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ANALYSIS OF CFD SIMULATION OPPORTUNITIES FOR
DETERMINATION OF KNITWEAR QUALITATIVE
CHARACTERISTICS

Purpose. To develop method for determining knitted fabric’s characteristics for special
purposes by using modern computer programs.

Methodology. In the work methods for analysis and synthesis of scientific, technical and
patent literature in the modeling field of physical and mechanical processes in various industries
were used. Tools that are embedded in the Autodesk AutoCAD software were used to predict
properties of the materials CFD software and 3D modeling.

Results. The number of software analysis packages and their capabilities. Best software was
selected for determining knitted fabrics quality characteristics.

Scientific novelty. To identify ways of improving the method for determining physical and
mechanical characteristics of jersey special canvas. Also: CFD modeling capabilities were
described for determining knitted fabric’s quality; were defined and justified demands of 3-D
models for the prediction of high-quality physical and knitted fabrics mechanical properties using
computer tools.

Practical value. The method was offered to determine the knitted fabrics properties using
specialized software. This technique allows the help of 3D modeling to recreate experiments in
close to real conditions in the laboratory equipment.

Keywords: CFD, modeling, knitwear, physical and mechanical properties.

Introduction. Nowadays, with the development of computer technology and continuous
improvement of engineering research algorithms, modern engineers have more possibilities for
virtual tests of complex hydro - gas-dynamic testing products. This dramatically reduces the need
for costly testing physical prototypes. In some cases the need for real tests is eliminated completely.
This is especially true in specific areas which makes it difficult to conduct, for example, in outer
space or in the area of a disaster.

In such cases it is advisable to use modern methods of computational aero-hydrodynamics-
CFD (Computational Fluid Dynamics).

Objectives. The aim of this work is to analyze the possibilities of CFD simulation in terms
of suitability for predicting jersey characteristics for special purposes.

CFD technology - a combination of physical, mathematical and numerical methods designed
to calculate the liquids and gases flow properties. This modeling method has the greatest
opportunity to analyze the data obtained due to the coloring of the calculation results. The progress
of computer technology in aero and hydrodynamics allows virtual full replacement of natural
physical experiments conducted in a wind tunnel with computing experiment, and the resulting
information contributes to understanding of physical processes.

The first development of CFD-modeling technology started at the early 80th. Thanks to the
program’s versatility they were widely used in various scientific fields and industrial production.
CFD-models can solve a variety of tasks — calculate the flow of aircraft wing to combustion of the
material in furnaces, produce glass or to simulate movement of blood through the vessels and so on.
CFD- modeling is used by many well-known companies in the aviation - and affecting the car
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production industry for modeling aerodynamic forces. Design flow processes programs are high-
tech products, their creation required more than a thousand man- years of skilled programmers work
and physicists from around the world. CFD programming used in various fields, namely:
instrumentation, electronics and lighting; valves, nozzles, throttles; pumps, compressors, turbines,
fans; heat exchangers, coolers, air conditioners; construction, architecture, AEC, HVAC, BIM.

The question of the need for virtual experiments to study the nature of the deformation of
knitted fabrics for special purposes under power loads, thermal and gas-exchange processes in
knitted fabrics and products arose long ago. This method of determining the jersey quality
characteristics allows to set knitting parameters while in the design phase, ensuring the production
of knitwear with desired properties. Simulation provides adequate jersey dimensional geometric
models. In addition, one of the key elements in implementing virtual experiments is to determine
the best software that will predict physical and mechanical characteristics of the fabric.

Research results. Currently there is a lot of works on the topic of creating 3D jersey models
with appropriate structure. Scientists use different ways to obtain three-dimensional structures that
meet the specifications of the real fabric. So in their works [1, 2] the authors used X-ray micro-
computer tomography. This method gives very accurate information about the fibrous structure
geometry, but it can be only applied to already produced fabric.

Other researchers created structure’s topology and improved it by mechanical methods. This
is one of the core methods that allow reproduction of the knitwear geometry in a short period of
time. The first scientists who created these structures were Pierce and Kemp [6, 7].

In works [3-5] the model of complete production process is represented. For example, in his
work R. Ackerman [4] reproduces the entire process, from weaving machine to creating the finished
canvas. This method requires many calculations, which in turn takes time.

In works [8,9,10] we have developed a theoretical basis for creating 3D models of the jersey
color weaves and tested the possibility of using these models for computer analysis of the jersey
properties and behavior.

Erdan Kesov in his article [11] examines the most common geometric modeling methods of
textile structures. For comparison, he chose geometry using only the key points and the geometry
using key points with well-defined curves between these points. The author describes the software
packages for simulating knitted fabrics and analyzes their capabilities at the moment.

E. Kesov conditionally divided the creation process of multiple textile structure on different
levels. Zero level is fiber, the first - thread, the second - twisted yarn, third is knitwear, and fourth is
rope or clothing. The scientist's work described the designs to 3-level simulation.

In article [12] an overview of the existing geometric and physical models of loops knitted
fabric is presented. Author's work describes a method of imaging the mentioned loop for future
analysis. In this way the change of contour shape is possible using polynomial functions and
determining curvature center loop. The final result of this work is the dependence of circuit loop
parameters during deformation in the direction of columns. Knitwear was checked in operation. It
was made of special material NiTi, characterized as superelastic. The elastic properties of NiTi are
displayed on the properties of the loop, which proves the correctness of the jersey imaging.

To determine the deformation properties of knitwear the adequate knitted fabric structure is
not enough. For such modeling there is the need for a more flexible knitted fabric model.
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Simulation process consists of two key phases. It is creation of 3D models in computer
environment (modelling) and conduction of virtual experiments with it (simulation) [13].
Accordingly, the accuracy of analytical calculations in CAE systems depends on the adequacy of
the models created in the first stage of consideration of all object modeling essential characteristics.
In terms of built-in tools suitable for automation hydrodynamic calculations determining the knitted
fabrics quality characteristics results can be achieved by such well-known software like ANSYS
FLUENT and ANSYS CFX, Flow Vision, OpenFOAM, SigmaFlow, Autodesk Simulation CFD
and others.

For model to be adequate many characteristics of the object must be considered. In previous
studies we identified indicators of jersey breathability [14] using software Autodesk Simulation
CFD. Virtual experiment was conducted using a 3D model of the structure of knitwear created in
AutoCAD software environment [10]. This model takes into account such factors of jersey structure
as loopy step; height looped series; horizontal density; vertical density; thick knitwear; the length of
thread in the loop; penetrating porosity. Also material was tested on air flow and steel tube.

For a more detailed analysis of the knitted fabric properties for special purposes, which in
the course of the product can withstand various kinds of power loads, and determine their quality,
including tensile deformation and fracture looped structure, it is not enough. Besides the above-
mentioned jersey characteristics and software environment conditions also must be specified:
material properties; commodity composition of threads or fibers (wool, flax, etc.); filament threads;
thread twist; material density; viscosity; thermal conductivity; specific heat; crease; radiated
capacity; roughness.

These figures can change or leave the default for the selected material depending on the
purpose of knitwear and physical and mechanical characteristics to be figured out. In addition, when
the material characteristics need to be determined it is necessary to specify if it is fixed or variable,
and then set the conditions of the script. Material properties can be evaluated in these conditions,
and / or continuously maintained, or used the original ones.

CFD modeling fits the determining the knitted fabrics quality characteristics because the
software allows to use simple geometric objects (loop structure), as well as complex parts or even
assemblies (structure jersey). For a more precise calculation there is the ability to adjust the size and
density of the mesh in critical areas such as the intersection of two loops.

Tool to determine the qualitative properties of knitted fabrics is offered in such software
products as: Autodesk Simulation CFD, ANSYS FLUENT and ANSYS CFX, Flow Vision,
OpenFOAM, SigmaFlow and others.

Autodesk Simulation CFD is software that has a complete set of tools for the simulation of
heat and fluid flow processes. This helps to predict the behavior of products during use, optimize
design and thoroughly check projects before transmission into production. For convenient use
Autodesk Simulation CFD is equipped with the following tools: modeling-oriented interface,
automated grid for Finite Element Analysis of size selection and specification, modeling kernel
Accelerant, and special environment for project learning. The software is used in the design of
industrial equipment, medical devices, consumer goods, oil and gas industry and the automotive
industry. Autodesk Simulation CFD provides the following features:

« automation of project studying - a set of tools that will optimize process design and
improve analysis efficiency;
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 important decision-making center- a convenient powerful environment for comparing
design options;

* project-checking center - a visual environment for learning project that simplifies and
accelerates the process of decision-making;

» model-oriented interface - provides multiple ways to interact with the model at any time;

* customizable database of materials - flexible materials management.

ANSYS - the universal program system of finite-element (FEM) analysis of existing and
evolving over the past 30 years, it is quite popular among professionals in the field of automated
engineering calculations (CAD or CAE, Computer-Aided Engineering) for solving linear and non-
linear equations stationary and non-stationary spatial problems and mechanics of deformed solid
forms and structures, problems in mechanics of gas and liquid, heat exchange and heat transfer,
acoustics, electrodynamics, mechanics and related fields.

ANSYS CFD technology provides access to a well-known software products: ANSYS
FLUENT and ANSYS CFX. These are the main products for general purpose tasks hydro and gas
dynamics offered by ANSYS Inc. Programs are available separately. These two program solvers
were developed independently and despite some similarities have several significant differences.
They lie in the method of integrating the equations of fluid flow and strategies for solving
equations. ANSYS CFX platform is fully integrated into ANSYS Workbench.

ANSYS CFX software uses finite element mesh (numerical values in the grid), similar to
those used in the analysis of strength for the sampling area. Unlike ANSYS CFX, ANSYS
FLUENT product uses a mesh of finite volumes (numeric value in the centers of holes). In the end,
both approaches form the equation for finite volumes, which ensure conservation values of the flow,
which is a prerequisite for exact solutions of the problems with hydro gas dynamics. In ANSYS
CFEX special emphasis is set on solving the basic motion equations (coupled algebraic mesh) and
ANSYS FLUENT offers several approaches to solving (method based on the density split, method
based on pressure associated, method based on pressure). Both programs contain valuable physical
simulation capabilities for accurate results.

ANSYS solvers for liquids and gases contain over a thousand man-years of research and
development. These efforts are expressed in ANSYS software advantages over other similar
programs, especially in experience, reliability, breadth and depth.

FLOWVISION. Program computational complex for aero - and hydrodynamics. FlowVision
is designed for mathematical modeling of various physical processes and of industrial infrastructure
and nature, as well as the operation of vehicles. FlowVision based on the numerical solution of
three-dimensional stationary and non-stationary dynamics equations of gas and liquids, which
include the laws of conservation of momentum, mass (Navier-Stokes equation), state equation. To
calculate the complex movements of liquid and gas, accompanied by additional physical
phenomena, such as turbulence, combustion, porous medium, heat, mass transfer and so on, in the
mathematical model were included additional equations describing these phenomena. FlowVision
uses conventional volumetric approach to approximate equations of mathematical model. Navier-
Stokes equations are solved by splitting on physical processes (projection method MAC).
FlowVision based on such technologies of computational fluid dynamics and computer graphics:

« rectangular grid design with a local settlement centers fragmentation;

« approximation of curved boundaries of the settlement area by subgrid division geometry;
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« import CAD systems geometry and finite-element through the surface of the grid,;

* program core written in C++;

* a client-based server architecture;

« user interface — for operational systems MS Windows and Linux;

« simulation results analysis system using high-quality graphics based on OpenGL.

OpenFOAM - open integrated platform for numerical modeling of continuum mechanics
problems. OpenFOAM - free program for computational fluid dynamics tools for operations with
fields (scalar, vector and tensor). It is a one of "complete” and known applications designed for
FVM-computing. Initially the program was designed for strength calculations, but the result of
years of academic and industrial development up till now allows us to solve many different
problems of continuum mechanics (though it isn’t limited to it), including:

« calculations of strength;

« heat conduction problems in solids;

» multiphase tasks including chemical reactions describing the component stream;

» tasks associated with the estimated net deformation;

« conjugated problems;

* other tasks, which require mathematical formulation solving differential equations in
partial derivatives in the complex geometry of the environment;

« parallelization of calculation to run on multiprocessor systems (including cluster systems).

At the core code is a set of libraries that provide tools for the solution of partial differential
equations derived in time and space. The working language of the code is C++. In terms of the
language most mathematical differential and tensor operators in the code equation (to broadcast an
executable file) can be presented in an understandable form. The method and sampling solution for
each operator can be selected by the user in the process of calculation. Thus, encoding is fully
encapsulated and separated. This is the concept of computational grid method, sampling the basic
equations and methods of solving algebraic equations.

SIGMAFLOW. The program SigmaFlow - a universal commercial software product for a
wide class of problems: fluid dynamics, heat transfer and combustion. SigmaFlow is a further
development of AeroChem program, developed since 1993. Specialized versions are used by a
number of researchand design organizations and in the education. The program development is
provided in the implementation of projects under grants and contracts for research.

The program SigmaFlow can simulate following processes:

« steady and unsteady fluid and gas flow;

* non-Newtonian fluids flow;

« turbulent flows using RANS and hybrid RANS / LES models;

» conductive and radiative heat transfer;

« chemical reaction and mixing processes in multicomponent mixtures;

» combustion of gaseous, liquid and solid fuel;

« dispersed phase movement in the carrier flow (solid particles, droplets, bubbles);

« drying processes and pyrolysis, chemical reaction of the dispersed phase;

« free boundary problems;

» movement of solids in the gas stream;

* deformation of solids;
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« flow with phase transitions (melting - crystallization);

* cavitation flow;

* volumetric flow of forces.

SigmaFlow program like all universal programs allows you to create geometry of calculated
object prepare estimated, perform own calculations and analyze simulation results using graphical
tools. Recent versions allow high-performance parallel computing on cluster systems running
Windows operating systems or Linux. The numerical technique embedded in a program is based on
the finite volume for unstructured grids, provids conservative algorithm and allows to model
processes in geometrically complex objects. For approximation of differential equations uses
sustainable schemes of high accuracy order. The interaction between velocity and pressure fields is
realized using the procedure of splitting. Systems with difference equations are solved by an
iterative method using multigrid methods.

Conclusions. Analysis capabilities allowed finding out that all of the listed above software
packages above to perform 3D modeling are suitable for determining the quality characteristics of
knitted fabrics. We suggest performing 3D modeling knitwear patterns in the program Autodesk
Autocad. Autodesk Simulation CFD software are from the one kind. This allows avoiding
additional conversion when opening files from Autocad 3D models of structures designed knitwear
in Autodesk Simulation CFD.

Thus, with Autodesk Simulation resources CFD with available 3D model of jersey virtual
experiments could be implemented to determine the quality characteristics of knitted fabrics. In the
absence of technological equipment it gives the opportunity to set optimal structure parameters that
ensure predictable properties of jersey. Today it is especially important for special purpose knitwear
produced from high strength materials.

This method can significantly reduce the time and cost to manufacture prototypes for
knitting equipment. It does not require additional laboratory equipment and comfortable in
operating. Improved accuracy of calculations can be achieved by improving the geometry of the 3D
jersey structure model of given physical and mechanical material characteristics, including its
bending stiffness, density substances, twist, etc.
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AHAJII3 MOXJUBOCTEM CFD MOJEJIOBAHHSI 1151 BASBHAUEHHSA SAKICHAX
XAPAKTEPUCTUK TPUKOTAXKY
BE3CMEPTHA B.IL., €JIIHA T.B., TAJIABCBKA JI.C.

Kuiscoruii nayionanvrutl ynisepcumenm mexnonozit ma ousaiiny

Mema. Po3pobka memoody usHA4eHHs AKICHUX XAPAKMePUCMUK MPUKOMANCHUX NOTOMEH
cneyianbHo20 NPUSHAYEHHS 3 BUKOPUCTIAHHAM CYYACHUX KOMN TOMEPHUX NPOCPAM.

Memoouxka. Buxopucmano memoou awanizy ma CcuHme3y HAYKOBO-MEXHIYHOI ma
namenmuoi aimepamypu y cghepi Mooento8anHs QPi3uKo-MexaHiyHux npoyecie 8 00’ ekmax pizHux
eanyseil ma npocHO3y8aHui ix eracmueocmetl 3a Oonomocoro CFD npocpam, a makodic
incmpymenmu 3D mooenioeanns, 66yoosani y npoepamui npodykmu Autodesk AutoCAD.

Pezynomamu. I[lpoananizoeano pso npocpamuux naxemie ma ix moocausocmi. Obpano
npozpammue 3abe3neyenus 0Jis 6USHAYEeHHs AKICHUX XAPaKMepUucmuK mpuKomaiCHux noJiomeH.

Haykosa noeusna. llonscac y euaenenui wiiaxie YOOCKOHANEHHS MemoOy 6UHAYEHHs
QDi3uKO-MeXaHIYHUX XApaKmMepucmux  mpuKxomaxicy chneyiaioho2o npusHavauus. Illpu yvomy:
oxapaxmepuzosano modcrusocmi CFD  moodentosanns 0na 6UHAYEHHS NOKA3HUKIE AKOCHI
MPUKOMACHUX NOJIOMEH, BU3HAYeHI ma oO0IpYyHmMoeaHi eumocu 00 3-D modeneii 011 saKicHo20
NPOCHO3Y8AHHA  (DI3UKO-MEXAHIYHUX — GIACMUBOCMEN — MPUKOMAXCY 3  BUKOPUCMAHHAM
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KOMN tomepHux 3acoois.

Ilpakmuuna 3nauumicmes. 3anpononosano  mMemoo  GU3HAYEHHS  GIACMUBOCHEl
MPUKOMAINCHUX NOJOMEH 3 GUKOPUCMAHHAM CReyiani308aHux Komn'tomepuux npoepam. Jlauma
MemoOUKa 00380J5€ 3a 00NOM0o2ol0 3acobie 3D moodentosanHs i0meopumu excnepumenmu 8
VYMOBAX, OIU3LKUX 00 PealbHUX YMO8 HA 1a00paAmopHOMY 00AOHAHHI.

Knrouoei cnosa: CFD, mooeniosants, mpuxomanic, Qizuxo-mexaniuui 61acmueocmi.

AHAJIN3 BO3MOKHOCTEH CFD MOJIEJUPOBAHUA JJI51 ONPEAEJEHUS
KAYECTBEHHBIX XAPAKTEPUCTHUK TPUKOTAXKA
BECCMEPTHAA B.U., EJIMHA T.B., TAJJABCKA JLE.

Kueeckuil Hayuonanvuwliii yrusepcumem mexHoao2utl U OU3alHa

Llens. Pazpabomka memooa onpeoenenus KaueCmeeHHbIX XapaKmepucmux mpuKomaicHbix
NoJI0MeH CneyuaIbH020 HA3HAYEHUsL C UCNONb30BAHUEM COBPEMEHHBIX KOMNLIOMEPHBIX NPOSPAMM.

Memoouxa. Hcnonvzosanvl MmemoObl auaiu3a u CuHmesa HAYYHO-MEXHUYEeCKoUu U
NAMeHmHOU Jaumepamypol 8 001acmu MOOEIUPOBAHUS.  (PUUKO-MEXAHUYECKUX NPOYecco8 8
00beKmMax pasiuyHvlX ompaciell U nPocHO3Uposanus ux ceoticms ¢ nomowwio CFD npoepamm, a
makaice uHcmpymeumol 3D mooenuposanus, 6cmpoeHHble 8 npocpammuvle npodykmol Autodesk
AutoCAD.

Pesynomamul. Ilpoananusuposan pso npoSpamMMHbIX NAKEMO8 U UX BO3MONCHOCHIU.
Buibpano npoepammmoe obecneuwenue 0L onpeoeneHuss KAYECMEEHHbIX — XAPAKMepUCmuK
MPUKOMANHCHBIX NOJIOMEH.

Hayunaa mnosusna. Cocmoum 6 @vlagleHUU Nymell COBePUICHCMBOBAHUS Memooa
onpeoeneHus QU3UKO-MEeXAHUYECKUX XAPAKMEPUCMUK MPUKOMANCA CNEeYUATbHOSO HASHAYEHUSL.
Ilpu smom: oxapakmepuzosanvl 6o3modcHocmu CFD  modenuposanus 0ns  onpeoenenus
noxazamejeil Kauecmea mpuKOmadMdCHovlxX NOJ0meH, onpeoeieHvl U 000cHosanvl mpebosanus k 3-D
MoOensam OJisl KAYeCmBeHHO20 NPOSHO3UPOBAHUS (PUUKO-MEXAHUUECKUX CBOUCME MPUKOMAMCA C
UCNOIb308AHUEM KOMNBIOMEPHBIX CPEOCME.

Ilpakmuueckan 3nayumocme. [lpeonodicen memoo onpeoeieHus C8OUCME MPUKOMANCHBIX
NOJIOMeEH ¢ UCNONb30BAHUEM CNEYUATUSUPOBAHHBIX KOMNbIOMEPHBIX NPOCPAMM. J{aHHASL MemoouKa
no360/sem ¢ nomowpto cpeocme 3D modenuposanus 60CNPoOU3BeCmu IKCNEPUMEHMbL 8 VCIO0BUX,
OU3KUX K PeAibHbIM YCI0BUAM HA 1AO0PAMOPHOM 000PYO008AHUU.

Knroueewie cnosa: CFD, modenuposanue, mpuxomasic, usuKo-mexanuyeckue colucmad.
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