. In 
recent years, the development of modified spinning sys-
tems with the addition of air nozzles to various spinning 
systems and research on the effect of these systems on 
yarn properties are being studied. These systems, which 
are developed depending on the spinning system where 
air is used, are named with Jetring, NozzleRing, Compact-
jet [5, 34] and Siro-jet [5, 33, 35–37]. Figure 1 shows an air 
jet nozzle mounted on the Siro-jetsystem. An air jet nozzle 
mounted on the Siro-jetsystem is shown in Fig. 1.

Yilmaz [36] Evaluates the effect of pseudo-twist on the 
yarn properties of compressed air fed into the air ring in 
the conventional ring spinning system. In order to deter-
mine the performance of the core, the yarns produced in 
the Ne 30/1 yarn number can represent the linear density. 
In this study, the air nozzle in the conventional ring spin-
ning systems produced using yarns Similarly to literature 
“Jetring yarn” was called.

Jetring, Compact-jet and Siro-jet spinning systems con-
sist of three basic components: compressed air, nozzle and 
yarn. Compressed air with a certain value from the com-
pressor is transported to the level and passed through the 
thread. The nozzle has a very simple structure and consists 
of a nozzle housing and nozzle body (Fig. 2). The 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 outlet (4) 
(Fig. 2b). The main hole extends from the nozzle entrance 
to the nozzle outlet. The injectors are positioned so as to 
be tangential to the twisting chamber. The nozzle housing 
conveys the compressed air from the compressor to the 
twisting chamber section of the device via the injectors 
[35, 36].

(26)a1 = 0.31

(27)�i,1 = 0.075

(28)�i,2 = 0.0828

Yilmaz [36] was determined that there was not a sin-
gle type of flat hair with the lowest hairiness values. It has 
been determined that the rate of improvement in hairi-
ness values has changed depending on the structural 
parameters and air pressure value. However, it was found 
that the different yarn types were effective on other yarn 
properties which determine the yarn quality as well as 
yarn hairiness.

2.1 � Parametric study

Nozzle geometry for parametric study the flow volume 
with the Ansys Design Modeller 18.0 program drawed as 
parameter dependent. The representation of the drawing 
of flow volume, parameters and boundary conditions are 
given in Fig. 3. According to these ranges mentioned in 
Table 1; 5 different auxiliary hole angle × 3 different main 
hole diameter × 5 different auxiliary hole diameter × 2 
different environmental auxiliary hole number = total 150 
different geometry modelled.  

A parametric working table (Table 1) was created on 
Ansys Workbench 18.0 by selecting the desired measure-
ments. According to Table 1, 150 different geometry con-
figurations according to the 3 injectors 75 and 4 injectors 
75 divided into 2 groups. ANSYS Workbench 18.0 paramet-
ric working table created by defining 225 kPa pressure of 
75 different geometries of 3 injectors is given in Table 2.

Fig. 1   Application of an air nozzle on the sirospun spinning system 
(siro-jet)
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Approximately 2,500,000 tetrahedral elements are used 
for any geometry in the mesh prepared for parametric 
study (Number of elements varies according to structural 
parameters). With the ICEM CFD mesher in ANSYS CFX 
18.0, the body of influence and the a thin mesh of size 
0.07 mm element were assigned to the cylindrical control 
volume which is 1 mm before and 2 mm after the distance 
the injectors are opened to the twisting chamber. For the 
twisting room boundary layer, the size of the element is 

0.1 mm face sizing was assigned. The detail view of the 
mesh topology is given in Fig. 4.

After the parameters and mesh topology are deter-
mined, in ANSYS CFX 18.0 software as shown in Fig. 3, 
the inlet boundary condition is defined as 225 kPa total 
pressure from the air inlet. The relative pressure value is 
defined as “0” by selecting static pressure in the outlet 
boundary condition. Opening boundary condition defined 
in fiber inlet boundary condition and as in outlet boundary 
condition the relative pressure value is defined as “0”. Air 
at 25° is selected as fluid and reference pressure defined 
as 101,325 kPa. All parametric study configurations were 
solved separately using the SST turbulence model.

2.2 � CFD verification

CFD Verification is based on mass flow measurement and 
comparison. The mass flow rate measurements of the air 
inlets which have been fed to the nozzle injectors and 
the air outlets which leaving the nozzle bending cham-
ber were carried out by Alicat Scientific Brand M series 
mass flow meters (Fig. 5). Gas mass flow meters from Ali-
cat are highly flexible instruments that can be used with 
many gases across a very wide range. Measure mass flow, 
volumetric flow, pressure and temperature in a compact 
device. The M series is suitable for most flow measurement 
applications, with models that can measure flow rates as 
high as 0.083 m3/s or as low as 4.16 × 10−8 kg/s. Alicat 
mass flow meter accuracy is 0.8% of the reading (0.4% 
optional) + 0.2% full-scale repeatability. CFD validation 
was performed by means of air inlet and outlet mass flow 
measurements with an experimental study and compared 
with CFD results. Air inlet comparison data are given in 
Fig. 7 and outlet comparison data are given in Fig. 9.

3 � Results and discussion

As shown in Fig. 3, the nozzle of 27 mm length is divided 
into planes with 1 mm spacing along the z axis (twisting 
chamber axis). The place where the injectors are con-
nected to the twisting chamber of the nozzle is 4 mm 
ahead of the fiber inlet. The representation of the defined 
plans on the nozzle is shown in Fig. 6.

3.1 � Comparison of mass flow

According to the mass flow graph of the air inlet in Fig. 7, 
when the number of circular injectors, injector diameter, 
injector angle and twisting chamber diameter values 
increases, the air inlet mass flow enters into the nozzle 
also increases. The highest structural configuration of the 

Fig. 2   Nozzle housing (a), nozzle body (b) and nozzle assembly (c)
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air inlet upstream mass flow rate is given in Table 3, while 
the lowest 5 structural configurations are given in Table 4.

According to the fiber inlet mass flow graph given in 
Fig. 8, the negative flow rate of some nozzle configurations 
means that the amount of air exiting is more dominant 
than the intake on the fiber inlet boundary layer. It is desir-
able to have only air intake from the fiber inlet opening 
to give a smooth twist to the fiber where placed in the 
middle of this swirling nozzle. Having an air outlet out of 
the fiber inlet opening disrupts the flow of an optimum 
swirling and thus adversely affects the twist of the fibers 
on the fiber. Exiting the air out of the fiber inlet bound-
ary layer an optimum swirling disrupts the flow and thus 
adversely affects the twist of the fibers on the fiber. In this 
case, it is thought that it will affect the yarn quality (hairi-
ness, strength, yarn smoothness etc.) negatively.

As seen in Fig. 8, in most of the configurations where 
the diameter of the twisting chamber is Ø2 mm (DP 1–DP 
25), it is understood from the graph an outward air out-
let occurs from the fiber inlet boundary layer. According 
to this case is not recommended to use Ø2 mm twisting 
chamber diameter nozzle. According to the mass flow 
graph of the air inlet in Fig. 8, when the injector diame-
ter values increases, the fiber inlet mass flow rate enters 

into the nozzle decreases. On the contrary the increase 
in the twisting chamber diameter and the injector angle 
increases the fiber inlet mass flow rate enters into the noz-
zle. In the same structural configuration, the number of 
circular injectors has no significant effect on the fiber inlet 
mass flow rate of the change. The structural configuration 
of 5 different nozzles with the highest value of the fiber 
inlet mass flow rate is given in Table 5, while the 5 lowest 
nozzle structural configurations are given in Table 6.

According to the outlet mass flow graph given in Fig. 9, 
the reason for the negative value of the mass flow rate is 
that the air outlet direction is from the nozzle to the out-
side environment. As can be seen from the graph in Fig. 9, 
the increase of the injector diameter reduces the mass 
flow, and the increase in the twisting chamber diameter 
and the injector angle increases the outlet boundary layer 
mass flow (in the negative direction). In the same struc-
tural configuration, the number of circular injectors has no 
significant effect on the outlet boundary layer mass flow 
of the change. The structural configuration of 5 different 
nozzles with the highest value (in the negative direction) 
of the outlet inlet mass flow rate is given in Table 7, while 
the 5 lowest nozzle structural configurations are given in 
Table 8.

3.2 � Comparison of swirling number and geometric 
swirling number

According to the number of geometric swirling number 
(Sg) graph given in Fig. 10, when the injector diameter, 
number of circular injectors and injector angle values 
increases, the geometric swirling number value decreases. 
On the contrary the increase in the twisting chamber 
diameter increases geometric swirling number value. The 

Fig. 3   3D model draw of a 
nozzle flow volume with 3 
injectors

Table 1   Parametric study review interval

Parameter Value range Range to be examined

Injector angle (°) 0–90 20–25–30–35–40
Main hole (twisting cham-

ber) diameter (mm)
2.0–3.0 2–2, 5–3

Injector hole diameter (mm) 0.5–1.0 0.5–0.6–0.7–0.8–0.9
Number of injectors (−) 3–4 3–4
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Table 2   Parametric study plan Name Main hole 
diameter

Fiber diameter Injector 
diameter

Injector angle Total pressure

Units mm mm mm degree (°) kPa

DP 1 (current) 2 0.1 0.5 20 225
DP 2 2 0.1 0.5 25 225
DP 3 2 0.1 0.5 30 225
DP 4 2 0.1 0.5 35 225
DP 5 2 0.1 0.5 40 225
DP 6 2 0.1 0.6 20 225
DP 7 2 0.1 0.6 25 225
DP 8 2 0.1 0.6 30 225
DP 9 2 0.1 0.6 35 225
DP 10 2 0.1 0.6 40 225
DP 11 2 0.1 0.7 20 225
DP 12 2 0.1 0.7 25 225
DP 13 2 0.1 0.7 30 225
DP 14 2 0.1 0.7 35 225
DP 15 2 0.1 0.7 40 225
DP 16 2 0.1 0.8 20 225
DP 17 2 0.1 0.8 25 225
DP 18 2 0.1 0.8 30 225
DP 19 2 0.1 0.8 35 225
DP 20 2 0.1 0.8 40 225
DP 21 2 0.1 0.9 20 225
DP 22 2 0.1 0.9 25 225
DP 23 2 0.1 0.9 30 225
DP 24 2 0.1 0.9 35 225
DP 25 2 0.1 0.9 40 225
DP 26 2.5 0.1 0.5 20 225
DP 27 2.5 0.1 0.5 25 225
DP 28 2.5 0.1 0.5 30 225
DP 29 2.5 0.1 0.5 35 225
DP 30 2.5 0.1 0.5 40 225
DP 31 2.5 0.1 0.6 20 225
DP 32 2.5 0.1 0.6 25 225
DP 33 2.5 0.1 0.6 30 225
DP 34 2.5 0.1 0.6 35 225
DP 35 2.5 0.1 0.6 40 225
DP 36 2.5 0.1 0.7 20 225
DP 37 2.5 0.1 0.7 25 225
DP 38 2.5 0.1 0.7 30 225
DP 39 2.5 0.1 0.7 35 225
DP 40 2.5 0.1 0.7 40 225
DP 41 2.5 0.1 0.8 20 225
DP 42 2.5 0.1 0.8 25 225
DP 43 2.5 0.1 0.8 30 225
DP 44 2.5 0.1 0.8 35 225
DP 45 2.5 0.1 0.8 40 225
DP 46 2.5 0.1 0.9 20 225
DP 47 2.5 0.1 0.9 25 225
DP 48 2.5 0.1 0.9 30 225
DP 49 2.5 0.1 0.9 35 225
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structural configuration of 5 different nozzles with the 
highest value the geometric swirling number is given in 
Table 9, while the 5 lowest nozzle structural configurations 
are given in Table 10. According to the studies in the litera-
ture [11–13] all of the parametric studies performed in this 
study are accepted as highly swirl.

According to the geometric swirling number (Sn) graph 
in Fig. 11, when the injector diameter, number of circular 

injectors and injector angle values increases, the swirling 
number value decreases. On the contrary the increase in 
the twisting chamber diameter increases swirling number 
value.

Although the number of geometric swirling 
increases as the injector angle increases, according to 

Table 2   (continued) Name Main hole 
diameter

Fiber diameter Injector 
diameter

Injector angle Total pressure

Units mm mm mm degree (°) kPa

DP 50 2.5 0.1 0.9 40 225
DP 51 3 0.1 0.5 20 225
DP 52 3 0.1 0.5 25 225
DP 53 3 0.1 0.5 30 225
DP 54 3 0.1 0.5 35 225
DP 55 3 0.1 0.5 40 225
DP 56 3 0.1 0.6 20 225
DP 57 3 0.1 0.6 25 225
DP 58 3 0.1 0.6 30 225
DP 59 3 0.1 0.6 35 225
DP 60 3 0.1 0.6 40 225
DP 61 3 0.1 0.7 20 225
DP 62 3 0.1 0.7 25 225
DP 63 3 0.1 0.7 30 225
DP 64 3 0.1 0.7 35 225
DP 65 3 0.1 0.7 40 225
DP 66 3 0.1 0.8 20 225
DP 67 3 0.1 0.8 25 225
DP 68 3 0.1 0.8 30 225
DP 69 3 0.1 0.8 35 225
DP 70 3 0.1 0.8 40 225
DP 71 3 0.1 0.9 20 225
DP 72 3 0.1 0.9 25 225
DP 73 3 0.1 0.9 30 225
DP 74 3 0.1 0.9 35 225
DP 75 3 0.1 0.9 40 225

Fig. 4   Mesh detail of a nozzle with 3 injectors generated with 
ANSYS ICEM CFD mesher

Fig. 5   Measuring with Alicat Scientific Brand M series mass flow 
meter
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Fig. 6   View of the reference 
plane of a nozzle with 3 injec-
tors
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Fig. 7   Air inlet mass flow comparison chart

Table 3   The highest 5 nozzle configuration for air inlet mass flow rate according to the CFD results under 225 kPa air pressure

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Mass flow rate (kg/s)

4 Inj. DP 75 3 0.9 4 40 225,000 0.001230
4 Inj. DP 50 2.5 0.9 4 40 225,000 0.001182
3 Inj. DP 75 3 0.9 3 40 225,000 0.001160
4 Inj. DP 74 3 0.9 4 35 225,000 0.001141
4 Inj. DP 49 2.5 0.9 4 35 225,000 0.001130
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the geometric swirling number formula (Eq. 2), but the 
reason for the decrease in the graph shown in Fig. 11 is 
based on the angle to the vertical instead of the hori-
zontal angle as the injector angle (Fig. 3). But still, the 

geometric swirling number was calculated by taking into 
account the horizontal angle as in the literature [1]. The 
structural configuration of 5 different nozzles with the 
highest value the swirling number is given in Table 11, 

Table 4   The lowest 5 nozzle configuration for air inlet mass flow rate according to the CFD results under 225 kPa air pressure

CFD nozzle conf. 
name

Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Mass flow rate (kg/s)

3 Inj. DP 1 2 0.5 3 20 225,000 0.00030790
4 Inj. DP 1 2 0.5 4 20 225,000 0.00031245
3 Inj. DP 2 2 0.5 3 25 225,000 0.00031496
4 Inj. DP 2 2 0.5 4 25 225,000 0.00031967
3 Inj. DP 3 2 0.5 3 30 225,000 0.00032376

0.0003

0.0002

0.0001

0.0000

0.0001

0.0002

0.0003

0.0004

DP
1

DP
2

DP
3

DP
4

DP
5

DP
6

DP
7

DP
8

DP
9

DP
10

DP
11

DP
12

DP
13

DP
14

DP
15

DP
16

DP
17

DP
18

DP
19

DP
20

DP
21

DP
22

DP
23

DP
24

DP
25

DP
26

DP
27

DP
28

DP
29

DP
30

DP
31

DP
32

DP
33

DP
34

DP
35

DP
36

DP
37

DP
38

DP
39

DP
40

DP
41

DP
42

DP
43

DP
44

DP
45

DP
46

DP
47

DP
48

DP
49

DP
50

DP
51

DP
52

DP
53

DP
54

DP
55

DP
56

DP
57

DP
58

DP
59

DP
60

DP
61

DP
62

DP
63

DP
64

DP
65

DP
66

DP
67

DP
68

DP
69

DP
70

DP
71

DP
72

DP
73

DP
74

DP
75

FIBER INLET MASS FLOW (kg/s)

3 Injector 225000Pa 4 Injector 225000Pa

Fig. 8   Fiber inlet mass flow comparison chart

Table 5   The highest 5 nozzle configuration for fiber inlet mass flow rate according to the CFD results under 225 kPa air pressure

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Mass flow rate (kg/s)

3 Inj. DP 60 3 0.6 3 40 225,000 0.00034293
3 Inj. DP 55 3 0.5 3 40 225,000 0.00033170
4 Inj. DP 55 3 0.5 4 40 225,000 0.00033087
4 Inj. DP 60 3 0.6 4 40 225,000 0.00032648
3 Inj. DP 54 3 0.5 3 35 225,000 0.00030104
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while the 5 lowest nozzle structural configurations are 
given in Table 12 where the injectors are opened to the 
twisting chamber (plane 4 mm).

A comparative graph of the swirling number (Sn) and 
the geometric swirling number (Sg) is given in Fig. 12. 
According to this graph, it is seen that Sn and Sg values 
tend to be in a coherent and correct ratio. The number 

Table 6   The lowest 5 nozzle configuration for fiber inlet mass flow rate according to the CFD results under 225 kPa air pressure

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Mass flow rate (kg/s)

4 Inj. DP 21 2 0.9 4 20 225,000 − 0.000276
4 Inj. DP 22 2 0.9 4 25 225,000 − 0.000267
4 Inj. DP 23 2 0.9 4 30 225,000 − 0.000253
4 Inj. DP 24 2 0.9 4 35 225,000 − 0.000240
3 Inj. DP 21 2 0.9 3 20 225,000 − 0.000238
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Fig. 9   Outlet inlet mass flow comparison chart

Table 7   The highest 5 nozzle configuration for outlet mass flow rate according to the CFD results under 225 kPa air pressure

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Mass flow rate (kg/s)

4 Inj. DP 75 3 0.9 4 40 225,000 − 0.0013372
3 Inj. DP 75 3 0.9 3 40 225,000 − 0.0011899
4 Inj. DP 74 3 0.9 4 35 225,000 − 0.0011863
4 Inj. DP 70 3 0.8 4 40 225,000 − 0.0011710
4 Inj. DP 73 3 0.9 4 30 225,000 − 0.0011462
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of geometric swirling can be used to estimate the swirl-
ing density before the CFD analysis, since the momentum 
values mentioned in the swirling number formula (Eq. 1) 
cannot be pre-specified.

According to the results, swirl number or geometric 
swirl number, injector diameter and injector angle values 
tend to decrease with increasing. On the contrary, as the 

Table 8   The lowest 5 nozzle configuration for outlet mass flow rate according to the CFD results under 225 kPa air pressure

CFD nozzle conf. 
name

Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Mass flow rate (kg/s)

4 Inj. DP 1 2 0.5 4 20 225,000 −0.0003443
3 Inj. DP 1 2 0.5 3 20 225,000 −0.0003492
4 Inj. DP 2 2 0.5 4 25 225,000 −0.0003652
3 Inj. DP 2 2 0.5 3 25 225,000 −0.0003697
4 Inj. DP 3 2 0.5 4 30 225,000 −0.0003879
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Fig. 10   Geometric swirling number (Sg) comparison chart

Table 9   The highist 5 nozzle configuration for geometric swirling number (Sg) according to the CFD results under 225 kPa air pressure

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Geometric swirl-
ing number (Sg)

3 Inj. DP 51 3 0.5 3 20 225,000 4.16627
3 Inj. DP 26 2.5 0.5 3 20 225,000 4.01884
3 Inj. DP 56 3 0.6 3 20 225,000 3.95027
3 Inj. DP 1 2 0.5 3 20 225,000 3.89656
3 Inj. DP 61 3 0.7 3 20 225,000 3.82489
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Table 10   The lowest 5 nozzle configuration for geometric swirling number (Sg) according to the CFD results under 225 kPa air pressure

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Geometric swirl-
ing number (Sg)

4 Inj. DP 25 2 0.9 4 40 225,000 1.48791
4 Inj. DP 20 2 0.8 4 40 225,000 1.64237
4 Inj. DP 50 2.5 0.9 4 40 225,000 1.66888
4 Inj. DP 24 2 0.9 4 35 225,000 1.67092
4 Inj. DP 45 2.5 0.8 4 40 225,000 1.75683
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Fig. 11   Swirling number (Sn) comparison chart at plane 4 mm

Table 11   The highist 5 nozzle configuration for swirling number (Sn) according to the CFD results under 225 kPa air pressure (where injec-
tors are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Swirling 
number 
(Sn)

3 Inj. DP 51 3 0.5 3 20 225,000 3.37969
3 Inj. DP 26 2.5 0.5 3 20 225,000 3.20717
4 Inj. DP 51 3 0.5 4 20 225,000 3.17747
3 Inj. DP 52 3 0.5 3 25 225,000 3.17470
3 Inj. DP 56 3 0.6 3 20 225,000 3.10766
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diameter of the twist chamber increases, the number of 
swirl decreases.

3.3 � Comparison of total pressure and flow pressure

According to the total pressure graph given in Fig. 13, 
when the twisting chamber diameter and injector angle 
values increases, the total pressure value decreases. On 
the contrary increase the injector diameter, increases 
total pressure value. In the same structural configura-
tion, the number of circular injectors has no significant 
effect on the total pressure value of the change. The 
structural configuration of 5 different nozzles with the 
highest total pressure values is given in Table 13, while 

the 5 lowest nozzle structural configurations are given in 
Table 14 where the injectors are opened to the twisting 
chamber (plane 4 mm).

According to the flow pressure graph given in Fig. 14, 
when the twisting chamber diameter increases, the flow 
pressure value decreases. On the contrary increase the 
injector diameter, injector angle and the number of circu-
lar injectors, increases total pressure value. The structural 
configuration of 5 different nozzles with the highest flow 
pressure values is given in Table 15, while the 5 lowest noz-
zle structural configurations are given in Table 16 where 
the injectors are opened to the twisting chamber (plane 
4 mm).

Table 12   The lowest 5 nozzle configuration for swirling number (Sn) according to the CFD results under 225 kPa air pressure (where injec-
tors are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Swirling 
number 
(Sn)

4 Inj. DP 25 2 0.9 4 40 225,000 0.98003
4 Inj. DP 24 2 0.9 4 35 225,000 1.06801
4 Inj. DP 20 2 0.8 4 40 225,000 1.17209
4 Inj. DP 23 2 0.9 4 30 225,000 1.20433
4 Inj. DP 19 2 0.8 4 35 225,000 1.27473
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Fig. 13   Total pressure comparison chart at plane 4 mm

Table 13   The highist 5 nozzle configuration for total pressure value according to the CFD results under 225 kPa air pressure (where injectors 
are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Total Pressure (Pa)

4 Inj. DP 21 2 0.9 4 20 225,000 122,256
3 Inj. DP 21 2 0.9 3 20 225,000 118,753
4 Inj. DP 22 2 0.9 4 25 225,000 114,122
3 Inj. DP 22 2 0.9 3 25 225,000 111,490
4 Inj. DP 23 2 0.9 4 30 225,000 111,354

Table 14   The lowest 5 nozzle configuration for total pressure value according to the CFD results under 225 kPa air pressure (where injectors 
are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Total Pressure (Pa)

4 Inj. DP 54 3 0.5 4 35 225,000 38,358
4 Inj. DP 52 3 0.5 4 25 225,000 40,512
4 Inj. DP 53 3 0.5 4 30 225,000 41,068
3 Inj. DP 54 3 0.5 3 35 225,000 41,793
3 Inj. DP 53 3 0.5 3 30 225,000 41,943
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Fig. 14   Flow pressure comparison chart at plane 4 mm

Table 15   The highist 5 nozzle configuration for flow pressure value according to the CFD results under 225 kPa air pressure (where injectors 
are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Flow Pressure (Pa)

4 Inj. DP 21 2 0.9 4 20 225,000 53.981
4 Inj. DP 22 2 0.9 4 25 225,000 51.280
4 Inj. DP 25 2 0.9 4 40 225,000 48.243
4 Inj. DP 23 2 0.9 4 30 225,000 48.241
4 Inj. DP 24 2 0.9 4 35 225,000 47.513

Table 16   The lowest 5 nozzle configuration for flow pressure value according to the CFD results under 225 kPa air pressure (where injectors 
are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Flow Pres-
sure (Pa)

4 Inj. DP 60 3 0.6 4 40 225,000 5.253
4 Inj. DP 55 3 0.5 4 40 225,000 6.021
3 Inj. DP 51 3 0.5 3 20 225,000 6.375
4 Inj. DP 65 3 0.7 4 40 225,000 6.810
4 Inj. DP 51 3 0.5 4 20 225,000 7.334
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As the injector angle and the twist chamber diameter 
increase, the total pressure decreases. On the contrary, 
increasing the diameter of the injector increases the 

total pressure value. There is a different improvement in 
flow pressure value. Increasing the injector diameter and 
injector angle increases the flow pressure value. On the 
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Fig. 15   Reynolds number comparison chart at plane 4 mm

Table 17   The highest 5 nozzle configuration for Reynolds number value according to the CFD results under 225  kPa air pressure (where 
injectors are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Reynolds 
Number 
(Re)

3 Inj. DP 46 2.5 0.9 3 20 225,000 74,496
3 Inj. DP 71 3 0.9 3 20 225,000 73,571
3 Inj. DP 21 2 0.9 3 20 225,000 72,611
4 Inj. DP 71 3 0.9 4 20 225,000 72,497
4 Inj. DP 46 2.5 0.9 4 20 225,000 72,049

Table 18   The lowest 5 nozzle 
configuration for Reynolds 
number value according to 
the CFD results under 225 kPa 
air pressure (where injectors 
are opened to the twisting 
chamber, 4 mm ahead of the 
fiber inlet)

CFD nozzle 
conf. name

Twisting cham-
ber dia. (mm)

Injector 
dia. (mm)

Number of circu-
lar injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Reynolds 
Number 
(Re)

4 Inj. DP 3 2 0.5 4 30 225,000 32,471
4 Inj. DP 4 2 0.5 4 35 225,000 33,086
4 Inj. DP 2 2 0.5 4 25 225,000 33,296
3 Inj. DP 3 2 0.5 3 30 225,000 33,746
3 Inj. DP 4 2 0.5 3 35 225,000 33,749
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contrary, the increase of the bending chamber diameter 
decreases the flow pressure value. Flow pressure value is 
one of the major features to give the yarn twist. It is there-
fore desirable that the twist chamber diameter is low.

3.4 � Comparison of Reynolds number

According to the Reynolds number graph given in Fig. 15, 
when the twisting chamber diameter and injector angle 
values increases, the Reynolds number value decreases. 
On the contrary increase the injector diameter, increases 
Reynolds number value. In the same structural configu-
ration, the number of circular injectors has no significant 
effect on the Reynolds number value of the change. The 

structural configuration of 5 different nozzles with the 
highest Reynolds number values is given in Table 17, while 
the 5 lowest nozzle structural configurations are given in 
Table 18 where the injectors are opened to the twisting 
chamber (plane 4 mm).

Increasing the injector diameter increases the Reyn-
olds number and increasing the injector angle decreases 
it. When CFD results are examined, it is understood that 
the twist chamber diameter change has no significant 
effect on Reynolds number. It is undesirable to increase 
this number since the rise of the Reynolds number will 
make the swirling flow even more unstable. These val-
ues must therefore be taken into account when testing 
the yarn. According to the Reynolds number graph, it 
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Fig. 16   Velocity comparison chart at plane 4 mm

Table 19   The highest 5 nozzle configuration for velocity value according to the CFD results under 225 kPa air pressure (where injectors are 
opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Velocity (m/s)

3 Inj. DP 22 2 0.9 3 25 225,000 390.3
3 Inj. DP 23 2 0.9 3 30 225,000 389.9
3 Inj. DP 21 2 0.9 3 20 225,000 389.6
3 Inj. DP 24 2 0.9 3 35 225,000 383.8
3 Inj. DP 25 2 0.9 3 40 225,000 377.9
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is recommended to test nozzles with Ø0.5 mm injector 
diameter and 35°–40° injector angle range which give 
low results.

3.5 � Comparison of velocity and velocity w

According to the velocity graph given in Fig. 16, when the 
twisting chamber diameter values increases, the veloc-
ity value decreases. On the contrary increase the injector 
diameter, increases velocity value. In the same structural 
configuration, the number of circular injectors and injector 
angle has no significant effect on the velocity value of the 
change. The structural configuration of 5 different nozzles 
with the highest velocity values is given in Table 19, while 

the 5 lowest nozzle structural configurations are given in 
Table 20 where the injectors are opened to the twisting 
chamber (plane 4 mm). In plane 4 mm, the structural con-
figuration of the nozzle where the velocity is highest: Twist 
chamber diameter Ø2 mm, injector diameter Ø0.9 mm, 
injector angle 25° and have 3 injector. Airflow velocity is 
calculated as 390.3 m/s (1.14 Mach). The structural config-
uration of the lowest speed nozzle is: Twist chamber diam-
eter Ø3 mm, injector diameter Ø0.5 mm, injector angle 
25° and have 4 injector. Airflow velocity is calculated as 
192.7 m/s (0.56 Mach).

According to the velocity w (velocity in z axis) graph 
given in Fig. 17, when the twisting chamber diameter 
values increases, the velocity w value decreases. On the 

Table 20   The lowest 5 nozzle configuration for velocity value according to the CFD results under 225 kPa air pressure (where injectors are 
opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Velocity (m/s)

4 Inj. DP 52 3 0.5 4 25 225,000 192.7
4 Inj. DP 51 3 0.5 4 20 225,000 196.7
4 Inj. DP 53 3 0.5 4 30 225,000 197.5
3 Inj. DP 52 3 0.5 3 25 225,000 201.1
4 Inj. DP 54 3 0.5 4 35 225,000 202.1
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Table 21   The highest 5 nozzle configuration for velocity w value according to the CFD results under 225 kPa air pressure (where injectors 
are opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Velocity w (m/s)

4 Inj. DP 25 2 0.9 4 40 225,000 215.4
3 Inj. DP 25 2 0.9 3 40 225,000 211.9
3 Inj. DP 24 2 0.9 3 35 225,000 204.9
4 Inj. DP 24 2 0.9 4 35 225,000 202.1
3 Inj. DP 23 2 0.9 3 30 225,000 196.4

Table 22   The lowest 5 nozzle configuration for velocity w value according to the CFD results under 225 kPa air pressure (where injectors are 
opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector 
angle (°)

Pressure (Pa) Velocity w (m/s)

4 Inj. DP 52 3 0.5 4 25 225,000 66.1
4 Inj. DP 51 3 0.5 4 20 225,000 62.5
4 Inj. DP 53 3 0.5 4 30 225,000 71.2
3 Inj. DP 52 3 0.5 3 25 225,000 68.6
4 Inj. DP 54 3 0.5 4 35 225,000 79.4
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contrary increase the injector diameter and injector angle, 
increases velocity w value. In the same structural configu-
ration, the number of circular injectors has no significant 
effect on the velocity value of the change. The structural 
configuration of 5 different nozzles with the highest veloc-
ity w values is given in Table 21, while the 5 lowest noz-
zle structural configurations are given in Table 22 where 
the injectors are opened to the twisting chamber (plane 
4 mm).

3.6 � Comparison of vorticity

According to the vorticity graph given in Fig. 18, when the 
twisting chamber diameter increases, the vorticity (curl of 
velocity) value decreases. In the same structural configura-
tion, the number of circular injectors, the injector diameter 
and injector angle has no significant effect on the vorticity 
value of the change. The structural configuration of 5 dif-
ferent nozzles with the highest vorticity values is given in 
Table 23, while the 5 lowest nozzle structural configura-
tions are given in Table 24 where the injectors are opened 
to the twisting chamber (plane 4 mm).

Vorticity, also known as curl of velocity, is one of the 
most important values for swirling nozzles. The success 
parameter of the swirling nozzle is directly proportional 
to the high vorticity. When performing yarn tests, noz-
zles with high vorticity should be considered in order to 

obtain more successful results. Therefore, for yarn tests, 
it is estimated that nozzles with a twist chamber diam-
eter of Ø2 mm will give better results than nozzles with a 
larger twist chamber diameter. It is seen that there is an 
inverse ratio with the vorticity value and swirling number. 
It is understood from the graph that the number of swil-
ing is minimum in nozzle configurations with maximum 
vorticity.

3.7 � Comparison of helicity

According to the helicity real eigen graph given in Fig. 19, 
when the twisting chamber diameter values increases, 
the helicity real eigen value decreases. On the contrary 
increase the injector diameter, the number of circular 
injectors and injector angle, increases helicity real eigen 
value. The structural configuration of 5 different noz-
zles with the highest helicity real eigen values is given in 
Table 25, while the 5 lowest nozzle structural configura-
tions are given in Table 26 where the injectors are opened 
to the twisting chamber (plane 4 mm).

Helicity real eigen value shows the same tendencies as 
vorticity value. This result was already foreseen. The reason 
for this is that the value of helicality and vorticity are math-
ematically based on similar mathematical formulation.

Table 23   The highest 5 nozzle configuration for vorticity value according to the CFD results under 225 kPa air pressure (where injectors are 
opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Vorticity ( �)

4 Inj. DP 10 2 0.6 4 40 225,000 1,188,540
4 Inj. DP 5 2 0.5 4 40 225,000 1,098,580
3 Inj. DP 7 2 0.6 3 25 225,000 1,098,280
3 Inj. DP 13 2 0.7 3 30 225,000 1,098,080
4 Inj. DP 25 2 0.9 4 40 225,000 1,086,100

Table 24   The lowest 5 nozzle configuration for vorticity value according to the CFD results under 225 kPa air pressure (where injectors are 
opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Vorticity ( �)

3 Inj. DP 70 3 0.8 3 40 225,000 661,495
4 Inj. DP 53 3 0.5 4 30 225,000 662,037
4 Inj. DP 52 3 0.5 4 25 225,000 665,865
4 Inj. DP 54 3 0.5 4 35 225,000 671,019
3 Inj. DP 54 3 0.5 3 35 225,000 675,006
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Fig. 19   Helicity comparison chart at plane 4 mm

Table 25   The highest 5 nozzle configuration for helicity value according to the CFD results under 225 kPa air pressure (where injectors are 
opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Helicity real 
eigen (He)

4 Inj. DP 10 2 0.6 4 40 225,000 953,225
4 Inj. DP 5 2 0.5 4 40 225,000 856,775
3 Inj. DP 1 2 0.5 3 20 225,000 826,076
4 Inj. DP 25 2 0.9 4 40 225,000 825,808
3 Inj. DP 2 2 0.5 3 25 225,000 824,095

Table 26   The lowest 5 nozzle configuration for helicity value according to the CFD results under 225 kPa air pressure (where injectors are 
opened to the twisting chamber, 4 mm ahead of the fiber inlet)

CFD nozzle conf. name Twisting chamber 
dia. (mm)

Injector dia. 
(mm)

Number of circular 
injectors (qty.)

Injector angle 
(°)

Pressure (Pa) Helicity real 
eigen (He)

3 Inj. DP 55 3 0.5 3 40 225,000 522,006
3 Inj. DP 70 3 0.8 3 40 225,000 522,165
4 Inj. DP 53 3 0.5 4 30 225,000 531,947
4 Inj. DP 54 3 0.5 4 35 225,000 534,857
3 Inj. DP 75 3 0.9 3 40 225,000 535,344
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4 � Conclusions

Table  27 shows the results of the computational fluid 
dynamics analysis result parameters when the values of 
the nozzle structural parameters are increased. In this 
way, it is understood that for each result parameter which 
structural parameter has a positive or negative effect on 

the result. If the (+) sign indicates an increase in value, (−) 
indicates a decrease in value. The sign (o) indicates that the 
value does not change significantly.

•	 Compared to the air flow mass flow graph given in 
Fig. 7, the geometric swirling number in Fig. 10 and 
the swirling number in Fig.  11, geometric swirling 
number and swirling number are at maximum value 

Table 27   Effects of change of 
nozzle structural parameters 
on CFD analysis result 
parameters

CFD result parameters Unit Injector quan-
tity (qty)

Injector 
angle (°)

Injector dia. 
(mm)

Twisting 
chamber dia. 
(mm)

Air inlet mass flow kg/s + + + +
Fiber inlet mass flow kg/s o + − +
Outlet mass flow kg/s o + − +
Swirling number Sn − − − +
Geometric swirling number Sg − − − +
Total pressure Pa + − + −
Flow pressure Pa + + + −
Reynolds number Re o − + −
Velocity m/s o o + −
Velocity w m/s o + + −
Vorticity o o o −
Helicity real eigen o o o −
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in structural configuration where air inlet mass flow is 
minimum and an inverse ratio between them appears.

•	 The only parameter that increases swirling number and 
geometric swirling number is the increase in the diam-
eter of the twisting chamber. The positive change in 
other structural parameters decreases swirling number 
and geometric swirling number.

•	 According to this Sg–Sn comparison graph (Fig. 12), it 
is seen that Sn and Sg values tend to be in a coherent 
and correct ratio. The number of geometric swirling 
can be used to estimate the swirling density before the 
CFD analysis, since the momentum values mentioned 
in the swirling number formula (Eq. 1) cannot be pre-
specified.

•	 As seen in Table 27, positive change of all structural 
parameters increases air inlet mass flow.

•	 The increase in the diameter of the twisting chamber 
increases the number of airflow mass flow rate, fiber 
inlet mass flow rate, outlet mass flow rate, swirling 
number, geometric swirling number but, decreases 
total pressure, flow pressure, Reynolds number, veloc-
ity, velocity w (velocity in z axis), vorticity, helicity real 
eigen values.

•	 Between the fiber inlet boundary layer and the loca-
tion where the injectors are opened to the twisting 
chamber (4 mm ahead of fiber input), forming a reverse 

pressure gradients. Due to reverse pressure gradients, 
Reynolds number exceeds 200.000 locally at 2.59 mm 
from the fiber inlet (Fig. 20). When this area passes the 
Reynolds number values falls below 70.000 (Fig. 15). 
Vorticity values exceeds 1.500.000 locally at 3 mm from 
the fiber inlet (Fig. 21). When this area passes the vor-
ticity values falls below 1.100.000 (Fig. 18). Helicity real 
eigen values exceeds 1.100.000 locally at 3 mm from 
the fiber inlet (Fig. 22). When this area passes the helic-
ity real eigen values falls below 900.000 (Fig. 19).

•	 Some of the configuration parameters from the noz-
zle formed by the structural change, air intake into the 
nozzle from the outside on fiber inlet boundary layer. 
In some configurations, on the contrary, air is ejected 
from the nozzle to the outside environment (Fig. 8). 
There is only air intake from the outside to the twisting 
room and no air discharge to the outside environment 
is expected. It is thought that the outflow of air from 
the fiber inlet will have a negative effect on the yarn 
twist and hairiness. As seen from the graph in Fig. 8, in 
all configurations where the bending chamber diam-
eter is Ø3 mm (DP 51–DP 75), in contrast to the air dis-
charge from fiber inlet to the outside, it is seen that the 
air intake from the external environment into the twist-
ing chamber is more dominant. It is recommended that 
the diameter of the nozzle twisting chamber should be 
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at least Ø3 mm to minimize the air discharge from the 
fiber inlet to the outside environment according to the 
graph in Fig. 8. In addition, the highest swirling number 
(Sn) and the geometric swirling number (Sg) are seen in 
configurations where the twisting chamber is Ø3 mm.

•	 Increase of twist chamber diameter increases swirling 
number (Sn) and geometric swirling count (Sg) values. 
But, velocity dependent vorticity and helicity real eigen 
values are decreases.

•	 To understand the significant properties of yarn quality 
such as values of swirling number (Sn) and geometric 
swirling number (Sg) or values such as vorticity and 
helicity real eigen and to determine an optimum nozzle 
shape, should be supported by experimental studies 
that affect yarn quality.
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