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Abstract
The paper describes the flow phenomena, incorpdriatéechnology of polymer fiber production.
It includes detailed description of pneumosppinpr@cesses, as well as the influence of values
of particular technological parameters on the protion process of polymer nonwoven fabics.
Also the possibility of utilization of CFD methods, a tool for modeling flow phenomena existing
during pneumosppinig processes, was presentectipdper hereby.

1. INTRODUCTION

The methods of forming polymer fibre in a streamhaoft air are one of the most
dynamically developing technologies of nonwoven rifzb production. Manufacturing
of fabrics by these methods is a complex processtil Lhow numerous theoretical
and empirical models, both for laboratory and indalksapplications, have been developed
in order to describe it. The structure of fibrerfofleece is being obtained as a function
of multiple parameters, altering dynamically in #rea in between multi-hole nozzle, feeding
spouts of melted polymer, and the condenser on hwHabrics is being formed.
The parameters include the temperature of a speldgity and diameter of a polymer spout,
temperature and velocity of air stream, as welhas-stable, tangled character of the fibre
sheatf.
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Furthermore, the structure of fibre-form fleece elegs directly on velocity of the flow
of melted polymer through the holes of the spinnimuzzle, distance between the nozzle
and the transporter (condensator) and rheologigalpegsties of the polymer itself.
The geometry of nozzle holes (its diameter and tkertg diameter ratio), configuration
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of the conduit feeding compressed, hot air to tbezle, as well as size of the aperture
situated alongside nozzle holes, they all influetheestructure of fabric being formed.

Unique properties of nonwoven fabrics are the kagtdrs for their wide area of
application e.g. as filtering materials used agriciyes for various filter types, isolators for
building and textile industry, single use persopedtective suits. The process of fabrics
manufacturing enables for addition of various typkadditives in order to improve their final
characteristics, thus broadening the area of patarge for industrial applications.

Global need for such products is currently extrgmegh. Polymer fabrics of various
properties are being used in agriculture, motorfand industry and most of all in medicine.

2. FLOW PHENOMENA OCCURRING AS A PART OF FABRICS
PRODUCTION TECHNOLOGY

The process of fabrics production is consideredegaomplex, especially due to use of
different polymer types of various physical and rofeal properties. It requires extremely
precise control and operating of complex auxilissguipment including control and
measurement apparatus. The temperature of the migfuextruded polymer, temperature of
air, as well as degree of polymer crystallisatiom @f great importance. One of the common
methods for fabric production is the “melt-blown’ethod. It is characterized by preserving
constant and stable temperature parameters. Tetuperaf polymer being fed, of the
spinning beam, air beam distributing extruded p@ynas well as the temperature of ambient
air mixed during the process, are all importantapeeters. All of them are affected by
different factors. The process of blow-separatibmelted polymer, forming different types
of fabrics, or multilayer composites based on fafyrrequires time-varying set parameters,
due to the necessity of maintaining constant caodt of the process at the output of the
system, that will not be subjected to variations ashbient temperature, pressure, of
irregularity of polymer mass with respect to thedthi of the beam. Abnormalities of the
polymer flow through the extruder and spinning beana caused directly by the geometry
and input parameters’ values.

Fig. 2. Polymer stream flowing out of the spinning beam

They may result in discontinuities of extruded po&r stream from the extruded, or from the
spinning beam holes. Raw material, being preseidénthe system may be overheated, thus
causing contamination (burns) unable to be remow#bout disassembling the machine
(spinning beam). The aerodynamic processes ofdglspinning from polymers mixtures are
gualified as double phase systems. The first phecdedes stream of liquid polymer, flowing
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out of the holes of the spinning beam and the skqdrase includes the compressed air
stream from the nozzle, responsible for aerodynastnetching of the polymer. The stream of
polymer flowing out of holes alongside the spinthare perpendicular to the front face of the
spinneret, as well as to plane of formed fabrictlwa conveyor. The velocity of air stream
blowing from extended nozzle is high comparing ¢dogity of the polymer stream. It blows
from both sides of the spinning beam symmetricaffgcting the streams of melted polymer,
causing its extensions in the first phase and ruguhe strand in the second, before final
forming of the fabric on the conveyor. The frictiéorce acting between the blowing air
stream and polymer strand, causes its abrupt caem@iongside the spinning axes, thus
forming thin fabrics. Pneumatic spinning of fabrfosm melted polymer is the basic method
for fast industrial production of nonwoven fabrics.

3. COMPLEXITY OF THE NONW OVEN FABRIC
PNEUMOSPINNING PROCESS

The process of nonwoven fabric production by awélanethods of blow-separation of
melted polymer, requires pre-serving proper angi@om conditions of technological process.
Temperature of polymer being fed, temperature ofbig air and temperature of ambient air
are of special importance. The temperature of petyehepends on the method of beam
heating up to the preset value of temperatures ltealized by appropriate heating zones,
equipped most commonly with cartridge heaters fiédint power. Placement of the heaters
is one of the conditions that influences even teaipee distribution over the whole length of
the beam.
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Fig. 3. The expansion of temperature in spinning nozzle

Temperature control of each heating zone is pasdifsthnks to temperature sensors,
situated inside the body of the spinning beam. @aots control of temperature of all
heating zones is done with spring regulators, qopdpwith sensors. Most often self-learning
regulators are used. They control the effective ggoof heaters, thus obtaining expected
temperature distribution pattern. Feeding of rawtemal of accurate properties to worm
extruders is another issue. Too high humidity & taw material causes flow disturbances
that in turn leads to instability of the technolmi process. Humidity released due to
increased temperature form the liquid-gaseous maxtinat causes non even polymer
extrusion from the spinning conduits of the beam.otder to avoid such problems, raw
material is subjected to pre-drying in special dsyeassuring proper level of humidity,
according to requirements of the particular proc&snulate is being dried by means of
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circulating air, in the closed circuit of the drgirsystem. The temperature of the air is
increased according to the type of polymer. Aftedsahe air is dried by the absorber in the
cooler, and heated again before it is transferradkbto the drying chamber. The air
circulating constantly absorbs some of the humittioyn the granulate and transfers it to the
absorber before reentering the cycle. Dried grdauk put into the worm extruder feeding
chamber than it is forced through the extruderncigr into the polymer pump. The extruder
itself is equipped with particular heating zonésttincrease the temperature of the worm by
means of resistive electrical heaters.
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Fig. 5. The expansion of velocity of outflow air in spinginozzle

The polymer being fed by the worm is intensely rmlix@nd subjected to increased
temperature which leads to melting. Then, alreadiguid state in, it is transferred through
the mesh filter and is fed to the heated spinniegnib by the metering pump. The system of
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shaped conduits inside the spinning beam tunneliedngolymer to the spinneret. The spouts
of melted polymer, flowing out of the spinneretdiagh a single, or double row of holes are
stretched and torn into particular spouts by peratreams of hot air, from the nozzles
situated alongside polymer holes.
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The temperature of particular zones of the cylindee spinning beam and air is
controlled automatically. The air stream flowing @f the heater deposits formed fabrics on
the moving mesh of the conveyor (condenser), orchwhhe fabrics of given width and
surface mass is created. Those parameters aredigypetirectly on the speed of conveyor
and efficiency of metering pump situated downstrélaenextruder. The air from condenser is
free of any contaminations and can be transfermattty to the atmosphere. The air used for
stretching and tearing the fabric is being commegshkrough the electric heater and tunnelled
by two symmetrical channels up to the spinning he@he efficiency of the whole system
depends on the yield of the polymer metering pumgb i& is proportional to its rotational
speed. Appropriate temperature layout within hgationes of the extruder and spinning
beam is selected according to real value of ratatispeed of the polymer metering pump.
Change of flow rate of the polymer causes chandbeasfnal balance of the system.

4. UTILISATION OF CFD METHOD OF K-EPSILON
FOR PNEUMOSPINNING PROCESS

The mathematical basis for the models of nonwoadniés spinning with polymers have
been already defined in the sixties, by prof. Z&b{l]. The models were being intensely
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developed and elaborated during the years to chiew.computation techniques were able to
boost the development. However the literature ¢kitay the detailed analysis of the process,
based on simulations using set of equations réfigcthe rheological behaviours and

structural changes that play significant role fbe tprocess dynamics. These are the
constitutive equation of viscoelasticity, orientedystallization kinetics, as well as the

influence of crystallization on the rheological pesties, i.e. viscosity and relaxation time of

the polymer liquid being spinned.

Methods of finite elements enable for numerical patations of any modelled
geometrical areas for fluids of different physigabperties. Appropriate definition of the
geometry of the fluid model constitutes an eargstof analysis of the problem concerning
numerical computations of dynamics of air flow tingh conduits. Elaboration of meshes of
finite elements is the following stage of the comapion with methods of finite elements
(ANSYS environment). In order to achieve it, theil®Bnsional model of fluid is prepared.
The process is extremely important and criticaltfa results of the future simulations. While
developing the mesh of finite elements, one must qéention to the choice of shapes,
dimensions, quantity, as well as configuration lefreents that will be divided into analysed
geometrical models. Correct decisions with respeechentioned properties will result in the
model being as realistic as it is possible. Acauraeparation of the model used during flow
analysis with the method of finite elements is Ivita resemble the real phenomenon as
closely as possible. In order to avoid common rketaand to perform the analysis correctly,
one should follow the scheme as described below:gaometry generation, b — numerical
mesh, ¢ — boundary conditions, d — solver, e —postessing.

IGEOMETRY GENERATIONI

v
| MESH GENERATION l

PHYSICS
PRE-PROCESOR

SOLVER

POST-PROCESOR ‘

Fig. 8. Structure of numerical computation

The operating principle of the software using CFBtmods (ANSYS) is usually based on
the finite volumes method. The flow model beingastigated is divided into a finite number
of small elements that consists of nodes, aroundthwhnite volumes are being created.
Equations are elaborated for each generated vollihey. are based on three basic principles:
conservation of mass, conservation of moments andesvation of energy. The equations are
being solved in the integral form, by means of #owtegration over the external surface of
the finite volume. Elaboration of appropriate nuit&rmesh happens to be troublesome and
even more time consuming than the numerical conipagthemselves. The reason behind is
that correct generation of the numerical mesh asial impact on the obtained results, as
well as run of a computer simulation. Appropriaeoigetry of the mesh element has to be
chosen. The quality of the geometrical models mesine of the most important factors that
influence results accuracy and computation timefind®n of all possible parameters
defining a given continuous environment, as welprewiding crucial boundary conditions, is
a vital stage after generation of numerical meshes.
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In order to generate the mesh of finite elementsr dirie surface of examined flow
conduits, one can use e.g. “Triangle” type elemeots “Tetrahedral” type elements.
Simulating of real fluids flow in the near-wall aseof the conduit requires increasing density
of the mesh, maintaining its regularity at the saime.

0,000 0,200 0,400 (m)
I 4 S0

0,100 0,300
Fig. 9. Finite elements mesh for a part of air conduit

The choice of suitable turbulence model is the nmagortant phase during the selection
of analysis type. The default model for flow ana@ywith the ANSYS CFX is the k-epsilon
model.

For this model one defines the momentum equatidalisvs[1-4]:

U __0oP, 0y _
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And the continuity equation:
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Where viscous stress is defined as:
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wherert; is the Reynolds stress and equals to:
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where:p is local air density, lJ- components of the air velocity vectgy-tviscous stress
tensor components, P — the air pressuje; the Reynolds stress tensor compongnts,
viscosity coefficients, and; - components of the buoyant force vector.
It is shown that the form of Reynolds’ stress iglagous to viscous stress, where viscosity
coefficients of the turbulent form exist [1-4]:
k2

Vi = Cu ? (5)
where G is a constant, k — the turbulent kinetic energyd & — the dissipation rate of the
turbulent energy.
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It is the standard model used for industrial corapans. It can provide correct results for
simple flow cases and channels of low geometricahmexity. However for numerical
computations by means of this model, the near-selaration is anticipated too late, which
significantly influences the end results. The kiepsmodel cannot be utilized in case of
abrupt flows changes, flow through tortuous elemment in case of spinning active agent. The
SST model is able to accurately reflect abrupt ftase, turbulences in the near-wall areas, as
well as more complex geometrical architecture ofcAiannels. The model is designed as a
composition of the K-epsilon and the K-omega madels
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Fig. 10.The paths of hot air current flowing through arufel

For the K-omega model the problem of too late sspar of near-wall areas was
eliminated. Nevertheless the phenomena occurringhé middle of the stream are not
modelled accurately enough.

CONCLUSIONS

Employment of modern computation techniques, basethe finite elements method, or
finite volume methods, allows to perform computenidations and to analyse complex
thermo-flow phenomena occurring inside the spinnibegam and technological air flow
conduits. The computer simulation of the air, otypwr flow inside the sys-tem nodes
crucial for the fabric sinning process, allows hoiden the time necessary to determine values
of process parameters for different polymers andeteelop prototypes of main system nodes.
Combination of simulation and optimization metha#sults in better adaptation of the
technological line design for given tasks, lowerafghe material consumption index, as well
as shortening the time of determining best possga@eameters for machine operations.
Utilization of modern software to perform simulatgoallows to decrease the cost of research
and modernization of existing process installations
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WYKORZYSTANIE METODY CFD K- EPSILON
DO MODELOWANIA ZIAWISK
PRZEPLYWOWYCH WYST EPUJACYCH
W PROCESIE PNEUMOPRZEDZENIA

Streszczenie
W prezentowanej publikacji opisano zjawiska prasplye wysipujgce w technologii
wytwarzania wtoknin polimerowych. Zamieszczono atbky opis proceséw pneumogiizenia oraz
wptyw parametréw technologicznych na przebieg poceytwarzania wioknin polimerowych. W
pracy naukowej zaprezentowano rownimaliwosé wykorzystania metody CFD k-epsilon do
modelowania zjawisk przeptywowych wpsiigcych w procesach pneumogdzenia.
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