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PYTHON-AUTOMATED PARAMETRIC MODEL OF AN AXIAL PUMP, USING ANSYS
TURBOGRID AND CFX

TOMAS KRATKY?, JAKUB STARECEK?, LUKAS ZAVADIL?, LUDEK BARTONEK!

! Faculty of Science, Palacky University of Olomouc
2 Hydraulics Research Centre, Ltd.

Abstract: To perform a shape optimization, an automated parametric model of the
geometry is necessary. While very simple in its basic idea, assembling such a parametric
model might prove very challenging. This article deals with a parametric model of an axial
pump and emphasizes practical aspects related to its realization. Both rotor and stator are
described by almost 60 parameters in total. The choice and reasoning for these parameters
is explained and discussed. Geometry creation, meshing and CFD model assembly,
solution and post-processing is performed with different ANSYS CFX tools, connected and
driven through in-house Python code. In conclusion, a study case of an axial pump, created
with this parametric model is shown.

Keywords: Optimization, pumps, CFD, ANSYS CFX, parametric models

1 Introduction

Nowadays, numerical simulations play major role in pump design. The results help
evaluating the performance and give insight into strengths and weaknesses of a given
design — while being faster and cheaper than conducting experiments. With such
knowledge, it is possible to modify and re-evaluate the initial design for improving its
performance. This can be done either manually, or in an automated way in an optimization
loop. The basic idea behind the optimization is very simple. Both the shape and hydraulic
performance (and other qualities) of a pump can be described by numbers. Thus, we have
a so-called Cost functional (or Objective function)

J:RY - RM where N >1and M > 1

The input is a vector of parameters x = (x4, x,,:+,xy), Where each parameter
represents one geometrical property of the pump shape, such as length, angle, etc. The
output is a vector of objectives f = (f, f2,**, fu). Each objective represents an evaluation
of the pump performance in a specific area, expressed by a numerical value. For example,
efficiency at a given flow rate, cavitational performance, acoustic properties etc.

For obvious reasons, both the parametric and objective spaces have to be bounded
sets. The dimensions of any real-world pump have to be finite, the same is true for
performance numbers. Then, there must exist an optimal shape. Or, more generally in case
of multiple objectives, a Pareto front — a set of designs which cannot be improved in all
objectives simultaneously. Thus, it is possible to employ any of the single- or multi-objective
optimization methods, and to use it for finding a desired pump shape. However, practical
realization of this idea can be very challenging. Numerical simulations of a pump operations
are computationally very expensive, and a lot of these is required for an optimization run.
Deciding fitting parameters and objectives, and automation of the simulations are non-trivial
tasks. Nonetheless, shape optimization is a powerful tool and can extend possibilities of a
pump design significantly. Thanks to a rapid development of computers’ performance, it
also becomes more and more affordable.

In the following chapters, a process of creating an automated parametric model is
described and demonstrated on an axial pump. It is based on a standard workflow and
utilizes Python scripts, to make its deployment as easy as possible. The parameter choices
are also explained. First, the classical approach to hydraulic design is explained. In the third
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chapter it is shown how it can be utilized as a starting point for a parametrization of a pump
shape. Finally, the technical solutions are shown and applied to a case of an axial pump.

2 Hydraulic design

Hydraulic design means a task of determining the optimal shape of a pump for a
given application (typically head and efficiency requirements for a given range of flow rates).
Unfortunately, the optimal shape is unavoidably different for different applications. And no
direct and exact solution of this problem is known. On the other hand, the opposite problem
can be solved relatively easily. l.e. for a known pump, its characteristics can be obtained
either by numerical simulations, or by experimental measurements. Thus, a problem of a
hydraulic design is a typical Inverse problem — “guessing” the pump shape until it meets the
objectives.

As a good initial point for this “guessing”, the classical approach to a pump design
is used. It is based on a simplified “1D” description of the fluid dynamics and has been
widely used for last decades. Most of the terms and descriptions here is from [Gulich]. The
steps of the design are as following:

1. Based on the required parameters of the pump, the so-called specific speed,
fitting for the application, is determined. This helps with deciding the right
category of the pump (radial, diagonal, ...) and the most suitable design method.
Basically, there are many different aaproximative design methods, each fitting
for a relatively narrow range of specific speeds.

2. Other construction requirements and limits (total length etc.) are considered and
the main dimensions (inlet and outlet diameters and position) and number of
blades of both impeller and stator are decided.

Create the meridional shapes of impeller and stator.

Decide the blade shapes (leading and trailing edge position, sweep angle, beta
angle and thickness distribution).

5. Make corrections to the design, based on known results of other pumps. Based
on previously conducted experiments, experience, cases described in available
literature. This is to counter the fact the differences between real flow and the
simplified “1D” model, where the three-dimensional effects of the flow are
ignored.

Once the design is created, its performance is evaluated by numerical simulations.
This is relatively time-consuming process and requires a lot of human input. First, a 3-D
model needs to be created according to the geometric parameters. Next, computational
meshes are created, and the numerical model is assembled, computed and post-
processed. Based on the results and compliance with the objectives, the design is either
modified (and the whole process repeated), or considered as a final one. Next, a sample
pump is constructed and manufactured and its performance is experimentally measured, to
check an agreement between numerical simulations and experimental data. To avoid
spending excessive expenses, altering the design is typically based merely on numerical
simulations, and the hydraulic experiment is only conducted for the final design.

In many cases, this “simple” hydraulic design is a very powerful tool. For a single
flow rate and if one can choose a proper shape of the pump, it is possible to obtain a design
with very high efficiency, that is basically impossible to improve significantly by any means.
[Gulich]. As this method has been used (and continually improved) for a long time, and is
based on practical experience, it is also often capable of designing pump with a great real-
world performance. l.e. even characteristics that can be very hard to capture numerically -
such as vibrations, cavitation, etc. — are considered. However, there are two main
shortcomings:
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1. Flow is a highly non-linear phenomena. From practical point of view, this means
that approximating between two great solutions might not necessarily work. If,
for example, the pump is forced to have a non-standard shape (construction and
installation restrictions, etc.), the design method for a given specific speed might
not work well. And modifying the design can prove very challenging, as human
brain is not very efficient when dealing with non-linear behavior.

2. In practical applications, pumps are not operated at a single flow rate. Instead,
a good performance and behavior in a specified range of flow rates are required.
As changing the shape and rotational speed of the pump “on-the-fly” and in a
sufficient range is not possible for technological and price reasons, this inevitably
leads to conflicting objectives. For example, if a pump is well designed for one
particular flow rate, for a different flow rate this is not true anymore. The velocity
in the passage is different, but the rotational speed remains the same. This
causes whirles and hinders pump’s performance. |.e. design such pump requires
balancing the trade-offs well. Once again, just as in the non-linearity case, this
is a challenging task for an intuitive approach.

For these reasons, optimization can become a valuable addition to the hydraulic
design process. In the next chapter, we describe how an optimization can be connected to
these classical hydraulic methods.

3 Hydraulic design and optimization

In principle, the classical approach to hydraulic design can be easily converted to an
optimization. The parameters are already defined, the only thing missing is an automation
of the whole numerical loop. Then the geometry is evaluated and modified automatically in
a connection with an optimization code, instead of manual input. An ideal parametric model
should cover all possible pump shapes and the optimization would be able to find an
optimum for any combination of input requirements. However, this goal is hard to
accomplish in reality.

- First, the optimized cost functional is very complex. In order to capture necessary
geometry details, the number of input parameters also needs to be relatively
high. On top of that, the numerical simulations are computationally expensive.
These factors alone make the optimization task very challenging and extremely
demanding of computational resources.

- Second, the numerical simulations are not capable of capturing all aspects of
pump’s performance. More precisely, modelling some phenomena (cavitation,
accoustic behavior, Fluid-Structure Interaction) is too demanding and can not
really be utilized as a part of an automated optimization run. This means that a
design obtained as the best one by the optimization objectives can have a sub-
par performance in real operation.

Due to these limitations, the optimization is often used as an addition to the classical
hydraulic design. The idea is to utilize as much information as possible. Typically, the
optimization starts from the initial design, and searches through parametric space relatively
close to it. As the initial design is obtained by computationally inexpensive means, it can
(and will) speed up the process significantly. There are three common methods, how to
create the parametric model for this search:

1. Deformation of the initial mesh.
2. Deformation of the initial geometry.

3. Creation of new geometry by parameters. The parameters’ ranges are based on
the initial hydraulic design.
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First method is the fastest and easiest to implement. In other cases, automated
mesh generation needs to be solved. However, quality of the deformed mesh can become
a limiting factor. For both first and second method, geometry parameters describe the
deformation. The third method is convenient for pump optimization, as the geometry
parameters are already being used for the classical hydraulic design. In this article, only
the third method is considered. In the next chapter, we will show the automation of the
parametric model and software tools used.

4 Automation and software

ANSYS CFX package and utilities, connected and driven by custom Python code.
This is accomplished with pre-made script templates and CFX model.

1. Based on the input parameters, data for BladeGen are prepared and inserted to
a pre-made bgi batch. Next, BladeGen is called with this batch, and input files
for TurboGrid are created.

2. TurboGrid is called with another pre-made batch, and the meshes for both rotor
and stator are created.

3. In a pre-made CFX template, the original meshes are replaced with the new
ones.

4. Simulations are run on a HPC cluster. Multible flow rates can be run at once,
each set with a ccl file.

5. All necessary data are either postprocessed in CFD-Post, or extracted to text
files and analyzed with Python codes.

6. The objectives are evaluated and sent as an output.

Begin InletCurve class OPT_class:

New Segment
CurveType=Bezier

UpstreamControl=Free def ——iﬂit——CSE[f):
Begin Data activate = False
End Data
DownstreamControl=Free self.names = []
End Segment self.xlow = []
End InletCurve self.xup = []
Begin ExhaustCurve self.xdefault = []
NHew Segment self.xactive = []

CurveType=Bezier
UpstreamControl=Free

PISIT Begin Data self.names.append('Impeller_length")
par_Uutle self.xlow.append(90)

End Data )
DownstreamControl=Free self.xup.append(130)
self_xdefault._append(18@)

End Segment
End ExhaustCurve self.xactive.append(True)

Begin LeadingEdgeCurve

New Segment self.names.append( ' Impeller Hub R OUT")
CurveType=Bezier self.xlow.append(75)
UpstreamControl=Free self.xup.append(98)
Begin Data self.xdefault.append(85)
self.xactive.append(True)
End Data

DownstreamControl=Free
End Segment
End LeadingEdgeCurve
Begin TrailingEdgeCurve
Hew Segment
CurveType=Bezier
UpstreamControl=Free

Begin Data . .
self.names.append(’ Impeller Hub hold IN')
- self.xlow.append(@)

End Data

self.names.append( ' Impeller_Hub_angle_IN")
self.xlow.append(35)

self.xup.append(49)
self.xdefault.append(38.66)
self.xactive.append(True)

DownstreamControl=Free self.xup.append(25)
End Segment self.xdefault.append(13)
End TrailingEdgeCurve self.xactive.append(True)

Image 1 — example of BG template (left) and parameters definition in Python (right)

http://aum.svsfem.cz



26th SVSFEM ANSYS Users' Group Meeting and Conference 2018 SVSFEM s.r.o

The batch files for BladeGen and other softwares are created by replacing key words
in the predefined templates. If more geometry changes are necessary, other tools
(DesignModeler and Meshing, ICEM, ...) can be easily connected the same way. The
BladeGen and TurboGrid has been chosen, because it is fast, easy to control and
compatible with the hydraulic design practice. TurboGrid is also very robust tool for
automatic creation of structured meshes for turbomachinery. This is a key factor for the
quality of the numerical simulations. In the next chapter, a parametric model of an axial
pump is shown.

5 The pump and the parametric model

The pump is axial, rated for specific speed n, = 680. There are 5 blades of the
impeller and 6 blades of the diffuser. The CFX model is fully transional, with 180 timesteps
for one impeller revolution. Cavitation has not been considered to limit computational time
to manageable level. There are four mesh volumes: inflow part, impeller, diffuser and
outflow part with an elbow. The inflow and outflow parts are prolonged to ensure better
numerical stability.

>
&
N

ROTATING
SHAFT

ROTOR

E=>>  INFLOW

Image 2 — Image description (10 pt., regular, centered)

In the parametric model, only the impeller and diffuser parts are being changed. The
inflow and outflow meshes are kept the same for each design. However, they need to be
moved in CFX-Pre in case the length of the other meshes changes. The geometry
parameters were decided like this:

1. Meridional shape: Impeller input and diffuser output had to stay fixed to connect
to the remaining meshes. Lengths of both rotor and stator parts can change.
Rotor shroud is a part of a circle with a centre on the rotational axis, thus the
radius depends on rotor length. Stator hub and shroud are straight lines. Rotor
hub is defined by five parameters. Input and output angles, lengths for which the
angles are hold and an offset. The start and end points are taken, prolonged in
a direction defined by the angle and connected with a spline. Then the offset is
applied (in a normal direction) to the spline and a new spline is generated.

2. Blade leading and trailing edges: For both rotor and stator, the edges are defined
by relative positions (from 0 to 1) on hub and shroud, and an offset (from a
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straight line) in the middle. Diffuser trailing edge is of a cut-off type, for the other
ellipticity ratio is defined on each layer. The so-called swept-angles are also set
for each layer.

Image 3 — Meridional sections for lowest and highest parameter values

3. Blades: For both rotor and stator blades, beta angle distributions are defined on
each layer. There are three layers for the rotor blades and two layers for stator.
The thickness profiles are fixed. Blade angles are defined by starting and ending
values, offsets at 25% and 50% of the blade length and derivative coefficients.
The 25% offset is added to the starting value (this is crucial for the pressure
genearation, i.e. head of the pump). Then these three points are connected by
a spline. Functional value at 50% is taken, and the offset it added to it. Next, a
new spline (fro the 4 points) is generated. In the last step, the start and end
derivatives of the spline are multiplied by the coefficients, and another spline,
respresenting the final beta angle distribution is generated. This is to allow for
sufficient flexibility and ensure reasonable shapes of the beta angle distributions
for all possible combinations of the parameters.

Image 4 — Beta angle distribution for different derivatives settings

In total, there are 59 parameters. Geometry and mesh creation is relatively fast —
seconds for BladeGen and up to 10 minutes for mesh generation in TurboGrid. To test the
parameters ranges and the procedures, Latin Hypercube Sampling was used to create 120
sets of parameters. Of these, only 4 failed due to low mesh quality (minimal angle below 5
degrees). As the Python codes allow for great degree of freedom, the output was
postprocessed in CFD-Post and merged with additional information. An example of the
resulting output can be seen in Image 5. It displays CFD-Post visualization of a section
through a plane, blades shape, beta angles and meridional. The initial design (grey color)
is included too. There is also a mesh info and a graph showing relative values of the
parameters. This helps with checking for geometry and mesh problems.

http://aum.svsfem.cz




26th SVSFEM ANSYS Users' Group Meeting and Conference 2018 SVSFEM s.r.o
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Imp. nodes: 1.919e+06
quality: min 22.93 , avg 64.64

Diff. nodes: 1.528e+06
quality: min 36.82 , avg 77.09  °*

Image 5 — Visualization of the pump geometry and input parameters

To decide the design performance, for each selected flow rate following criteria are
evaluated:

1. Hydraulic efficiency
2. Head, defined as Total Pressure difference between Output and Input.

3. Blade Loading, i.e. Static Pressure distribution along the impeller blades. This
can be obtained from Turbo features of CFD-Post and gives us a hint about the
cavitational performance of the pump. If the Blade Loading behaves “well”, there
is a very high chance the cavitation starts for lower NPSH when compared to a
blade with big pressure peek at the leading edge.

%
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Image 6 — visualization of Blade Loading (down). The upper graph displays efficiency, red dot
shows actual timestep.

In the last chapter, we conclude and discuss the results.
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6 Conclusion

The combination of Python codes and ANSYS can easily produce a complex
parametric model. The main advantage is the fact that Python is easy to learn and easy to
code, and at the same time, it is possible to use all the features ANSYS can offer. It is also
possible to perform various analyses of output data and tailor graphical outputs and reports
precisely to specific needs and demands. And just by changing the parameters’ definition,
it is possible to create a parametric model for completely different pump. This level of
freedom is granted by the possibilities offered by BladeGen and TurboGrid. Last but not
least, in Python it is very easy to have a strict control over the geometry parameters. In the
near future, this parametric model will be used for a thorough surrogate assisted multi-
objective optimization with a K-RVEA method. However, such optimization is inevitably very
challenging due to the number of geometry parameters and objectives (three for each flow
rate, at least three flow rates are required for obtaining good hydraulic characteristics of the

pump).

It is debatable whether the other mentioned options for geometry parametrization
(mesh deformation and geometry deformation) would be a better option. These methods
are fairly popular, relatively easy to implement, and can easily scale the number of the
parameters for better description of local changes to the geometry. The approach described
in this article is probably more difficult to use. Its major advantage lies in the fact it is based
on the classical method of hydraulic design. This means it works with parameters that are
well known to all hydraulic designers. Thanks to this, it is very easy to understand the
meaning of the parameters and to obtain and interpret additional information about the
optimal geometry. For these reasons, we will continue to use the Python codes combined
with ANSYS in the future.
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STUDIE TOPOLOGICKE OPTIMALIZACE KONZOLY LETOUNU

JURAJ HUB, DOMINIKA STOLAROVA
Univerzita obrany, Brno, Ceska republika

Abstract: The article presents the case study on the airplane air brake bracket topology
optimization in order to save the weight and using of 3D printing production. First it is
introduced the concept of using 3D printing and topology optimization in aircraft structures.
Next, the shape of duralumin material Al 2024 bracked CAD model is modified for the
purpose of reduction of the stress concentration due to the prescribed static load. The
topology optimization using ANSYS Workbench 18.1 reduces the weight of the modified
bracket by 50 %. The optimized CAD model of the bracket is than drawn manually following
the optimized shape as a result of topology optimization. The bracked is finally verified using
stress-strain analysis and checked on buckling. The optimized bracked saves the weight by
31 % in comparison to the origin airplane bracket. Recommendations are proposed.

Keywords: bracket, air brakes, airplane, topology optimization, 3D print

1 Uvod

Pro letecké konstrukce je typicka snaha uspory materialu s cilem snizit hmotnost
letounu. Uspora hmotnosti pfinasi moznost zvyseni uziteného zatiZzeni nebo zlep$eni
letovych parametr(i jako jsou dolet, vytrvalost, rychlost letu, spotfeba paliva nebo snizeni
emisi. Jednou z modernich technologii, ktera muze pfinést Usporu hmotnosti letadla v
rozmezi 4 — 7 % je dle (Methalab, 2015) 3D tisk. 3D tisk je laické oznaceni technologie tzv.
aditivni vyroby, pfi niz vznika vysledny produkt postupnym nanasenim stavebniho materiélu
po velmi tenkych vrstvach, které se vzajemné spojuji napf. tavenim nebo lepenim (3D-TISK,
2013). Tato technologie umoZnuje snizit hmotnost prvku tim, Ze Ize vyrobit libovolny, tedy i
hmotnostné& optimalizovany tvar, ktery neni mozné nebo neni rentabilni vyrobit bézné
pouzivanymi technologiemi.

Clanek predklada studii hmotnostni optimalizace konzoly brzdicih $tit(i letounu
L-39ZA (obrazek 1) pro ovéfeni vyuziti 3D tisku a topologické optimalizace. Obé kategorie
jsou pfedstaveny a nasledné je popsan také feSeny problém. Cilem je optimalizovat konzolu
pro zadané statické zatizeni tak, aby byla schopna pfenést zatizeni pusobici na puvodni
konzolu se stejnou nebo vy3Si odolnosti definovanou napjatosti a deformaci za pfedpokladu
stejnych materialovych charakteristik puvodniho a 3D tiskem vyrobeného materialu.

Obrazek 1 — Letoun L-39ZA (zdroj: http://I-39.¢cz/L-39_uzivatele.html)

http://aum.svsfem.cz
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1.1 Technologie 3D tisku

3D tisk pro vyrobu vyuziva 3D tiskarnu a material pro vyrobu prvkd, pficemz Ize
v zavislosti na druhu tiskarny tisknout naraz s vice materialy, napf. rizné barvy stejného
materialu nebo rizné druhy materiala (napf. skelny kompozit). Materidlem jsou zejména
plasty a kovy (slitiny oceli, hliniku, titanu, slitiny na bézi niklu, kobaltu, wolframu), pfi¢emz
s ohledem na tvar nebo dutiny se pouziva u nékterych technologii také podpurny material,
ktery se po vyhotoveni prvku odstrani.

Principt vyrobnich procest 3D tisku je podle (STOLAROVA, 2018, NORMA, 2015)
sedm - vytlaCovani materialu, nanaseni tryskanim, tryskani pojiva, laminace plastq,
fotopolymerizace, spékani pradkové vrstvy a pfimé energetické nanaseni, pficemz kazdy
proces je vhodny pro urcity druh materialu a pouziti prvku.

3D tisk se vyuziva primarné pro prototypovou, kusovou nebo malosériovou vyrobu.
Mezi hlavni vyhody technologie 3D tisku lze fadit rychlost a flexibilnost vyroby od
pocate€niho navrhu po vyrobeny kus a také moznost vyrobit libovolny tvar prvku. K hlavnim
nevyhodam patfi rozptyl mechanickych vlastnosti a moznost zneuziti v pfipadé vyroby
padélkd (neautorizovana vyroba kopii dél) nebo zbrani (STOLAROVA, 2018).

1.2 Topologicka optimalizace

Topologicka optimalizace feSi zakladni otazku konstruovani, jak nejlépe rozmistit
material ve stanovené oblasti a za stanovenych podminek s cilem dosahnout nejlepsich
strukturalnich vlastnosti (SIGMUND, 2013, STOLAROVA, 2018, ANSYS, 2018). Koncept
topologickeé optimalizace byl vytvofen primarné pro problémy mechaniky, ale rozsifil se do
Sirokého spektra jinych fyzikalnich oblasti, jako jsou proudéni, akustika,
elektromagnetizmus, optika a jejich kombinace.

Z matematického hlediska je zakladni Ulohou topologické optimalizace nalezeni
takového rozmisténi materialu, které minimalizuje ucelovou funkci. Ugelova funkce
zahrnuje Fadu kritérii, které zaruCuji funkénost optimalizované konstrukce, napf. kritéria
objemu, zatizeni nebo podpory. Z hlediska vypoctu se jedna o iteracni postup a vysledkem
byva pro strukturalni analyzy nejCastéji zadana uspora hmotnosti konstrukce, kterou je
nutné nasledné kontrolovat. Praktickou realizaci topologické optimalizace, jejiz vysledkem
mohou byt rizné komplikované tvary optimalizované konstrukce, umozriuje pravé 3D tisk.

1.3 Vyuziti 3D tisku a topologické optimalizace v letectvi

S ohledem na pozadovanou Usporu hmotnosti i neobvyklych tvart se technologie
3D tisku jiz vyuziva i v letectvi a to v draku letounu, v oblasti motord a v interiéru.

V oblasti draku letounu je 3D tisk vyuzit pro titanovou konzolu pylonu motoru letounu
A350 XWB a kovové konzoly v kabiné a drenazni trubky u letount A320neo a A350 XWB
(CAUJOLLE, 2017). Kovova slitina byla pouzita také pro trupovou pfepazku oddélujici
prostor pro cestujici od kuchyné v kabiné letounu A320 s hmotnostni Usporou 45 %,
pficemz s ohledem na minimalizaci hmotnosti byl ve vyvoji pfepazky vyuzit generativni
design inspirovany pfirodou (AUTODESK, 2018).

V oblasti motor( patfi mezi pouzivané aplikace prvky palivové soustavy, statorové
lopatky, lopatky turbin, specialni komponenty jako jsou sondy pro méfeni rychlosti a teploty
v turbomotorech (EOS, 2018-2), nebo boroskopické kontrolni otvory pro nizotlaké turbiny
(ECS, 2018-1).

V pfipadé interiéru byly pouzity dily vyrobené pomoci 3D tisku v podobé krytu
videomonitoru v kabin& dopravnich letoun(i s hmotnostni Gsporou 9 - 13 % (SMEJCKY,
2017), dale v systému klimatizace — ventilaéni mfizka kabiny dopravnich letounu
(SMEJCKY, 2017) a potrubi ve vrtulnicich firmy Bell s hmotnostni Gsporou 13 %, navic se
snizenim poctu vyrabénych dild (STRATASYS, 2017).
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1.4 Hmotnostni optimalizace konzoly

Pfedmétem &lanku je studie hmotnostni optimalizace konzoly brzdicich §titd letounu
Aero L-39ZA, ktery byl vyrabén v ruznych verzich v letech 1971-1997 v Ceské republice a
dodneska léta vice jak ve 30ti zemich celého svéta véetn& Armady Ceské republiky
(HANCAR, 2018).

Konzola se nachazi ve spodni ¢asti kfidla letounu a spolu s mens&i konzolou slouzi
k uchyceni brzdiciho §titu, ktery se vysunuje pomoci pracovniho valce hydraulické soustavy
smeérem dolu, viz obrazek 2. Letoun ma dva brzdici Stity. Zatizeni na konzolu plsobi
prostfednictvim Cepu v otvorech vidlice konzoly a na tomto &epu je pomoci kulového loZiska
uchycen nosnik brzdiciho Stitu. Na pfednim konci nosniku je uchycen pracovni valec.

; = 2 y L
Obrazek 2 — Konzola brzdiciho stitu na spodni strané kfidla letounu L-39ZA (zdroj: autor)

2 Analyza konzoly

Nejdfive je vytvofen CAD model konzoly, poté je model analyzovan v prostiedi
ANSYS pro dané zatizeni a nasledné hmotnostné optimalizovan.

2.1 Model konzoly

Model konzoly je vytvofen pomoci SW Autodesk Inventor na zakladé méfeni realné
soucasti, takze model je pfiblizny. Konzola a jeji model jsou zobrazeny na obrazku 3.
Konzola je spodni €asti uchycena ke kfidlu Sesti svorniky a zatizeni od brzdiciho §titu je
zavedeno do souosych otvort horni vidlice prostfednictvim €epu. Konzola je vykovek ze
slitiny hliniku 424203.6, coz je vysokopevnostni deformacné zpevnény dural s
mezinarodnim znacenim Al 2024 s mérnou hmotnosti 2780 kg/m?3. P¥iblizné rozméry jsou
220 x 70 x 90 mm a hmotnost konzoly je 618 g. Model konzoly m& objem 203,9 cm?® a
s uvedenou mérnou hmotnosti ma hmotnost 566 g, tedy o 8,4 % méné, nez konzola.

2.2 Analyza konzoly

Konzola je analyzovana v prostredi statické analyzy ANSYS Workbench 17.0. Sit' je
znazornéna na obrazku 4a, zatizeni na obrazku 4b. Zatizeni konzoly bylo stanoveno na
zakladé aerodynamického zatiZzeni pro pfistavaci rychlost letounu 195 km/h s vychylkou
brzdicich §tita 55°. Zatizeni plsobi uprostied otvoru vidlice konzoly, takze soucasti modelu
konzoly je &ep, na ktery je toto zatizeni aplikovano. Zadna dal$i zatiZeni, véetn&
dynamického nebo unavového, nejsou v této studii uvazovany. ZatiZzeni pusobi ve sméru
jednotlivych osi (obrdzek 4b): X =- 630 N, Y = 1820 N a Z = - 12680 N. Vysledky analyzy
v podobé ekvivalentniho napéti jsou zobrazeny na obrazku 5 a deformace na obrazku 6.

http://aum.svsfem.cz
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Obréazek 3 — Konzola (obsahUje kabel uKostFeni) a jeji CAD model (zdroj: autor)

A: Static Structural
Farce
Time: 1,5

I Forces 12825 1
Components: -630,:1820,;-12680 W

80,00 {rmmy 000 60,00 ()
40,00 30,00

a) b)
Obrazek 4 — Sit modelu konzoly (a) a jeji zatizeni (b)
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Obrazek 5 — Ekvivalentni napéti modelu konzoly
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Obrazek 6 — Deformace modelu konzoly ve sméru osy X (a), Y (b)a Z (c)

Vysledky analyzy ukazuji na dostatecnou schopnost konzoly pfenaset dané zatizeni
a moznost hmotnostni redukce. Mez kluzu pouZitého materialu konzoly je 324 MPa, mez
pevnosti 469 MPa, modul pruznosti 73,1 GPa, Poissonovo Cislo 0,33 (ALUMINIUM, 2018),
Cep je ocelovy. Koncentrace napéti je v misté pfechodu svislé stény do vodorovné zakladny
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konzoly o hodnoté 240 MPa pro pouzitou sit; toto zvySené namahani je zpusobené
zatizenim ve sméru osy X, kde se nachazi i nejvétsi deformace konzoly (Xmax = 0,34 mm,
Ymax = 0,014 mm, Zmax = 0,10 mm). PFi pouziti jemnéjSi sité Ize v této oblasti pfedpokladat
dal$i narast napéti. Proto je tvar modelu konzoly upraven.

2.3 Uprava tvaru konzoly

S ohledem na planovanou hmotnostni redukci, ktera je predmétem ¢lanku a u které
Ize pfedpokladat, Ze konzolu zeslabi, jsou pfidana Ctyfi vyztuzna zebra, ktera koncentraci
napéti i pfedpokladané zeslabeni konzoly zachyti. Upravena je také spodni ¢ast konzoly v
oblasti zaobleni. Topologicka optimalizace totiz material nepfidava, pouze ubira. Model
upravené konzoly pro Ucely topologické optimalizace je na obrazku 7. Snahou je docilit
hmotnostni redukci i pfes nartist hmotnosti v disledku uvedenych Uprav.

Obrazek 7 — Model upravené konzoly, objem je 217,1 cm? (narlst 0 6,5 %)

Ekvivalentni napéti v oblasti Zebra upravené konzoly bylo t€émito upravami snizeno
ve srovnani s modelem konzoly na hodnotu 100 MPa, deformace ve sméru osy X a Z byla
snizena na pfiblizné polovinu (Xmax = 0,16 mm, Zmax = 0,057 mm) a ve sméru osy Y zUstala
deformace pfiblizné stejna (Ymax = 0,013 mm). Objem modelu upravené konzoly narostl o
6,5 %. PFi upravach konzoly je nutné respektovat pfistupnost otvort zakladny konzoly kvdli
montazi konzoly pomoci svornikd, matic a podlozek ke kfidlu letounu.

3 Hmotnostni optimalizace konzoly

Za ucCelem dosazeni hmotnostni redukce konzoly je provedena topologicka
optimalizace s vyuzitim SW ANSYS 18.1. Nasledné je model optimalizované konzoly
kontrolovan s ohledem na napjatost a deformace plvodni konzoly a provedena je rovnéz
kontrola na ztratu stability.

3.1 Topologicka optimalizace konzoly

Topologicka optimalizace byla provedeny v prostfedi ANSYS Workbench 18.1. Za
ucelovou funkci (Response Constraint) je zvolena hmotnost s pozadovanou redukci 50 %
a oblasti vyjmuty z optimalizace (Exclusive Region) jsou vSechny okrajové podminky -
valcové plochy Sesti otvorli pro uchyceni konzoly ke kfidlu a dva otvory oka vidlice pro
uchyceni ¢epu. Pro ucely topologické optimalizace bylo nutné zrusit okrajouvou podminku
opfeni spodni €asti konzoly o kfidlo (Compression Only Support), ktera byla ve statické
analyze pouzita také. Na obrazku 8 jsou vysledky pro model upravené konzoly pro
hmotnostni redukci 50 %.

Optimalizovany model konzoly z topologické optimalizace Ize pro dalSi analyzy
vyuzit, ale je nutné upravit jeho povrch, ktery je kromé jiného také uréen pouzitou hustotou
sité. V pripadé této studie byla pouzita sit u véech modelt s velikosti elementt 3 mm. Cim
jemnéjsi sit, tim hlad$i model, ale na druhou stranu to klade vy3si poZzadavky na HW. V
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kazdém pfipadé jsou tyto upravy pomérné zdlouhavé, proto je pro ucely této studie zvolen
rychlejSi postup, kdy je model upraven “ru¢né” podle vysledk topologické optimalizace. Na
obrazku 9 je takto upraveny optimalizovany model konzoly.

Obréazek 8 — Vysledek topologické optimalizace konzoly s hmotnostni redukci 50 %

Obrazek 9 — Optimalizovany model konzoly, objem 140,2 cm? (redukce o 31,2 %)

Optimalizovany model respektuje zakladni tvary topologické optimalizace. Vysledny
tvar konzoly neni symetricky a jeden otvor pro uchyceni konzoly ke kfidlu neni vibec
potfeba. Uvedeny model pocita z hlediska uchyceni s dokonale tuhym podkladem, tedy
kiidlem a tak stfedni spodni &ast konzoly neni pro pfenos zatizeni rovnéz potieba.
Optimalizovana konzola ma objem 140,2 cm?, takZe redukce objemu a tim padem i
hmotnosti je 31,2 % vzhledem k modelu konzoly. Vzhledem k modelu upravené konzoly ma
optimalizovany model konzoly redukci objemu 35,4 %. Nasleduje verifikace, tedy pevnostni
kontrola optimalizované konzoly.

3.2 Verifikace optimalizované konzoly

Vysledky verifikace, kdy byl optimalizovany model konzoly analyzovan stejnym
zpusobem, jako v pfipadé modelu konzoly nebo modelu upravené konzoly, jsou na obrazku
10 pro ekvivalentni napéti a na obrazku 11 pro deformace v jednotlivych smérech.

Nejvétsi ekvivalentni napéti von Mises vychazi v oblasti spojeni €epu s otvory vidlice
a ma hodnotu 147 MPa, viz obrazek 10 a,d. Tomuto uzlu a jeho pfesnéjSimu modelovani
bude potfeba v budoucnu vénovat pozornost.
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Obrézek 10 — Ekvivalentni napéti optimalizované konzoly
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Obrazek 11 - Deformace optimalizované konzoly ve sméru osy X (a), Y (b) a Z (¢)

V oblasti zebra je maximalni napéti 106 MPa (obrazek 10b), coz je hodnota o 56 %
niz8i, nez u modelu konzoly (obrazek 5) a 0 6 % vy3si, nez u upraveného modelu konzoly
(kapitola 2.3). Maximalni deformace optimalizované konzoly maji hodnoty Xmax = 0,178 mm,
Ymax = 0,017 mm, Zmax = 0,063 mm. Ve srovnani s modelem konzoly méa optimalizovana
konzola na zakladé provedené analyzy pfiblizné poloviéni hodnotu deformace ve smérech
X a Z a ve sméru Y je deformace obou konzol srovnatelna (viz kapitola 2.2). Lze tedy
konstatovat, Ze optimalizovana konzola splnila zadani s dostate€nou rezervou, protoze
napjatost a deformace optimalizované konzoly je nizsi nez hodnoty modelu konzoly a byla
dosazena vyznamna, pfiblizné jednotfetinova, uspora hmotnosti. Porovnani hodnot
jednotlivych modell je v tabulce 1. Ekvivalentni napéti je uvazovano v misté Zebra.

Tabulka 1 Porovnani vysledkl feSenych variant konzoly
Varianta Objem Ekv. napéti | Def. Xmax | Def. Ymax | Def. Zmax
Model konzoly 203,9cm® |240,8 MPa  [0,34 mm [0,01 mm |0,10 mm
Upraveny model konzoly | 217,1 cm® |100,0 MPa |0,16 mm |0,01 mm |0,06 mm
Optimalizovany model k. | 140,2 cm® {106,1 MPa |0,18 mm |0,02 mm |0,06 mm
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3.3 Analyza ztraty stability optimalizované konzoly

Analyza ztraty stability (Eigenvalue Buckling) byla provedena za ucelem ovéreni,
jestli optimalizované konzole, ktera je ve srovnani s modelem konzoly subtilngjSi, nehrozi
tato porucha. Tato analyza vyuziva simulaéni model statické strukturalna analyzy a
vysledkem je kromé tvaru mozni ztraty stability také nasobek zatizeni (Load Multiplier), pfi
takze optimalizovana konzola vyhovuje s dostate¢nou rezervou i z hlediska ztraty stability.
Vysledky pro prvni dva médy jsou na obrazku 12.

B: Eigenvalue Buckling
Total Deformation
Type: Total Defarmation
Load Multiplier: 57,298
Unit: mm

B: Eigenvalue Buckling

Total Deformation 2
LN Type: Total Defarmation
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011221
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1,011 Max
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0,78631
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044032
033629
022466
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0 Min

Obrazek 12 — Vysledky analyzy ztraty stability pro prvni dva médy
4 Zavér
Vysledkem studie je optimalizovana konzola brzdicich &titu s vyznamnou usporou
hmotnosti o hodnoté 31 % vzhledem k puvodni konzole. Pravé snizovani hmotnosti prvki
letadel je jednim z prioritnich poZadavkl na letecké konstrukce. Z hlediska daného
statického namahani optimalizovana konzola vyhovuje, protoZze na zakladé analyzy
uvedené v ¢lanku, ma nizSi hodnoty napjatosti a deformaci, nez plivodni konzola. V pfipadé

vyroby je mozné tuto konzolu vyrobit pomoci technologie 3D tisku, které se stéle vic vyuziva
i v letectvi, z ekvivalentniho materialu jako ma pavodni konzola,.

Optimalizovana konzola ma dostateC¢nou rezervu pro dané statické zatizeni pro dalSi
optimalizaci, takZe pfedlozena varianta nemusi byt koneCnym feSenim také s ohledem na
absenci dynamického a unavového zatizeni, které v této studii nebyly zohlednény.
Opravnénost predlozeného postupu analyzy a vysledku ovSem plati za predpokladu, ze
materialové vlastnosti puvodni konzoly vyrobené kovanim jsou shodné s charakteristikami
materialu vyrobeného pomoci 3D tisku, coz v praxi pfili§ neplati. Pravé oblasti ovéreni
materialovych charakteristik pfi rizném druhu vyroby 3D tiskem a zatizeni se doporucuje
vénovat v budoucnu pozornost a nasledné konzolu nebo jeji material experimentalné ovéfit.

Pro dalsi feSeni se také doporuc€uje opakovani procesu topologické optimalizace
pomoci SW ANSY'S pro dalSi sniZzeni hmotnosti konzoly, pouZiti pfesnéjSiho geometrického
modelu konzoly stanoveného napf. 3D skenovanim, jemné&jsi sit, nebo dalSi mozZnosti
odleh&eni optimalizovaného modelu napf. pomoci pfihradové struktury (Lattice).

ZkuSenosti s predlozenou topologickou optimalizaci konzoly letounu L-39ZA s
moZznosti vyroby pomoci 3D tisku budou vyuZity pro podporu vyvoje konzoly brzdicich stitu
nového letounu L-39 NG (STOLAROVA, 2018).
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NUMERICKA ANALYZA PERIODICKE STRUKTURY V GHZ PASMU

TOMAS KRIZ, PETR DREXLER, RADIM KADLEC

Ustav Teoretické a experimentalni Elektrotechniky,
Vysoké uceni technické v Brné.

Abstract: The article presents results of numerical modelling of planar resonators arrays
designed for GHz frequencies. In order to achieve response in the GHz region of the
electromagnetic response, the partial resonator components of the array collapsed in to the
dot-like structures. The dot structures were examined. Mainly the circle shape resonators
seem to be promising for simplified fabrication by micro-structuring technology.

Keywords: Periodic resonant structures, metamaterial, ANSYS HFSS

1 Uvod

V poslednich nékolika letech se projevuje velky zajem o vyzkum periodickych
rezonancénich elektromagnetickych struktur, které se skladaji z kovovych a dielektrickych
prvkd. Tento novy smér byl umoznén diky pokroku ve vyzkumu metamaterial(. Vyzkumem
metamateriald bylo umoznéno ziskat vlastnosti materiald, které se standardné nevyskytuji
v pFirodé. Diky vnitfnimu usporadani struktury metamateridlu, lIze dosahnout novych
elektrickych, magnetickych nebo optickych vlastnosti. Vhodné zvolenou periodickou
strukturou Ize doséhnout zaporné permitivity nebo permeability. Pro ziskani zaporného
indexu lomu Ize pouzit periodickou strukturu kovovych metamaterialt, které svym
usporfadani umoznujici prichod svétla. Takto uspofadana rezonanéni struktura ovlivriuje
vztahy mezi elektrickym polem, magnetickym polem a tokem svételného zareni. Pouziti
struktury s urCitym indexem lomu umozfiuje ziskat metamaterial, u néhoz nastava
rezonanéni chovani dielektrické permitivity. Tato rezonanéni struktura ma na rozdil od
kovovych metamateridli zanedbatelnou absorpci. Svétlo neni touto strukturou odrazeno,
ale ani neabsorbovano, ale dochazi k opacnému (zapornému) lomu paprsku.

V soucCasné dobé je vyzkum zamérfen na oblast metamaterialovych rezonancnich
struktur, které jsou slozeny z dil€ich rezonanénich segment. U téchto rezonanc¢nich
struktur je zkoumana (pozorovana) spektralni odezva, kterd je dana superpozici
jednotlivych rezonan&nich segmentd. Kazda z téchto rezonancénich struktur mize byt
naladéna na jiny kmitoCet. Planarni rezonancni struktury slozené z kovovych a
dielektrickych ¢asti vykazuji zakladni rezonancni kmito¢et. Tento kmitocet je dan rozméry
kovové rezonanéni struktury (pouzitého tvaru rezonatoru) a dielektrickou konstantou
pouzitého substratu. Tyto planarni rezonancni struktury rezonuji nejen na zakladnim
rezonancnim kmitocCtu, ale vykazuji i vy8Si rezonanéni kmitoCty. Tyto rezonance odpovidaji
ladéni kazdého rezonatoru [1-4].

2 Popis numerického modelu

Planarni rezonancni struktura je sloZena z jednotlivych segmentud, které jsou
usporadany do matice m x m prvk(. Pro numerickou analyzu periodické rezonanéni
struktury byl vytvofen numericky model jednoho segmentu, tento segment je na obr. 1.
Model segmentu byl vytvofen v programu Ansys HFSS. Modelovany segment je sloZen
z kovového motivu, ktery je umistén na kfemikovém substratu. Rezonanéni motiv ma tvar
kruhu prdmeéru D = 500 um a tloustkou 50 um. Pro kovovy rezonanéni prvek bylo zvoleno
zlato, které ma mérnou elektrickou vodivost o = 41 MS/m. Modelovany segment
kfemikového substratu ma ¢étvercovy prufez s rozméry a = 1.000 um s tloustkou 675 pum.
Relativni permitivita kfemikového substratu je e, = 11,9.
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Obrazek 2 - Modelovany rezonanéni segment

Rezonanéni struktura je ozafovana rovinnou linearné polarizovanou vinou.
Ozarovany vykon elektromagnetické viny byl zvolen jako jednotkovy tj. 1W. KmitoCet
elektromagnetické viny byl rozmitan od 50 GHz do 150 GHz. V tésném okoli rezonanéniho
segmentu bylo vytvofeno vzduchové okoli, obr. 2. Pro buzeni elektromagnetické vinu
a vyhodnoceni vysledkl byl definovan vstupni a vystupni port na koncich vzduchového
okoli. Elektromagneticka vina se Sifi ve sméru osy z. Vzhledem k tomu, Ze je modelovan
pouze jeden segment rezonanéni struktury, je nutno zadat vhodné okrajové podminky pro
zajisténi této symetrie.

vzduch Si zlato

S

X
smér postupné viny
y
Pk z

Obrazek 3 - Kompletni geometricky model v€etné vzduchového okoli

Okrajové podminky byly zadany na vnéjsi stény vzduchového okoli. Na stény
rovnobézné s rovinnou yz byla zadana okrajova podminka dokonaly elektricky vodi¢ PEC.
Tato okrajova podminka zajiStuje kolmost vektoru intensity elektrického pole k této ploSe.
Na stény rovnobézné s rovinnou xz byla zadana okrajova podminka dokonaly magneticky
vodi¢ PMC. Tato okrajova podminka zajiStuje kolmost vektoru intensity magnetického pole
k této ploSe. Zadané okrajové podminky jsou na obr. 3.

I PEC

X

y4 ]
ralngy PMC i

Obréazek 4 - Zadané okrajové podminky

3 Vysledky numerického modelu

Vyhodnoceni rezonan&nich kmito€td bylo provedeno pomoci s-parametra ziskanych
pomoci vstupniho a vystupniho portu. Byl byla sledovana hodnota parametru si1 a Soi.
Pokud dochazi na daném kmito&tu k rezonanci parametr s11 se blizi k 0 dB a parametr s
nabyva minimalni hodnot. Rezonanéni strukturu lze pfirovnat k pasmové zadrzi. Na obr. 4
je vynesena zavislost s11 a sz1 na kmitoctu. Z grafu Ize odecist rezonanéni kmitocty. Prvni
tfi rezonance jsou na kmito¢tech 95,4, 101,6 a 120,5 GHz.
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Obréazek 5 - Zavislost s11 a s22 segmentu na kmitoCtu

Na obr. 5 — 7 je zobrazeno rozlozeni modulu intenzity elektrického pole E a modulu
intenzity magnetického pole H pro prvni tfi rezonanéni kmitocty.

E Field [¥/m] H Field [A/m]
1, BODZE+EES 3. 36B4E+B0Z
9. 412584004 5. 170484202
8, 2375E+EEY 2, 7743E+282
7. 6500E+0R4 2.5762E 002
7. 6258204 2.53782 202
6. 475BE+E8Y 2.18B2E+E92
5. 8874EEEN 1.982164282
5. 2099E+B8Y 1. 7841E+282
4. 7L24ERDRY 1,5860E+282
4. 12498428 1.3880E 202
3, SETHE+EEY 1. 1998E+E82
2. 9433E 004 9.913364201
2. 362454204 7.9389E201
1, 77HIE+EEY 5. 9555E+281
1. 1674EwDRY 3.9782E 291
5. 998764883 1.9978E 4201
1, zas4ErER2 1.7371E-291

0 450 900 (um) 0 450 900 (um)

Obréazek 6 - Rozlozeni modulu E a H na segmentu pro f = 95,4 GHz

E Field [v¥/m] H Field [A/m]
5. 0008E s204 1. ova0E002

. 7. 5301 se04 l 3. 41o0E 081
7. B6A3E+B0Y 8, 824QE+QAL
6. 59A4E +B04 8. 2360E+0A1
6. 1266E +20Y4 7. B480E+0A1
5. B5A7E+BA4 7. BE0AE+Aa1
5. 1805E +004 E. 4721E+2@L1
4. 7110 va04 5. sou1e a0t
4 2411 404 5. z9s1eva01
5. 7715 1a04 4. 7apLE 001
3. 3014E+BOY4 4. 1201E+0@1
2. 8315¢ 4a04 3. 32t 001
2. 3817 4a04 2. swwiewon
1,891B8E+20Y4 2.3561E+@@1
1, 4219E+20Y4 1,7681E+0@L
9., 5289E+803 1,1801E+2@L
4. 6202€ 4603 5 s215e4a00
1. 2364E+B02 4. 1575E-002

C C
450 900 (um) 0 450 900 (um)

Obrazek 7 - Rozlozeni modulu E a H na segmentu pro f =101,6 GHz

E Field [v/n] 2 W Field [A/m]

5.00B0E+002
4. 7059E @02
4. 4118E+E02
4. 1177E+002
3.8236E4002
3.5205E+002
3.2354E4007
2. 94164002
2.8473E4002

2, EEO0E+E8
1.8831E+004
1.7662E+08%
1, B492E+08

1,5323E+084
1.4154E+004
1.2985E+08 4
1,1816E+081%
1.@646E+004

9.4772E+005 2.3532E4002
8. 3BB0E+005 2,0591E+002
7.1388E+003 1.7650E4002
5. 9838E+E03 1,4709E+802
4. BERHE+DES 1.1768E+202
3,5312E+085 8.8270E+@0L
2.4620E+083 5. 8960E+001
1.2928E4005 2. 9451E4E0L
1.2364E+082 4. 1575E-802

0 450 900 (um) 0 450 900 (um)
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Obrazek 8 - Rozlozeni modulu E a H na segmentu pro f = 120,5 GHz

Rezonan¢ni segment Ize preladit na jiny rezonanéni kmitoCet napfiklad zménou
rozmérd nebo tvaru kovové &asti rezonatoru. Pro ukazku zmény rezonancniho kmitoctu
jednoho segmentu byla provedena parametricka analyza ve které byl mé&nén polomér
zlatého kruhu od 200 um do 300 um s krokem 50 um. Vysledky parametrické analyzy jsou
na obr 8. V grafu je vynesen pouze parametr sy; pro prvni dva rezonanéni kmitoCty. Se
zvétSujicim se polomérem kruhu roste i rezonanéni kmitocet.

XY Plot 4 00b_model_zjednoduseny
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Obrazek 9 - Zavislost parametru s21 segmentu na kmito¢tu pro parametrickou analyzu
4 Zavér

Byla provedena numericka analyza jednoho segmentu periodické rezonanéni
struktury. Pro modelovany segment byly uréeny rezonancni kmitolty. Bylo ukazana

moznost naladéni segmentu zménou rozmérd. Kombinaci segmentld naladénych na rizné
rezonancéni kmitodty Ize ziskat strukturu se zakdédovanou informaci ve spektralni oblasti.
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Abstract: At present, the evolution of numerical and experimental methods help us to better
understand and study the wind effects on structures. The present study focuses on the
numerical prediction of the wind effects on complex buildings as a preliminary before the
experiment in Boundary Layer Wind Tunnel in Bratislava. Evaluated and calibrated
numerical model with experiment is used for preliminary wind analysis. It helps us to
understand the critical zones and effects which occur in the flow around complex buildings
in real urban structure. According to preliminary numerical wind analysis it was chosen the
critical zones where it was used the pressure taps and Irwin probes for the accurate analysis
of the wind effects. The preliminary numerical model show us zones where the wind effect
is major and reduce the measuring time and probes in wind tunnel.

Keywords: preliminary numerical simulation, computational fluid dynamics, turbulence
model, atmospheric boundary layer, boundary layer wind tunnel

1 Introduction

Computational Wind Engineering (CWE) is based on Computational Fluid Dynamics
(CFD). CFD is being used to study properties of natural wind in the lower part of the
atmospheric boundary layer (ABL) (0 — 200 m). The most important parameter during flow
in boundary layer on the surrounded surface is Reynolds number. At the certain value it
occurs to turbulence. Correct definition of the turbulence is difficult. Better express of
turbulence is as a list of properties and attributes. It contains diffusivity, vorticity,
randomness, scale spectrum, 3D structure, dissipation and non — linearity. Comprehensive
reviews have been published (Stathopoulos, 1997; Reichrath and Davies, 2002; Blocken
and Carmeliet, 2004).

Correct simulation is obtained with accurate and reliable predictions of atmospheric
processes. Flow profiles are characterized by mean wind speed and turbulence quantities
at the inlet zone of the computational domain. These profiles can be representative of the
roughness characteristics of the upstream terrain. Roughness of the approach terrain is
included in the computational domain for better catch of the ABL.

For accurate results from simulation it is necessary to achieve the similarity of the
ABL and measuring models. Our study is focused on using the calibrated numerical model
(Franek et al., 2016) as a preliminary wind analysis. Numerical model was used for wind
analysis of designed future complex of buildings. Boundary conditions and numerical model
will be explained in following paragraphs.

For numerical and experimental analysis it was used complex of real designed area
of city. It was modeled the adjacent construction and buildings to estimate real flow patterns
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around buildings. The main goal for CFD simulation was to determinate critical wind
direction and zones for external pressure and pedestrian wind comfort.

2 Applied methods for numerical simulation

For the solution of our problem we choose finite volume method implemented under
program ANSYS Fluent (Ansys, 2017). Fluent offers several turbulence models. All
computations were ran as pressure-based, steady, without production limiter. From solution
methods was used SIMPLE pressure-velocity coupling scheme with second order spatial
discretization, for transient formulation was used second order implicit method. Solution
was initialized with hybrid initialization with default setting.

2.1 Turbulence model

For our computation it was chosen RANS model SST k — w model. The k — w model
incorporates modifications for low-Reynolds number effects, compressibility, and shear flow
spreading. The sensitivity of the solutions to values for k and w outside the shear layer were
improved. The first transported variable is turbulent kinetic energy k. The equation for
solving is formulated as

ok oku, ou; . 0 « ok
—+ — - ko+—|v+0o UTax—.

ot 0ox OX; OX; j )
The second transported variable is the specific dissipation w. The equation is characterized
as

ow Owu; g oy , O ok

—+ =a—1;,— —po°+_—|v+tovo; —|

ot X k 7 0, OX; OX;

(2)

where 8, ¢°, a, f and o are empirical constants.

2.2 Computational domain

The size of the computational domain was created according to maximum value of
blockage ratio, which is maximum 3 % (Franke et al., 2007; Tominaga et al., 2008). In our
case it was 2 x 1.6 x 0.8 km3 (L x W x H). The distance from the investigated models to the
inlet, sides and top of domain boundaries is at least eleven times bigger, according to
Franke et al. (2007) and Tominaga et al. (2008).

In our computational domain, generally three different region can be significant as it
is illustrated in Image 1. First zone is central where the actual obstacles (buildings,
construction, etc.) are modelled explicitly with their geometrical shapes. Second and third
zones are the upstream and downstream region, where the obstacles are modelled
implicitly, their geometry is not included but their effect on flow is modelled in terms of
roughness (Blocken et al., 2007).

2.3 Computational grid (Mesh)

It was created mesh with size function set on distance using polyedral elements.
The element size on surface of the invested building was 1 m with soft behaviour using
curvature function and inflation for these surfaces was applied with 5 layers with the height
of the first layer 0.4 m. The element size on surfaces of the surrounding buildings and
entrance to the subway was 2 m with soft behaviour using curvature function. The element
size on another surfaces was 10 m with soft behaviour using distance and curvature
function. On bottom boundary was applied inflation with 5 layers with the height of the first
layer 0.4 m according to Blocken et al., (2007). It was generated 4 581 744 nodes.
Computational grid is illustrated in Image 2.
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Image 1 — Computational domain with boundary conditions

2.4 Boundary conditions
The inlet boundary conditions of the domain are defined by the vertical profiles

*

V. Z+12
v(z) = —- In . 0
0 3)
V* _ VrefK
. t+1Z
|n ref 0
, (@)

where v(z) is mean wind velocity at height z, v" is shear velocity, zo is aerodynamic
roughness length (zo = 0.7), K is von Karman constant (k = 0.42), v is the reference wind
speed.

On the surface of approach terrain and models it was applied the roughness. Due
to the fact that real buildings and structures are rough and the approach terrain too.
Application of the roughness on the approach terrain is important for fully developed ABL
and generation of the adequate turbulence. The equation of roughness height is defined as
Y -

CS

where ks is equivalent sand-grain roughness height [m], Cs is roughness
constant [m]. For our case of simulation it is recommended to use Cs equal to 1.0
(Blocken et al., 2007).
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Image 2 — IIIusfration of the coumputational grid

3 Methodology

As mentioned in previous paraghraps it was used calibrated numerical model and
overall wind analysis was processed. The step for rotating wind direction was 22.5°. After
processing the datas from numerical simulations it was evaluated the critical wind directions
and located the critical zones in terms of external pressure on facades and pedestrian
comfort. Graphical results from simulation is illustrated in Image 3. According to results from
the simulations it was known where it is suitable to use pressure taps and probes. Illustration
of the used measuring points on the facade and on the floor during the wind tunnnel
measurement is in Image 4 and 5.
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Image 4 — Model of buildings in BLWT in Bratislava
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Image 5 — Instalation of pressure taps and Irwin probes during wind tunnel measurement

4 Results from simulations

Results were the basis for the preparation of the experimental measurement and
distribution of the sampling points on the models for verifying the distribution of wind on and
around the objects. The numerical approach shows us the approximate view of the flow
field around buildings and pressure distribution on the surface of the buildings. It was
evaluated the critical wind directions and zones where the wind effects is significant. In
Image 6 it is illustrated the critical wind direction 270° and critical area with underpressure
from simulation. Then the wind analysis were focused on the more accurate quantifications
of overall pressure loads and pedestrian comfort in wind tunnel measurements.

Pressure
. 1116.760
926.722
 736.685
- 546.648
[ 356.610
‘ 166.573
[ -23.464
-213.502
-403.539
I -593.576
-783.613
[Pa]

70.00 (m})

Image 6 — Pressure distribution on surface of the model for wind direction 270°
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5 Conclusions and future works

Numerical simulation show us the overall view on the flow field around complex
buildings because it was not possible to expect the flow pattern as for isolated simple
building. Use of the calibrated and verified numerical model helps us for more accurate wind
analysis. This approach is appropriate for localization of critical zone. But the quantification
of loads and velocities is not very accurate. Therefore the simulation was used as
preliminary study. For future works we will work to improve the simulation model for better
catch with the wind tunnel experiment.
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PROBABILISTIC ASSESSMENT FOR FAILURE ANALYSE OF THE NPP HERMETIC
TECHNOLOGY SEGMENTS

JURAJ KRALIK

Faculty of Civil Engineering STU in Bratislava

Abstract: This paper describes the probabilistic nonlinear analysis of the hermetic circular
cover of main coolant pump failure due to extreme pressure and temperature. The scenario
of the hard accident in nuclear power plant (NPP) and the methodology of the calculation
of the fragility curve of the failure overpressure using the probabilistic safety assessment
PSA 2 level is presented. The model and resistance uncertainties were taken into account
in the response surface method (RSM).
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1 Introduction

After the accident of nuclear power plant (NPP) in Fukushima (ENSREG, 2012) the
IAEA in Vienna adopted a large-scale project "Stress Tests of NPP", which defines new
requirements for the verification of the safety and reliability of NPP under extreme effects
of internal and external environments and the technology accidents (Kralik, 2009). The
experience from these activities will be used to develop a methodology in the frame of the
project ALLEGRO, which is focused to the experimental research reactor of 4th generation
with a fast neutron core. This project is a regional (V4 Group) project of European interest.
The new IAEA safety documents initiate the requirements to verify the hermetic structures
of NPP loaded by two combinations of the extreme actions (Image 1).
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Image 10 — Section plane of the NPP with reactor VVER440/213

A first extreme load is considered for the probability of exceedance 10 by year and
second for 102 by year. Other action effects are considered as the characteristic loads
during the accident. In the case of the loss-of-coolant accident (LOCA) the steam pressure
expands from the reactor hall to the bubble condenser (Krélik, 2010, 2015). The reactor and
the bubble condenser reinforced structures with steel liner are the critical structures of the
NPP hermetic zone (Krélik, 2009). Next, one from the critical technology structures is the
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reactor hermetic cover. In the case of the hard accident the overpressure can be increased
linearly and the internal and external temperature are constant. The critical technology steel
segments are at level +18.9 (Image 2). The safety and reliability of these segments were
tested considering the scenario of the hard accidents.
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Image 2 — Situation of the hermetic cover at level +18,90m

2 Scenario of the accident

The previous analysis was achieved for the overpressure value of 100kPa due to
design basic accident (DBA), which corresponds of the loss of coolant accident due to
guillotine cutting of the coolant pipe (Kralik, 2009). When the barbotage tower operates in
the partial or zero performance the overpressure is equal to the 150 - 300 kPa.

Table 2 The assumed scenarios of the accidents in the hermetic zone

Type Duration Overpressure in HZ [kPa] Internal temperature [°C]
I 1hour - 1day 150 127
Il. 2hours - 7days 250 150
1. lyear - 80-120

Company ENEL propose the maximum temperature in the reactor shaft is equal
about to 1.8000C and in the containment around the reactor shaft is equal about to 3500C
(Krélik, 2015). The possibility of the temperature increasing to the containment failure state
is considered in the scenario too. In the case of the hard accident the overpressure can be
increased linearly and the internal and external temperature are constant. Three types of
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the scenarios were considered (Table 1). The critical was the accident during 7 days with
the overpressure 250kPa, internal temperature 150°C and external temperature -28°C.

3 Calculation model

The steel coverings are located at the boundary of the confinement at floor level
+18.90 m. In the assembled state, the steel covering fulfils both the sealing and shielding
functions. The technology segments of the NPP hermetic zone are made from the steel.
The MCP steel covering structure is shown in Image 3. The technical parameters of the
covering basic parts are specified in Table 2. The shielding cover is fitted in the frame cast
in concrete and sealed to the frame with double rubber packing of 15 mm in width. The
shielding cover is provided with 30 mechanical closures along the circumference.
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Image 3 -MCP Hermetic Steel Covering Structure
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Table 2 Basic part of MCP Steel Covering

Part Pos. Basic dimension Weight [kg] Material
[mm]
Welded frame 12 Z4000x500 1317 11373
Shielding cover 1 23710x160 13400 11378
Double protective 5 2x24000x30 2x632=1264 11373
cover
Mechanical closures 9 30x235x180x150 420 422430/11700
AN
ELEMENTS Nov 11 2014
MAT NUM 22:55:49
PLOT NO. 1

2. HCC * MCP Steel Coverning * (p=0.25MPa, T=150cC) * E-P
Image 4 FEM model of the MCP Steel coverning

ELEMENTS
MAT NOM

VOLOMES
MAT NOM

(& &

1. SG * Steel Cover * (p-0.25MPa, T-1500C) * E-P 1. SG * Steel Cover * (p-0.25MPa, T=150cC) * E-P

Image 5 Solid and FEM model of the mechanical closure segment

Two calculation FEM models of the MCP steel covering structure with the
mechanical closure were considered with two variants of the material properties of
mechanical closure segments (Image 4 and 5). The original closure segment is made from
two materials - material 42 24 30 for mechanical closures, material 11700 for sliders. The
FEM model has 107 212 solid and surface elements with 22 593 nodes.
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4 Acceptance criteria

In the case of the nonlinear analysis the thermal depended material properties are
used followind the input data for material 08CH18N10T defined in standard CSN 413240,
CSN 411700, CSN 413230, CSN 413240 and NTD SAI Section Il (Abraham, 1998). The
criterion for the max. stress values is limited by the H-M-H plastic potential (Kralik, 2009).
The failure of the steel structure is limited by the max. strain values or by the stability of the
nonlinear solution (Kohnke, 2008).

The standard STN EN 1993 1-2 (Handbook, 2005) define following characteristic
values of the strain for the structural steel :

- yield strain £qy9=0.02

- ultimate strain Eap =0.15
- max. limite strain ¢, =0.20
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Image 6 Stress-strain relationship of the steel dependent on

The stress-strain relationship for the steel (Image 6) are considered in accordance

of Eurocode (Hanbook 5, 2005) on dependency of temperature level 9 for heating rates
between 2 and 50K/min. In the case of the steel the stress-strain diagram is divided on four
regions.

The stress-strain relation o, , = ¢, , are defined in following form in region I

Ga,a = Ea,aga,e ’ Ea,a = kE,HEa (1)

where the reduction factor k:, can be chosen according to the values of (Hanbook 5, 2005).

In region Il :
Oap = (fay - C) + g\/az } (Say.e “Eap )2 A= (gay,e " Eapo )(gay,e “Cape T C/ane) ,
o —Fo)
b? =E, (&6 — &, c+c?, C= (ay~9 ap. )
o ( w0 P ) Ea,e (gay,e ~Eapo ) B Z(fayve B fap,e )
and in region lll :
Oop = fa}’»e (3)
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5 Nonlinear analysis

The nonlinear analysis based on potential theory considering the isotropic material
properties was made for the layered shell elements SHELL181 in the FEM model. The steel
is typical isotropic material. The elastic-plastic behavior of the isotropic materials is
described by the Hubert-Mises-Hencky (HMH) yield criterion.

Consequently the stress-strain relations are obtained from the following relations

(4o} =[0,](j0s) - o)) -[0u] e} -0{ 22} @

(o}
or

{dO'} :[Depl{dg} (5)

where [ D,, | is elastic-plastic matrix in the form

o2y o
oz o]

The hardening parameter A depends on the yield function and model of hardening
(isotropic or kinematic). HMH yield criterion is defined in the form

[Dep]z[De]_

(6)

Op =07 (x), 7)

where o,, is equivalent stress in the point and o,(x)is yield stress depends on the
hardening.

In the case of kinematic hardening by Prager (versus Ziegler) and the ideal
Bauschinger’s effect is given

AzéafH’ ®)

The hardening modulus H’ for this material is defined in the form

_ dO'eq _ do'T
deb deb

€q €q

(9)

When this criterion is used with the isotropic hardening option, the yield function is
given by:

F(O‘)=«,{G}T [M]{c} -0, (ge )=0 (10)

where o, (Sep) is the reference yield stress, &, is the equivalent plastic strain and the matrix
[M] is as follows
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1 0 0 0 0 O]
010000
0 01 00O
[M]= (11)
0 00200
0 000 20
0 000 0 2]

On the base of the elastic-plastic theory and the HMH-function of plasticity the
extreme strain and stress of the reactor cover for the accident scenario type Il are presented
in the Table 3.

Table 3 Extreme stress-strain values of the reactor protective hood for the accident scenario type |l

Node & &, &, Eint Eequ
Minimum Values of Strain
Node 5206 5347 911 4707 3292
Value -0.18645E-04 -0.10993E-03 -0.63748E-03 | 0.89030E-05 0.14470E-04
Maximum Values of Strain
Node 1089 5316 22272 911 1948
Value 0.53063E-03 0.11104E-03 -0.15937E-05 | 0.95872E-03 0.70191E-03
Node Gl 62 O-3 O-int O-eqv
Minimum Values of Stress [MPa]
Node 5206 5347 911 4707 4707
Value -14.065 -29.522 -129.51 1.0100 0.91042
Maximum Values of Stress [MPa]

1089 9 106 911 911
Value 93.757 30.189 10.394 156.56 138.47

6 Probability nonlinear assessment

The probabilistic methods are very effective to analyse of the safety and reliability of
the structures considering the uncertainties of the input data (Cajka, R. Krejsa,M. ,2013,
Gottwald, J. Kala, Z. , 2012, Haldar, A. Mahadevan, S., 2000, Kala, Z. ,2011, 2015,
Konec¢ny, P. Brozovsky, J. Krivy, V. ,2009, Kralik,J. ,2009, 2010, Kralik,J. et al. ,2015,
Krejsa, M. Kralik,J. ,2015, Melcher, J. et al. 2004, Novak, D. Bergmeister, K. Pukl, R.
Cervenka, V., 2009, Suchardova, P., et al. 2012, Sykora,M. Holicky,M. ,2013, Vejvoda, S.,
KerSner, Z., Novak, D. Teply, B. ,2003). The probability analysis of the loss of the reactor
cover integrity was made for the overpressure loads from 250 kPa to 1000 kPa using the
nonlinear solution of the static equilibrium considering the geometric and material
nonlinearities of the steel shell and beam elements. The probability nonlinear analysis of
the technology segments is based on the proposition that the relation between the input
and output data can be approximated by the approximation function in the form of the
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polynomial (Krélik,J. ,2009). The full probabilistic assessment was used to get the
probability of technology segment failure.

The safety of the technology segments was determined by the safety function SF in
the form (Haldar, A. Mahadevan, S., 2000)

SF=E/R and 0<SF<1 (12)
where E is the action function and R is the resistance function.

The reliability function RF is defined in the form

RF:g(R,E):l—SF:R—E>O (13)
where g (R,E) is the reliability function.

The probability of failure can be defined by the simple expression
P =P[R<E]=P[(R-E)<0] (14)

The reliability function RF can be expressed generally as a function of the stochastic
parameters X, Xz to X,, used in the calculation of R and E.

RF =g(X,, X,,., X,) (15)

The failure function g({X}) represents the condition (capacity margin) of the reliability,
which can be either an explicit or implicit function of the stochastic parameters and can be
single (defined on one cross-section) or complex (defined on several cross-sections, e.g.,
on a complex finite element model).

In the case of the nonlinear analysis the correct solution of the elastic-plastic
behaviour of the structures is determined by the function plasticity. The HMH function of the
plasticity was used for the nonlinear solution of the steel technology segments. This
plasticity function is defined in the form

R=f, and E=o,, (16)

where the effective stress o, (Von Mises stress) is defined as follows

N =

o ~( 3= +o-a) +(or-a) ][ a7

2

The failure of the steel technology segments in the frame of the PSA analysis is
defined by the ultilimite values of the maximal strain deformation. This failure function is
defined in the form

R=¢,, and E=¢&,, (18)

where the effective strain ¢, (Von Mises strain) is defined as follows
1

- 6[(51 o) () + (e —gl)zDz, (19)

1+v'
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where v’ is the effective Poisson constant.

The failure probability is calculated from the evaluation of the statistical parameters
and theoretical model of the probability distribution of the reliability function Z = g(X) using
the simulation methods. The failure probability is defined as the best estimation on the base
of numerical simulations in the form

3 =%§1“I [9(X)<0] (20)

where N in the number of simulations, g(.) is the failure function, I[.] is the function with value
1, if the condition in the square bracket is fulfilled, otherwise is equal 0.

The full probabilistic method results from the nonlinear analysis of the series
simulated cases considered the uncertainties of the input data. The various simulation
methods (direct, modified or approximation methods) can be used for the consideration of
the influences of the uncertainty of the input data (Krélik,J. ,2009).

In case of the nonlinear analysis of the full FEM model the approximation method
RSM (Response surface method) is the most effective method (Kralik,J. ,2009). The RSM
is a method for constructing global approximations to system behaviour based on results
calculated at various points in the design space (Image 7). This method is based on the
assumption that it is possible to define the dependency between the variable input and the
output data through the approximation functions in the following form:

N N N-1 N
Y =C,+ D X + ) X2+ > e XX, (21)
i=1 i=1 i=1 j>i
where ¢, is the index of the constant member; ¢; are the indices of the linear member and cj;
the indices of the quadratic member, which are given for predetermined schemes for the
optimal distribution of the variables or for using the regression analysis after calculating the
response.

Original System Design of Experiments | RS Model |

V=GR DG ) D G

Image 7 Scheme of the RSM approximation method with the CCD design experiment

Approximate polynomial coefficients are given from the condition of the error
minimum, usually by the "Central Composite Design Sampling" (CCD) method or the "Box-
Behnken Matrix Sampling" (BBM) method (Krélik,J. ,2009). The philosophy of the RSM
method is presented in Image 5. The original system of the global surface is discretized
using approximation function. The design of the experiment determines the polynomic
coefficients
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The computation efficiency of the experimental design depends on the number of
design points, which must be at least equal to the number of the unknown coefficients. In
the classical design approach, a regression analysis is carried out to formulate the response
surface after calculating the responses at the sampling points. These points should have at
least 3 levels for each variable to fit the second-order polynomial, leading to 3k factorial
design. This design approach becomes inefficient with the increasing of the number of
random variables. More efficient is the central composite design, which was developed by
Box and Wilson (Kralik,J. ,2009).

The central CCD method is composed of (Image 7):

1. Factorial portion of design - a complete 2k factorial design (equal -1, +1)

2. Centre point - n, centre points, no > 1 (generally n, =1)

3. Axial portion of design - two points on the axis of each design variable at
distance o from the design centre

Then the total number of design points is N = 2+2k+n,, which is much more than the
number of the coefficients p = (k+1) (k+2)/2.

The true performance function g({X}) or {Y} in Equation (21) can be represented in
the matrix form as

Yi=[X]ic+ie} (22)

where {Y} is the vector of actual responses, and [X] is the matrix of the combination
coefficients.

The least squares estimates {c} defined as c,, Ci, ci and cj in Equation (21), are
obtained by solution of the least square (regression) analysis, i.e.

(€1 =(IxT X)) [XT v} (23)

The design includes several statistical properties such as orthogonality that makes
the calculation of [X]"[X] term simple and rotability that insures the uniform precision of the
predicted value.

The statistical postprocessor compiles the results numerically and graphically in the
form of histograms and cumulative distributional functions. The sensibility postprocessor
processes the data numerically and graphically and provides information about the
sensitivity of the variables and about the correlation matrices.

On base of experimental design, the unknown coefficients are determined due to
the random variables selected within the experimental region. The uncertainty in the random
variables can be defined in the model by varying in the arbitrary amount producing the whole
experimental region.

The total vector of the deformation parameters {rs} in the FEM is defined for the s™-
simulation in the form

{rs} :I:KGN(ES’FG):I_l{F(GS'QS’PS'TS)} (24)
and the strain vector
{gs}:[BS]{rs} (25)

where [K;,] is the nonlinear stiffness matrix depending on the variable parameters
E. andF,, F,is the Von Mises yield function defined in the stress components, {F} is the
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vector of the general forces depending on the variable parameters G_,Q,,P, andT, for the
s™-simulation.

7 Uncertainties of the input data

The uncertainties are coming from the following sources (HANBOOK 5, 2005, JCSS,
2011, Kralik, J. 2009, NRC, RG 1.200, 2009):

o Parameters of material properties. Based on experiments with concrete elements the
standard deviation is 11.1%. In case of other materials this value is about 5%.

2 Assessment of mechanical characteristics error factors are about 8-12%, it depends on
the construction material differences used for the different units with VVER 440/213. In
some cases, it can be conservative, in other cases non-conservative impact.

2 Uncertainties in the numerical results in the value of 10-15%. In this area we can take

into consideration the steel liner with the concrete elements.

Uncertainties arising from the temperatures impact in the value of 10%.

Other calculations assumptions 3-5%.

0o

Table 4 Variability of input parameters

Quantity Charact. Variable Histogram| Mean Deviat. | Minim. | Maxim.
value type u o[%] value value
Material
Strength | R | fa | N [ 212 | 66 | 0774 | 1.346
Action effects
Dead load Gk Qvar N 1 5 0.808 1.195
Live load Qk Qvar GU 0.643 22.6 0.232 1.358
Pressure LOCA Pk Pvar N 1 8 0.698 1.333
Temperature Tk tvar GU 0.667 14.2 0.402 1.147
Model uncertainties
Action Ex Evar N 1 5 0.813 1.190
Resistance Rk lvar N 1 5 0.812 1.201

The mean values and standard deviations were defined in accordance of the
experimental test and design values of the material properties and the action effects (see
Table 4). Based on the results from the simulated nonlinear analysis of the technology
segments and the variability of the input parameters 10® Monte Carlo simulations were
performed in the system ANSYS (Kohnke, P. 2008).

8 Probability and sensitivity nonlinear analysis of the reactor cover

The calculation of the probability of the reactor cover failure is based on the results
of the nonlinear analysis for various level of the accident pressure and mean values of the
material properties. The critical area of the technology segments defined from the nonlinear
deterministic analysis is the mechanical closures. The CCD method of the RSM
approximation is based on 45 nonlinear simulations depending on the 6 variable input data.
The nonlinear solution for the one simulation consists about the 50 to 150 iterations
depending on the scope of the plastic deformations in the calculated structures. The
sensitivity analyses give us the informations about the influences of the variable properties
of the input data to the output data (Image 8 and 9). These analyses are based on the
correlations matrixes.
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Rank-Order Ceorrelation Sensitivities Rank-Order Ceorrelation Sensitivities
Result Set PHCCV_RSM Result Set PHCCV_RSM

Insignificant:
G VAR

Significance level:
;.{IJ%

[ S -

Lo

Cutput Parameter SFS Qutput Parameter SES
2. HXC * MCP Steel Coverning * (p=0,250MPa, T=150cC) * E-F 2. HCC * MCP Steel Coverning * (p=8.75MPa, T=1500C) * E-P
Image 8 Sensitivity analysis of the safety function of MCP steel covering for overpressure
Ap=0.25MPa and Ap=8.750MPa

Rank-Order Correlation Sensitivities Scatter Plot
Result Set PHCCV _RSM Result Set PHCCV_RSM
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Image 9 Sensitivity and trend analysis of the safety function of MCP steel covering for uniform
distribution of overpressure

9 Fragility curves of failure pressure

The PSA approach to the evaluation of probabilistic pressure capacity involves limit
state analyses (IAEA, 2010 and Kralik, J. 2009). The limit states should represent possible
failure modes of the confinement functions. Containment may fail at different locations
under different failure modes. Consider two failure modes A and B, each with n fragility
curves and respective probabilities pi(i=1,...,n)and g;(j = 1,...,n). Then the union C = AUB,
the fragility Fcj (X) is given by

Foi (%) =Fy (X)+ Ry (X) = Fy (X) 1 Ry (%) (26)

where the subscripts i and j indicate one of the n fragility curves for the failure modes and x
denote a specific value of the pressure within the containment. The probability p; associated
with fragility curve Fgjj(X) is given by pi.q; if the median capacities of the failure modes are
independent. The result of the intersection term in (32) is Faj(x) .Fgj(x) when the
randomness in the failure mode capacities is independent and min[Fa; (x), Fgj (X)] when the
failure modes are perfectly dependent.

The following is and the consequence of an accident depends on the total leak area.
Multiple leaks at different locations of the containment (e.g. bellows, hatch, and airlock) may
contribute to the total leak area. Using the methodology described above, we can obtain the
fragility curves for leak at each location.
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Image 10 Family of fragility curves showing modelling uncertainty

For a given accident sequence, the induced accident pressure probability
distribution, h(x), is known. This is convolved with the fragility curve for each leak location
to obtain the probability of leak from that location (Py). It is understood that there is no break
or containment rupture at this pressure.

0

P :jh(x)[l- F, (x)]F (x)dx, (27)

0

here F, (x) is the fragility of break at the location and F, (x) is the fragility of leak. The leak
is for each location specified as a random variable with a probability distribution.

The probability of reactor cover failure is calculated from the probability of the
reliability function RF in the form,

P:=P(RF <0) (28)
where the reliability condition RF is defined depending on a concrete failure condition

RF=1-¢,/¢, (29)

.6 ?

where the failure function was considered in the form (18).

The fragility curve of the failure pressure was determined using 45 probabilistic
simulations using the RSM approximation method with the experimental design CCD for
10°® Monte Carlo simulations for each model and 5 level of the overpressure. The various
probabilistic calculations for 5 constant level of overpressure next for the variable
overpressure for gauss and uniform distribution were taken out. The failure criterion of the
steel structures using HMH (Von Mises) plastic criterion with the multilinear kinematic
hardening stress-strain relations for the various level of the temperatures and the
degradation of the strength were considered. The uncertainty of the input data (Tab. 4) and
the results of the nonlinear analysis of the technological structures for various level of the
accident pressure were taken. The overpressure loads from 250kPa to 10 000kPa using
the nonlinear solution of the static equilibrium considering the geometric and material
nonlinearities of the steel solid and shell layered elements were considered. The
recapitulation of the probability of failure calculated by the RSM simulation method is
presented in Image 11 depending on the level of the pressure.
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Fragility Curve of MCP Steel Coverning
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Image 11 Fragility curve of MCP steel covering determined by approximation method a RSM with
CCD experimental design

Fragility Curve of MCP Steel Coverning
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Image 12 Fragility curves of MCP steel covering determined analytically for normal distribution with
5% envelope

10 Conclusions

This report is based on methodology of the probabilistic analysis of structures of
hermetic zone of NPP with reactor VVER44/213 detailed described in work (Kralik,J. 2009).
The nonlinear probabilistic analysis of MCP steel covering failure is in accordance with the
requirements (IAEA, 2010) and NRC (NRC, RG 1.200, 2009, NUREG/CR-6906, 2006),
experiences from the similar analysis NPP in abroad (Novak, at al. 2009 ), new knowledges
from the probabilistic analysis of structures (Cajka, R. Krejsa,M. 2013, Haldar,
A.Mahadevan, S., 2000, IAEA,2010, JCSS,2011, Kala, Z. 2011). Sensitivity analysis of steel
plane frames with initial imperfections (Kala, Z. 2011) and our experiences from the
previous analysis (Krejsa, M. 2014, Krejsa, M. Krélik,J. 2015, Kralik,J. 2009, 2010 and
2015).

These analyses go out from the previous results of the monitoring of material
properties and NPP structures, as well as from the results of the resistance analysis of the
important structural components from the point of the initiated accidents. The structures
were analysed on impact of the extreme loads situation defined in the scenarios of the
internal accidents.

According to the nonlinear deterministic analysis were defined the most critical
structural components for which the values of the failure pressure of the accident are
determined on base of the best estimation. We propose from the supposition that the loss
of containment integrity occur and the performance of the NPP can be unsafe. The critical
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elements were identified taking into consideration also uncertainties of the input data in the
results.

The nonlinear analysis of the loss of the containment integrity was made for the
overpressure loads from 250kPa using the nonlinear solution of the static equilibrium
considering the geometric and material nonlinearities of the steel shell and solid elements.
The nonlinear analyses were performed in the ANSYS program using the HMH plastic
condition (Kohnke, P. 2008).

The standard STN EN 1993 1-2 (HANBOOK 5. 2005) define following characteristic
values of the strain for the structural steel - yield strain and ultimate strain. The recapitulation
of the capacity check based on deterministic analysis is presented in Tab. 3.

The probability analysis of the loss of the concrete containment integrity was made
for the overpressure loads from 250kPa to 10 000kPa using the nonlinear solution of the
static equilibrium. The uncertainties of the loads level (temperature, dead and live loads),
the material model of the steel structures as well as the inaccuracy of the calculation model
and the numerical methods (Kralik,J. 2009) were taken into account in the approximation
RSM method for CCD experimental design and 10° Monte Carlo simulations.

One from the critical technology segments of the containment is MCP steel covering
with the failure pressure pu.0.05=8023.7kPa. The mean value of pressure capacity of MCP
steel covering is pu.os0=8795.5kPa, the upper bound of 95% is puo.9s=9971.7kPa. These
fragility curves (Image 12) are the input data for the following risk analysis of the NPP safety.
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Abstract: The paper deals with the Computational Fluid Dynamics (CFD) modelling of the
Atmospheric Boundary Layer (ABL) flow in empty space with roughness applied on the
bottom boundary according to wind tunnel measurements. In CFD simulation of ABL, the
mean wind speed profile is defined by the logarithmic equation. As indicated by researchers,
the wind speed profile is conserved along the computational domain but turbulent intensity
as second characteristic of wind flow is being changed. This phenomenon is an open
guestion that has not been solved yet. We present comparison of Reynolds Averaged
Navier-Stokes (RANS) equations along with k — € turbulence models and the standard wall
function. Significant changes in turbulent intensity has been shown.

Keywords: computational fluid dynamics, atmospheric boundary layer, turbulence model

1 Introduction

Correct Computational Fluid Dynamics (CFD) simulation of the Atmospheric
Boundary Layer (ABL) is necessary for the Computational Wind Engineering (CWE) to
predict wind effects on buildings, pedestrian wind comfort or other wind effects. The ABL
represents lower 200 meters of atmosphere and many papers about this problem has been
published (Blocken et al., 2007; Franke, 2007; Tominaga et al., 2008).

Generally, in CFD simulations, there has been a fully developed wind profile applied
on the inlet boundary. The fully developed wind profile goes through the computational
domain and changed from the inlet to incident flow in the central part where a researched
object is usually situated. Minor change (difference) between the inlet and incident profile
can lead to significant changes in the pressure on facade of building. This change must be
responsible for some of the irregularities between the CFD simulations and the
corresponding wind tunnel measurements. The problem of simulating ABL was presented
in publications (Franke and Frank, 2005; Blocken and Carmeliet, 2006).

This paper presents differences between three k — € turbulence models with the
standard wall function for modelling of ABL. First, in Section 2 we describe turbulent model
and its equations for the turbulence kinetic energy and its dissipation rate. Section 3 deals
with the CFD simulation, computational domain, mesh setting and different possibilities of
setting turbulence properties. In Section 4, we present obtained results for different k — ¢
turbulence models and boundary conditions. Finally, Section 5 concludes the paper.

2 Applied equation and turbulence models for simulation

For this purpose, there were used three k — ¢ turbulence models. Namely:
2.1 The Standard k — € model

It is a model based on model transport equations for the turbulence kinetic energy
(k) and its dissipation rate (¢), (Launder and Spalding, 1974)

0 0

9 9 O[5k e
ﬁt(pk)+5Xi (pkui) 8Xj l:[ﬂ"'o_kJan]"Pk"'Pb pe=Yy +S, (2)
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where u denotes wind speed in [m/s], t is time in [s], k is turbulent kinetic energy in [m %/s?],
g is turbulent dissipation rate in [m?/s®] : is turbulent dynamic viscosity in [kg/m.s], P« is
generation of the kinetic turbulence energy due to the mean speed gradient, Py, is generation
of the kinetic turbulence energy due to the lift, Yu is increase from fluctuation in
compressible turbulent flow to overall dissipation, C+, , C3c are model constants, ox and o
are Prandtl numbers for k and €, p is density in [kg/m?] and S, are user term.

2.2 The RNG k — £ model

It is like the standard model, but it includes several improvements. It has an
additional term Cz¢* in Eq. 4. This term increases the accuracy at high deformation speed.
It includes the effect of the vortex turbulence and increases accuracy for turbulent flow
(Wilcox, 2006). Transport equations are formulated as:

o 8 ol ) ek

—(pk)+—(pku, )= — DN+ P, — ps, 3
o )+ 5, k) axj_(‘”aJaj +P—pe 3)
9 0 _0 i@_g_ £ £

at(pg)_'_ a i (pa"ll)_ a J _(ILI_'_ O-gJﬁxj +C2.€p k Pk Cng k . (4)

2.3 The realizable k — £ model

This model is the latest from k — &€ models. It has two important differences in
comparison to the standard model. It contains a different formulation for turbulent viscosity
and it modifies the transport equation (Wilcox, 2006). Transport equations are formulated

as

o 8 ol ) ok ]

— (k) + —(pku ) =— [,U"‘_tj_ +R +R —ps-Yy +5, (5)

ot oX; 8Xj_ o, 6Xj_

0 0 0 u, | O g? &

9 (pe)+ L (peu ) =-2|| u+ 2o |2 14 pes. —Cp—5——c_2c, P +5S,, (6
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where C, = max{0.43is} . 7)
n+

3 Numerical simulation

For the simulations we have used program ANSYS Fluent (Ansys, 2017).
3.1 Computational domain and mesh

The size of the computational domain was 1000x100x200 m® (LxWxH) and
illustration of the domain is depicted in Image 1. The height of the domain corresponds to
maximal height of ABL, while the length and height of the domain were chosen
proportionally. Mesh was generated using CutCell elements. The maximal element size was
set 10 m and inflation was applied on bottom boundary with height of the first layer 0.5m.
Then 5 layers with growth rate of 20% were created. There were generated 180 900
elements with 195 132 nodes.
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Image 11 — The computational domain.

3.2 Boundary conditions

For all models on inlet boundary was used the mean speed profile derived from the
reference wind speed 12.077[m/s] at reference height 100[m] according to wind tunnel scale
and measurements (HUBOVA and LOBOTKA, 2014). This profile is defined as user defined
function (UDF) and interpreted using UDF function. Because the height of computational
domain is often lower than the ABL height, these profiles are generally simplified by
assuming a constant shear stress with height (Richards and Hoxey, 1993). The logarithmic
function for wind speed is defined as

: (8)

u, Z+12
Uy = ABL [n 0
K Z,

where u’ is shear velocity in [m/s], z is elevation in [m], zo is aerodynamic roughness height
in [m] for simulation of wind tunnel measurements zo= 0.7, k = 0.4 is von Karman constant
[, Cu=0.09 constant in k — € model [-].

There are three possibilities how to set up a turbulence:

¢ Using additional inputs for k — € model are equations for turbulent kinetic energy k, and
equation for turbulence dissipation rate €:

U2
k — ABL (9)
(2) C ’
\ ~u
*3
UasL
Ey=—"7—, 10
@ k(2 +1,) (19)

e By specifying turbulence intensity and the turbulent length scale. The turbulent length
scale can be computed as:

%
| = C% k= (11)
Y7,
Normally this value is not greater than the dimension of the domain. In our case 1=1000 [m]
and turbulence intensity was 10%.

e By setting turbulence intensity and the hydraulic diameter. For a rectangular domain the
hydraulic diameter can be computed as:

ab
d,=2——, 12
" a+b 12)
where a is the width and b the height of computational domain. In our case d,=80 and

turbulence intensity was 10%.
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The outlet boundary is defined as pressure outflow and the side and upper boundary
as zero gradient or symmetry. The bottom boundary is simulated as a through wall with
adapted standard wall functions (Franke et al.,2007). For rough wall the method proposed
in (Blocken et. al., 2007) is used

E-z
kg =—° (13)

CS
where ks is the roughness height of wall function, cs is the roughness constant of wall
function and E=9.79 is the log law of the wall constant.

3.3 Solution setting

All simulations ran as pressure-based, steady, without production limiter and
curvature correction. From solution methods there was used SIMPLE pressure-velocity
coupling scheme with the second order spatial discretization. Solution was initialized with
the hybrid initialization using default setting. The simulations were done when scaled
residuals reached the minimum values: 10 all quantities. The simulations were performed
using parallel processing on a desktop computer with one Intel Core i7-3930K 3.2 GHz
processor and 32 GB DDR3 memory.

4 Results and discussion

For every k — ¢ turbulence model we perform computation for different boundary
conditions described in Section 3.2. We present results for the wind speed profile and the
turbulence intensity in four location along computational domain and compare our results
with the wind tunnel measurement (HUBOVA and LOBOTKA, 2014). Because the
turbulence intensity is not default output parameter, we define the turbulence intensity as:

= (14)

4.1 Boundary conditions: the k and € parameter with roughness height

In Images 2. — 4. we can see results for different k — ¢ turbulence model using
equations for turbulent kinetic energy k and equation for turbulence dissipation rate € as
boundary condition. On bottom boundary was defined the roughness height and the
roughness constant according to Eq. (13).

For every k — € we obtain a very good agreement for wind speed profile in every
location along computational domain, but we can observe decreasing of turbulence
intensity. We can see that the Standard and RNG k — € model has the same results. Results
from Realizable k — € model bring huge improvements in decreasing of turbulence intensity
along computational domain, but this effect is only from the height 50 meters. Lower part of
ABL are the same for every model and its shape depends only from the roughness height
and the roughness constant.

4.2 Boundary conditions: the k and € parameter with zero roughness height

For illustration of importance of parameter roughness height, we perform simulation
where these parameters were set as zero. Graphical results are depicted in Images 5. — 6.
where we can see, in contrast with 4.1., decreasing of the wind speed and turbulence
intensity in lower part of ABL. Results in height from the 50 meters are the same as results
in 4.1. for every k — € model.
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Image 12 — Standard k — € model: wind speed and turbulence intensity.
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Image 13 — RNG k — € model: wind speed and turbulence intensity.
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Image 14 — Realizable k — € model: wind speed and turbulence intensity.
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Image 5 — Standard and RNG k — € model: wind speed and turbulence intensity for zero roughness
height.
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Image 6 — Realizable k — ¢ model: wind speed and turbulence intensity for zero roughness height.

4.3 Boundary conditions: the turbulence intensity and the turbulent length scale

Possibilities how to set a constant turbulence at inlet is setting turbulent length scale
are according to Eqg. (11). On the bottom boundary, there was again defined the roughness
height and the roughness constant according to Eq. (13). Graphic results are depicted in
Image 7., where we can see the same behaviour as in 4.1 (decreasing turbulence intensity
in height from the 50 meters for Standard and RNG k — € model). In lower part of ABL, the
turbulence intensity increases because of the roughness height parameter.

4.4 Boundary conditions: the turbulence intensity and hydraulic diameter

Another possibility how to set a constant turbulence at inlet is setting hydraulic
diameter is according to Eq. (12). In the same way, we define on bottom boundary the
roughness height and the roughness constant according to Eq. (13). Graphic results are
depicted in Image 8. As we can see the turbulence intensity increased in lower part of ABL
because of roughness height parameter. The same behaviour is in 4.1 and 4.3. In height
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from the 50 meters, all k — € model show great decreasing of turbulence intensity in locations
along computational domain.

200 200
150 \ 150
E E
.;.100 \ \ .;.100 \
50 \\ 50 K \\

0 r T T T T T
0,05 0,1 0,15 0,2 0,25 0,3 0,35 04
Turbulence Intensity Turbulence Intensity
—Inlet —250[m] —500[m] —Outflow —WindTunnel
Image 7 —Turbulent intensity for turbulent length scale parameter: left) Standard and RNG k — ¢
model, right) Realizable k — € model.
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Image 8 — Turbulent intensity for hydraulic diameter parameter: left) Standard and RNG k — €
model, right) Realizable k — € model.
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5 Conclusion

We have presented comparison of three k-¢€ turbulence models in modelling of ABL.
Results show that each model conserve wind speed profile along computational domain.
Significant changes in turbulent intensity were shown for different k-¢ model. Best
conservation of the turbulence intensity showed Realizable k — e model. The set up constant
turbulence on Inlet is inadequate way how model the turbulence intensity profile.

The knowledge of behaviour of models and boundary conditions will significantly
help to create CFD simulations.
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VYUZITi SOFTWARE ANSYS PRI NAVRHU AXIALNiICH CERPADEL

JAKUB STARECEK, LUKAS ZAVADIL
CENTRUM HYDRAULICKEHO VYZKUMU spol. s r.0., Lutin

Abstract:

This article describes a procedure of the hydraulic design of the axial hydrodynamic
pump for specific operating (design) point. The emphasis is focused on
a pump suction height and good cavitation properties with preservation of high efficiency.
This design was realized by a single phase analysis for a reduction of a computational time.
Cavitation properties of the pump were predicted based on static pressure distribution on a
pump blade length, especially on the outside streamline. The final multiphase simulation
was performed after a shape optimization of an impeller to obtain more precise results for
a correct determination of an influence of a cavity on the suction head - NPSH;
characteristics.

Keywords: axial pump, impeller, CFD, blade loading, optimiation, cavitation

1 Uvod

Axialni Cerpadla jsou Casto vyuzivana v upravnach vod, pro dopravu Cisté,
znecisténé nebo morské vody, ale i jako zavlahova nebo odvodriovaci Cerpadla. Tato
Cerpadla vétSinou slouzi tam, kde je tfeba zajistit velké pratoky potrubni siti pfi malé
dopravni vySce Cerpadla. Konstrukéné se zpravidla jedna o jednostupniova Cerpadla
s obéznym kolem bez vnéjSiho vénce. Kapalina proudi ve sméru osy rotace Cerpadla, tedy
vstup do Cerpadla je v axialnim sméru, stejné jako vystup z obézného kola. Za obéznym
kolem ma kapalina zbytkovou obvodovou sloZku rychlosti c,. Tuto obvodovou slozku je
tfeba potlacit vhodné tvarovanym axialnim rozvadé&em (statorem). Axialni ¢erpadla byvaji
zpravidla opatfena sacim zvonem, pfipadné pfimou, i kolenovou savkou. Za Cerpadlem je
umisténo  koleno s ohybem vrozmezi (45°- 90°), a to prevazné
z dispozi¢nich divodu a pro vyvedeni hfidele a napojeni na zvoleny pohon.

Hlavnimi sledovanymi veli¢inami jsou dopravni vysSka Cerpadla H [m], pritok
Cerpadlem Q [m%/s], saci vySka &erpadla NPSHs [m], pfikon P [W] a tomu odpovidajici
ucinnost n [-]. Z téchto uvedenych hodnot Ize vypocitat tzv. specifické otacky znacené ns

[1]:

ng = 3,65 % \/% (min™1), 3)

kde axialni Cerpadla maji nejvyssi specifické otacky ze vSech hydrodynamickych
¢erpadel (ns > 500 — 600 min). Tento ¢lanek bude pojednavat o zakladnim hydraulickém
navrhu axialniho Cerpadla pro specifické otacky ns = 680 min?! , dopravni vys$ku
H = 10,6 m a pratok Q = 451,5 I/s. Dale bude nastinéna optimalizace z&kladniho navrhu
s ohledem na kavita¢ni vlastnosti Cerpadla, které budou predikovany z rozlozeni tlaku po
délce lopatky (zatiZzeni lopatky). Pfi navrhu bude pfihlédnuto na vysokou u€innost, dosazeni
pozadované dopravni vysky a dynamické vlastnosti stroje, které jsou Uzce spjaty s kavitaci
a provozem v mimo-optimalnich rezimech Cerpadla pfi zachovani pfijatelnych rozméra
Cerpadla. Pro navrh Cerpadel a predikci téchto zakladnich parametri a kavitacnich
vlastnosti byl vyuzit komeréni software ANSYS, zejména tzv. ,turbo” nastroje, které jsou
zaméfeny pro navrh rotacnich stroju. NejCastéji pouzivanymi zastupci byly ANSYS
BladeGen, ANSYS Turbogrid a ANSYS CFX.
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2 Z&kladni hydraulicky navrh €erpadla

Na zacCatku kazdého hydraulického navrhu je nutno definovat tzv. ,navrhovy bod
Cerpadla“, pro ktery je proveden z&kladni hydraulicky navrh. V idealnim pfipadé by mél byt
navrhovy bod €erpadla i ,pracovnim bodem®. Pracovni bod Cerpadla Ize definovat pomoci
pratoku Q a dopravni vysky H. V tomto bodé by mélo byt Cerpadlo provozovano pfi dosazeni
nejvyssi u€innosti a splfiovat veSkeré smluvené parametry.

Zparametrd H = 10,6 m a Q = 451,5 I/s byly ureny otacky rotoru Cerpadla
n = 1620 min. Otacky ¢erpadla Ize urcit pomoci rovnice (1) uvedené v Gvodu.

Pfed navrhem tvaru lopatky je nutné vypocitat zakladni rozméry Cerpadla. Vnéjsi
primér D, a vnitini pramér (prGmér naboje) Di. Tyto rozméry Ize odhadnout pomoci
experimentalné ziskanych dat z pfedchozich navrha.

Rovnéz je tfeba navrhnout zakladni tvar meridianu. Pro ur€eni zakladnich rozméra
existuje fada empirickych vztaht, nomogramu a navrhovych metod napf. [1], [2], atd. Pro
tento navrh byl vyuzit pouze postup uvedeny v knize CENTRIFUGAL PUMPS od J.F.
Gulicha [1].

2.1 Volba vlastniho tvaru profilu lopatky

Pohyb vody okolo profilu vyviji vyslednou silu F na lopatku Cerpadla. Hodnotu této
sily ziskAme integraci rozlozeni statického tlaku po délce lopatky a smykového napéti
kapaliny po délce lopatky. Vyslednd sila je ziskana z normalové (vztlakové) sily F,, ktera je
zavisla na rozloZeni tlaku a odporove sily Fu, ktera je dana odporem profilu. Tfeci odpor se
vyrazné neméni, méni se vSak vztlakova sila profilu se vzristajicim uhlem natoku
a prohnutim profilu.

VétSina hydraulickych tvart axialnich ¢erpadel vychazi z leteckych profili NACA
(National Advisory Committee for Aeronautics). Zakladnimi parametry tohoto jsou: délka L
(v rozvinutém tvaru), maximalni tloustka profilu d (dana primérem vepsané kruznice),
poloha maximalni tloustky profilu xq. PFi obtékani tekutiny kolem profilu dochazi na saci
strané lopatky ke zvySeni rychlosti a k poklesu statického tlaku, naopak na tlané strané
lopatky ke sniZeni rychlosti a zvySeni statického tlaku. Tim vznika vztlakova sila Fo.

Zéasadni vliv na celkovou vztlakovou silu profilu maji:

- Pomér maximalni tloustky a délky profilu %

- Relativni poloha maximalni tloustky profilu xL—“

- Poloha maximalni tloustky lopatky
- Prohnuti profilu a charakteristicky tvar prohnuti (S-tvar)

Po vypodtu zakladnich rozmért Di, D2 a volbé tvaru meridianu na zakladé [1] je
mozné urCit teoretické rychlosti v rychlostnim trojuhelniku na vstupu a vystupu
z obézného kola Cerpadla. Jedna se pfedev8im o obvodovou slozku rychlosti (vychazi
z otaCek a pruméru obézného kola Cerpadla), meridialni rychlost (vychazi z pritoku
a prumeéru obézného kola) a obvodovou slozku absolutni rychlosti na vystupu z obézného
kola (vychazi ze zadané dopravni vysky a odhadu hydraulické ucinnosti). Z téchto dat
a empirickych vztaht v [1] byla ziskana hodnota vstupniho Ghlu lopatky B: a vystupniho
ahlu lopatky B.. Nyni je potfeba vypocitat délku lopatky a prabéh uhlu B po jeji délce. Délka
lopatky je fizena tzv. hustotou lopatkové mfize (solidity) oi. Hustotu lopatkové mfize si lze
predstavit jako pomér délky tétivy L lopatky k roztedi t. Jinymi slovy hustota lopatkové mfize
popisuje hustotu prekryti lopatek v lopatkové mfizi. Do této problematiky také vstupuje
pocet lopatek obézného kola. Pocet lopatek je zavisly na specifickych otackach Cerpadia -
se vzrustajicimi specifickymi otackami klesa. Pro vypodcet solidity o1 se vyuziva vztahu [1]:
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Dulezitym faktorem ovliviiujici dopravni vySku je pruhyb lopatky, ktery je Fizen tzv.
vztlakovym koeficientem (a [1]:

Ca = 55t (84— Bua), ©)

kde hodnoty Ghlu 6, a 8y, vychazi z nize uvedeného obrazku, kde w. je relativni rychlost
vody a - thel proudu na vstupu do obézného kola. Pomér % je zvolen v rozmezi 0.09 az
0.11.[1]

Obrazek 1: Definice celkové sily a prohnuti lopatky.[1]

Ze ziskanych dat (primér obézného kola D, a ndboje D1, vstupni a vystupni uhel,
tvar meridianu a prubéh uhlu g po délce lopatky a poltu lopatek) je mozné zkonstruovat
model obézZného kolo ¢erpadla.

2.2 Navrh rozvadécich lopatek

Na vystupu z obé&Zného kola Cerpadla ma kapalina zbytkovou rotaCni slozku
rychlosti, kterou je potfeba vyrovnat zpét do axialniho sméru. Pro tento ukol se vyuziva
statorovych lopatek. Pomoci numerickych simulaci byla uréena zbytkova rotaéni slozka
rychlosti ¢, na jednotlivych polomérech. Poté vyuzitim goniometrickych funkci byl
z meridialni rychlosti a zbytkové obvodové slozky rychlosti ziskan vystupni uhel vody
z obézného kola. Z velikosti vystupniho uhlu vody byla ziskana velikost vstupniho uhlu
rozvadécich lopatek. Zde musi byt zdiraznéno, ze vystupni uhel a délka rozvadécich
lopatek se voli tak, aby nedoslo k separaci proudu na podtlakové strané statorove lopatky.

2.3 Optimalizace zakladniho hydraulického navrhu éerpadia.

Kazdy teoreticky hydraulicky navrh je potfeba ovéfit za pomoci numerickych
simulaci a nasledné na zakladé vysledkl pfipadné navrh upravit na zadané parametry.
V této fazi hydraulického navrhu bylo experimentovano s riznou hodnotou vztlakového
koeficientu a rGznou hodnotou hustoty lopatkové mfize za Ucelem ziskani optimalnich
parametr(l Cerpadla se zachovanim dobrého rozlozeni statického tlaku na saci strané
lopatky. Jednim z hlavnich parametr(, kterym Ize fidit rozloZzeni statického tlaku na saci
strané lopatky, je délka stfedni Cary profilu a velikost zmény Uhlu S. Z hlediska kavitanich
vlastnosti je nejcitlivéjSi zména téchto parametri na vnéjsi proudnici (nejvétsi priimér).
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Délku lopatky Ize primarné ovlivnit prdb&éhem uhlu g a vystupnim Ghlem lopatky f..
Toto je vSak limitovano vztlakovym koeficientem, ktery ma vliv na dopravni vysku ¢erpadla.
Béhem zvySovani uhlu g po délce lopatky, zejména pak v jeji poloviné a na odtokové hrané,
roste i dopravni vyska Cerpadla. V pfipadé nedodrzeni pfedepsané dopravni vysky pak
vysledné Cerpadlo nespliiuje podminku specifickych otacek ns.

Druhou moznosti fizeni délky lopatky je prodlouzeni meridianu na daném poloméru.
Méla by vSak zUstat zachovana plynulost a jednoduchy tvar meridianu.

Posledni moznosti je odsazeni vnéjsi proudnice v axialnim pohledu (posunuti Ghlu
opasani) neboli tzv. ,sweep back”. Tento pFistup mirné zvySuje tlak na saci strané lopatky,
avSak negativné ovliviuje celkovou ucinnost Cerpadla.

V pfipadé, ze se bude jednat o regulaéni Cerpadlo je potfeba navrhnout vhodny tvar
kulové vloZky tak, aby bylo mozné s lopatkami ob&zného kola otacet. Zjednodusené Ize fici,
Ze obézné kolo musi byt uloZzeno v kulové skfini, tak aby osa otaceni lopatky byla
v ose kruzZnice charakterizujici kulovou viozku.

3 Vypocétovy model

Pro prvotni hydraulicky navrh a tvorbu geometrie obé&Zného kola a lopatek
rozvadéce se vyuziva nastroje ANSYS BladeGen. Vypoctové sité jsou generovany pomoci
nastroje ANSYS Turbogrid. Pro zahrnuti objemové ztraty v priibéhu nasledujiciho vypoctu
je v prostiedi ANSYS TurboGrid nastavena velikost spary mezi obéZznym kolem
a plastém obézného kola. Zpravidla se voli spara s rozmérem pfiblizné s = 0.001D..
Geometrie savky a vytlaéného kolena byly modelovany v prostiedi ANSYS DesignModeler.
Tyto ¢asti jsou opatfeny vypoctovou siti v prostfedi ANSYS Meshing. U vSech vypoctovych
oblasti je aplikovano zjemnéni vypoctove sité u stén pro zachyceni vlivu mezni vrstvy.

Obrazek 2: Vizualizace vypoctovych siti Cerpadia.

Jednotlivé domény opatfené vypoctovou siti (Obrazek 2) byly importovany do
programu ANSYS CFX, kde byl sestaven kompletni vypoctovy model. Savka, rozvadéc
a vytlacné koleno byly stacionarni domény. Obézné kolo bylo jedinou rotani doménou
(n = 1620 min?). Pro prechody ze stacionarni do rotac¢ni domény byly pouzity rozhrani
»1ransient ROTOR-STATOR interface”. VSechny ostatni oblasti s ha sebe nenavazuijici siti
byly spojeny pomoci rozhrani GGI (General Grid Interface). Neprutoc¢né plochy byly
opatifeny okrajovou podminkou ,wall“. Na vstupu do vypoctového modelu byla zvolena
okrajova podminka celkového tlaku (pw:= O Pa), a na vystupu byla pfedepsana okrajova
podminka pro hmotnostni prutok, kde Qmopt= 451,5 kg/s, viz Obréazek 3.
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Obrazek 3: Vlevo: Pouzité Interfaces - Zelené jsou vyznaceny interfaces (GGIl); Fialové jsou
vyznaceny rozhrani ROTOR-STATOR. Vpravo: vizualizace okrajovych podminek: modre —inlet;
Cervené outlet.

Jedna se o plné nestacionarni analyzu. Casovy krok byl zvolen t = 0.00020576 s,
coz odpovida 2° pooto€eni obézného kola. Byl pouzit SST (Shear Stress Transport) model
turbulence, ktery vychazi z k-w dvourovnicového modelu, zalozeného na Boussinesquoveé
hypotéze.

K modelovani kavitace a jevu s ni spojenych je v programu CFX pouzit Rayleigh-
Plessetliv model. Tento model popisuje vicefazové proudéni, konkrétné dvoufazovy systém
para+voda s rozpusténym plynem. Tento kavitaéni model vychazi ze zjednoduSené
Rayleigh-Plessetovy rovnice, kterou Ize uvést v nasledujici formeé [3]:

DR 2 |py-pl .
Py ;-%saqn(pv—p), (4)

kde t (s) je Cas, p; (kg'm®) je hustota kapaliny, py (Pa) je rovnovazny tlak sytych par,
p (Pa) je staticky tlak, R (m) je polomér.

Mezi dalSi zjednoduSeni patfi zejména to, Ze je uvazovana jen jedna velikost
kavitaCnich jader, bubliny se po expanzi v oblasti nizkého tlaku vraci zpét do své puvodni
velikosti a neni uvazovan jejich kolaps, model uvazuje dvé empirické konstanty, které
zahrnuji rizné Casové méfitko odpafovani a kondenzace. Jedna se tedy o dvoufazové
proudéni, kdy v pfipadé, Ze tlak vlivem proudéni dopravovaného média (vody) poklesne
pod tlak nasycenych par, dojde ke vzniku kavitaCnich (parnich) bublin. Tlak nasycenych par
u vody silné zavisi na jeji teploté. Je nutné poznamenat, ze CFD kavitacni analyza uvazuje
pfi proudéni Cistou vodu konstantni teploty. V tomto pfipadé byla uvazovana voda o teploté
25 °C.

4 Vliv vstupnich rozméra na prubéh tlakového zatizeni lopatky

Hlavnim cilem nového hydraulického navrhu bylo zajisténi nejlepsi saci schopnosti
Cerpadla. Z ¢asovych duavodu byl dvoufazovy vypocet proveden jen u vybranych navrhu,
které vykazovaly vy$Si hodnotu statického tlaku (stanoveného z jednofazového vypoc&tu) na
saci strané lopatky a splfiovaly pozadované vykonove parametry.
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Dout

Na zakladé doporuceni v [1] byl vytvofen zakladni hydraulicky navrh erpadla. Tato
vychozi varianta meéla doporuéeny vnéjSi pramér CcZerpadla Din=340mm a naboj
s prumérem doit= 176 mm (Obrazek 4), béhem vypoc&tu byl naboj zaokrouhlen dold,
k prdméru dowt= 170 mm.

Pro ziskani zkuSenosti a informaci pro zakladni rozvahu velikosti erpadla byly
provedeny numerické simulace pro nékolik riznych pramér obézného kola Dira pro rizné
priméry naboje na vstupu do obézného kola di.. Z téchto simulaci bylo ziskano rozlozeni
tlaku a nasledné zavislost na vstupnich parametrech.

Se zvétSujicim se primérem Cerpadla Din a pfi zachovani rozméri naboje
a prubéhu uhli g po délce lopatky, dochazelo ke snizovani tlaku na podtlakové strané
lopatky, pfevazné pak v prvni poloviné. ZvySujici se tlak na saci strané lopatky ma pozitivni
vliv na kavita¢ni vlastnosti Cerpadla. Tlak by mél po délce lopatky plynule narustat.
Nepfiznivy vliv ma na kavitacni vlastnosti stroje lokalni nestabilita v rozlozeni tlaku na saci
strané lopatky. Jedna se o jev, kdy tlak po délce lopatky poklesne pod uroven tlaku
v blizkosti nabézné hrany. Tento jev je nejpatrnéjSi u varianty s primérem Di, = 310 mm
v 10 % vySky prato€ného kanalu (Obrazek 7). V tomto pfipadé muze kavitaéni mrak vznikat
nejen na nabézné strané, ale také na konci saci strany lopatky. V zavéru muaze dojit
k ucpani pratocného kanalu kavitacnim mrakem (kavernou) a strzeni Cerpadia.

Nejvétsi vliv na vysledné kavitaéni vlastnosti (saci vySku Cerpadla) ma vnéjsi
proudnice obézného kola. Na vnéjSi proudnici obvodova slozka rychlosti dosahuje
maximalnich hodnot. Na nabézné hrané vnéjSiho priméru Cerpadla dochazi k nejvétSim
podtlakovym 3$pi¢kam. K pocatku kavitace dochazi pravé zde, na nabézné hrané a saci
strané lopatky.

Na zakladé téchto vypoctu byla vybrana varianta s primérem Di, = 320 mm, ktera
se vyznacuje dobrym rozlozenim tlaku na vSech polomérech se zachovanim vysoké
ucinnosti a relativné malych rozméru Cerpadla.
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4.1 Zatizeni lopatky v zavislosti na priméru obézného kola
300

-100 —

-200

-300

-400

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
——Din340 ——Din320 ——Din310 ———Din300 délka lopatky [-]

Obréazek 5: Prubéh statického tlaku po délce lopatky: 90% vysky kanalu, Qopt.
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Obréazek 6: Prubéh statického tlaku po délce lopatky: 50% vysky kanalu, Qopt.
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Obrazek 7: Priibéh statického tlaku po délce lopatky: 10% vysky kanalu, Qopt.

http://aum.svsfem.cz



26th SVSFEM ANSYS Users' Group Meeting and Conference 2018 SVSFEM s.r.o

V dal$im kroku byl uréen vstupni prGmér naboje. Vstupni primér di, ma taktéz
zasadni vliv na tlakové zatizeni lopatky. Na nasledujicich grafech je mozné sledovat
rozlozeni tlaku po délce lopatky u varianty s vnéjSim primérem Di, = 320 mm a rliznych
vstupnich primérech naboje di.. Velikost vstupniho priméru je dana v zavislosti na velikosti
Cerpadla, tzn.:

din = k'Diy,

kde k je procentudlni velikost naboje charakterizovana tabulkou 1.

Tabulka 1: Pfepocet velikosti vstupniho priméru naboje.

k k din
[%] [] [mm]
25 0,25 80
28 0,28 89,6
35 0,35 112
40 0,4 128

4.2 Zatizeni lopatky v zavislosti na priméru naboje
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——25%_naboj ——28%_naboj ——35%_naboj ———40%_naboj délka lopatky [-]
Obrazek 8: Prubéh statického tlaku po délce lopatky: 90% vysky kanalu, Qopt, Din=320mm.
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Obrazek 9: Prubéh statického tlaku po délce lopatky: 50% vys$ky kanalu, Qopt, Din=320mm.
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Obrazek 10: Prubéh statického tlaku po délce lopatky: 10% vysky kanalu, Qopt, Din=320mm.

Z vySe uvedenych obrazk( 5-10 je zfejmé, ze velikost vstupniho priiméru naboje
souvisi s distribuci statického tlaku a to pfevazné v prvni poloviné délky lopatky Cerpadla.
S klesajicim primérem naboje na vstupu se zvySuje tlak na podtlakové strané nabézné
hrany. To znamena, ze kavitace by méla vznikat pozdéji u variant s mensim nabojem. Na
zakladé téchto informaci byla zvolena varianta s velikosti vstupniho priméru naboje
din=80 mm.

5 Vysledné rozméry a parametry ziskané numerickou simulaci
Z&kladni udaje o modelovaném ¢erpadle

Prameér vstupniho potrubi Ds =330 mm
Primér vytlacného potrubi Dy = 350 mm
Primér obézného kola D; =320 mm
PocCet lopatek obézného kola Zok =415
Pocet lopatek rozvadéce Zonvn =516
Otacky rotoru n = 1620 min*
Rozmeéry savky
Sitka vstupu saci trouby § =800 mm
Vyska vstupu saci trouby v= 640 mm
Uhel kolene savky as = 90°

Rozméry kolene
Prameér kolene Dy = 350 mm
Uhel kolene savky Ok = 45°

Vyslednou variantou je Cerpadlo se C&tyfmi lopatkami obé&zného kola a péti
rozvadécimi lopatkami. Druha alternativni varianta je péti lopatkové obé&zné kolo s Sesti
statorovymi lopatkami. Vykonostni charakteristiky téchto navrhl jsou zachyceny
a porovnany s plvodnim navrhem cerpadla Ns680 - Obrazek 11. Jedna se o vysledky
Cerpadla se zahrnutim objemovych ztrat bez kulové viozky (neregulaéni varianta ¢erpadia).
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Obrazek 11: Vysledné charakteristiky axialniho ¢erpadla Din=320mm a din=80mm.

Zobrazku 11 je zfejmé, ze ucinnost plvodniho &erpadla (stavajici modelové
Cerpadlo pouzivané k nabidkové cinnosti). byla mirné navySena ve vS8ech pracovnich
bodech Cerpadla. Zejména pak v oblasti vievo od optima. V oblasti nejnizSich pritokl je
patrna labilita Cerpadla, ktera je charakteristicka zejména svym propadem v dopravni vysce.
V ramci numerickych simulaci v8ak nebyly zahrnuty mechanické ztraty. Dopravni vySka
Cerpadla v pracovnim bodé zlstala nezménéna. Po ziskani vykonovych charakteristik byl
proveden zavérecny dvoufazovy vypocet pro zjisténi skuteCnych kavitaénich vlastnosti a
strhavacich kfivek.

Na nasledujicich obrazcich je pro srovnani uvedena saci vySka Cerpadla
a rozlozeni tlaku po lopatkach. Hodnoty v obrazku 13 byly ziskany postupnym snizovanim
tlaku na sani do Cerpadla pro rtzné hodnoty pritoku ( Qop, Qsow @ Qi20% ). Nasledné byl
zaznamenan bod, pfi kterém kavitace v obézném kole zpUsobila pokles dopravni vysky
0 3 %.

200
150 “

100

Pa [kPa]

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
5 lopatek OK 4 lopatky OK délka lopatky [-]

Obrézek 12: Srovnani tlakového zatizeni Ctyf-lopatkové a péti-lopatkové variant (90% vysSky
kanalu); Qopt.
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Obréazek 13: Vysledna NPSHs charakteristika jednotlivych variant.
6 Zaver

Pomoci numerickych simulaci jednofazového proudéni je mozné velmi dobfe
srovnavat jednotlivé hydraulické navrhy. Stejné tak na zakladé tlakového zatizeni lopatky
je mozné predikovat, kterd geometricka varianta bude vykazovat lepsi kavitaéni vlastnosti.
Pro potvrzeni spravnosti a ziskani pfesnéjSich dat je vSak tfeba provést dvoufazovy
vypocet. Také je nezbytné provést experiment a fyzicky si ovéfit, zda-li readlny model bude
skutecné odpovidat numerické simulaci.

Nové hydraulické navrhy axialniho erpadla vykazuji velmi dobrou ucinnost v optimu
a to vice nez 91 %, zaroven je spinéna i podminka zadané dopravni vySky. Je v8ak nutné
vzit do Uvahy mirné snizeni u€innosti diky mechanickym ztratam v loziscich
a objemovym ztratam v ucpavkach.

Oproti plvodni varianté se podafilo celkovou ucinnost zvysit téméf o 2,5 %
v optimu. Navy3eni uc€innosti je patrné i v mimooptimalnich bodech Cerpadla. Nejvétsi
pokrok je vSak v oblasti minimalni saci vysky, kde se podafilo hodnotu NPSH3 sniZit az na
hodnotu 5,5 m v optimalnim pratoku, u obou variant. Ctyf-lopatkova varianta vykazuje velmi
nizkou saci vysku, ale v oblasti vy§Sich prutokd dochazi dfive ke kavitaénimu strzeni.

Nejvétsi pozornost byla vénovana &tyflopatkové varianté, ktera v zavéru vykazovala
horSi kavitaéni vlastnosti. Takze stale zlstava pomérné velky prostor k dalSi optimalizaci
péti-lopatkové varianty a moznému dalSimu zlepSeni. Pozornost bude rovnéz vénovana
optimalizaci rozvadécich lopatek, pfipadné dalSi experimenty s prodluZzovanim lopatky
obézného kola na vnéjSi proudnici.

Nadchéazejici vyzkum bude zaméfen na detekci lokalnich nestabilit v NPSH3
charakteristice. Zejména v rozsahu 60% — 80% prutoku v optimu. Zde mlze dochazet
k recirkulaci proudéni na vstupu do obé&zného kola, coz ma za nasledek narust NPSH;
charakteristiky a zhorSeni kavitaénich vlastnosti.
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PRUDENIE V SKARACH OBALOVEHO PLASTA

ADELA PALKOVA, MILAN PALKO
Stavebna fakulta STU v Bratislave, Radlinského 11, 810 05 Bratislava

Abstract: This article is about condensation of vapour in cavity. Cavity running through
external cladding. This problem is artificial of infiltration and exfiltration. Condensation
grievous external cladding. Modeling was made in ANSYS software.

Keywords: Cavity, condensation, infiltration, exfiltration

1 Uvod

Prirodzené vetranie vnutornych priestorov je velmi dblezité pre zdravie Cloveka.
Stanovené je normou a je zavaznym kritériom. Vymena vzduchu pre bytové priestory je
definovana Cislom n = 0,5 (1/h). Ur€uje, aby polovica objemu miestnosti bola vymenena za
1 hodinu. Pre dodrzanie hygienického kritéria o vetrani je nutnostou zabezpecit v
obvodovom plasti perforacie. Vetracie otvory sa mdzu nachadzat v ramci otvorovych
kons$trukcii (oknach), pripadne v neotvaravych Castiach steny (vetracie Strbiny). Velmi
délezitym faktorom ovplyvnujucim platnost pozadovanej vymeny vzduchu je aerodynamika
objektu. Spodsobuje infiltraciu alebo exfiltraciu v zavislosti od gradienta tlaku medzi
interiérom a exteriérom. Transport vzduchu vyvolany tymito javmi unasa so sebou vihkost
obsiahnutl vo vzduchu, ktora prechadza cez konstrukciu pripadne v nej kondenzuje.

2 Prudenie ovplyvnené vonkajSou aerodynamikou

Pradenie vzduchu v dutine je determinované celkovou aerodynamikou budovy. Ak
v ceste vzduchovému prudu vetra stoji nejaka prekazka (budova), prudenie vzduchu je na
naveternej strane zastavené, na bo¢nych stranach je zrychlené a na zadnej strane sa tvoria
viry. Tlak na naveternej strane je preto pozitivny a na ostatnych stranach negativny (satie).
Mézeme teda povedat, ze budova vo svojom okoli modifikuje vzduchovy prud a to nielen
svojim tvarom, ale aj Strukturou povrchov, geometriou prvkov pre€nievajucich z roviny
fasady i fyzikalnymi vlastnostami jej obalovych kons&trukcii (vzduchova priepustnost).
Rozlozenie tlakov na budove opisuje aerodynamicky koeficient externého tlaku Cpe. Tento
indikuje tlak v danom mieste prudenia vo vztahu k dynamickému tlaku volného vetra
(Obr.1):

cpo= (@)
5 * POVw,0

kde:

P je staticky tlak v uréitom bode prudenia (Pa), kde rychlost prudenia je v (m/s)
P? je staticky tlak nerugeného pradenia (Pa), kde rychlost pridenia je V0 (m/s)
P je objemova hmotnost nerugeného pradenia vzduchu (kg/m?3)

V0 je rychlost neruseného prudenia (m/s)
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Obrazok 15 - Aerodynamicky koeficient externého tlaku

Aerodynamicky koeficient externého tlaku udava teda hodnotu tlaku, ktora pésobi v smere
normaly na povrch budovy v dosledku pohybu vzduchu, ktory je v styku s jej povrchom.
MéZeme ho ziskat meranim v aerodynamickom tuneli, alebo pre urcité vzory prudenia aj z
literatury. V su€asnosti napreduju a su taktiez akceptovatelné pocitatové simulacie CFD.
Ak chceme zistit' Cisté zatazenie na Cast povrchu budovy, musime zobrat do uvahy tiez
velkost a rozmer tlakového koeficienta pdsobiaceho na druhu stranu povrchu. Ak koeficient
externého tlaku, ktory vznika z prudiaceho toku vzduchu sme oznacili Cpe a koeficient

interného tlaku oznacime C,i, potom celkovy tlakovy koeficient uréime vztahom:

Cp = Cpe - Cpi

(2)

Vyslednym efektom pbOsobenia tlakovych pomerov medzi interiérom a exteriérom je

infiltracia a exfiltracia (Obr.2).
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Obrézok 2 - Schéma pre aerodynamické zatazenie fasady
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3 Dédsledky pradenia vzduchu v dutinach

Pruadenie chladného alebo zohriateho vzduchu v dutine ovplyviuje rozloZenie teplot
konstrukcie. Na Obr.3 je priebeh tepldt v konstrukcii steny. Okrajové podmienky steny boli
nasledovné. V interiéri je teplota vnatorného vzduchu 20 °C a relativna vihkost vzduchu
50%. V exteriéri je teplota -10 °C a relativna vihkost vzduchu je 80 %. Velkost Spary
prechadzajucej cez konstrukciu je 6 mm. Ako aerodynamicku podmienku pdsobenia
exteriérovych tlakov na obvodovy plast sme si zvolili rozdiel tlakov medzi vndatrom a
vonkajskom. Na Obr. 3 s dokumentované vysledky pre rozdiel tlakov 0 a 10 Pa. Z obrazku
je zrejmé, Ze prudenie vzduchu v Strbine znacne ovplyviiuje rozlozenie tepl6t.

Ap =0 Pa Ap=2Pa
el 2.93e+02
I 285e+02 I 2016402
" 284002 289+02
2826402 sl
281e+02 2.85e+02
280e+02 2836402
2.78e+02 281e+02
277e+02 2.786+02
2.76e+02 2.766+02
2.74e+02 274e+02
2.73e+02 272e+02

Ap =10 Pa

2.93e+02 2.93e+02
I 2916402 y / I 291e+02

| 289402

2.89e+02
287e+02 2.87e+02
2.85e+02 2.85e+02
2.83e+02 2.83e+02
281e+02 281e+02
: 278e+02 . 2.78e+02
' 276e+02 2.76e+02
2.74e+02 2.74e+02
2.72e+02 2.72e+02

Obrazok 3 - Plo$né teplotné polia (K) pre uvedené rozdiely tlakov a Strbinu hribky 6mm.

Ako uZ bolo spominané, pri zmene vonkajSie rozloZenia tlakov a satia dochadza tiez ku
zmene infiltracie a exfiltracie. Tymto dochadza k pristupu teplejSieho vzduchu ku
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chladnej§im povrchom a vznika kondenzat. Uvedena problematika sa stava stéle
aktualnejSia v stavebnej praxi. Na obr.4. je ukazany prejav tohto problému pri okennej
konstrukcii. DOlezitost problému je zjavna.

Obrazok 4 - Prejav kondenzacie vodnej pary a vznik fadu v kon&trukcii okna
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NUMERICAL FEM-BASED MODELING OF A GRADIENT MAGNETIC FIELD
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Abstract: The autors discuss a numerical model formed via the FEM to enable more
accurate magnetic analysis of the electro-hydro-dynamic (EMHD) processes at the level of
atoms. The pre-set spiral magnetic field creates specific EMG conditions for the physical
adjustment of a large periodic system such as a water sample. The sample is considered a
relatively homogeneous periodic structure (deionized, degassed, and distilled H:0);
inserting the liquid in a given magnetic field will affect the relevant bonds. In view of this
fact, the aim of planned research is to deterministically characterize the behavior of a large
periodic system, namely, that of atoms in a water molecule, and to record quantitatively the
changes of such bonds in the examined water samples.

Keywords: Multiscale, FEM model, water, atoms, molecule, gradient field.

1 Introduction

Water with its anomalous physical and chemical properties outranks all other natural
substances on the Earth. Multiple water molecules form a complex, dynamic cluster
exhibiting a specific electromagnetic field distribution; this distribution then characterizes
the macroscopic physical and chemical properties of water. Importantly, ever since the
pioneering work of Rahman and Stillinger, Rahman A and Stillinger F H, J., 1971, the study
of water via computer simulation methods has attracted considerable attention, see Ignatov,
I., Mosin, O.,2013, Ikeshoji, T., Aihara, T., Ohno, K., Kawazoe, Y.,1996, Ohmine, |., Tanaka,
H.,1993, Vostrikov, A.A., Drozdov, S.V., Rudnev, V.S., Kurkina L.l., 2006. The main
procedures in studying such properties are a) computer simulation of water molecules
arranged into compound structures (clusters); and b) setting the experimental measurement
methods to evaluate the properties of water, exploiting diverse approaches based on
various physical and chemical principles. An interesting aspect of water is the hydrogen
bond, which can produce large dynamic networks; these are dynamic according to the
related classic molecular dynamics calculation, Ikeshoji, T., Aihara, T., Ohno, K., Kawazoe,
Y.,1996, Ohmine, |., Tanaka, H.,1993, Vostrikov, A.A., Drozdov, S.V., Rudnev, V.S,
Kurkina L.l., 2006, Bakker, H.J., Kropman, M.F., Omta, A.W., 2005. Computer simulation
methods are capable of complementing various experimental data on liquid water samples
and aqueous solutions, Krishnan, M., Verma, A., Balasubramanian, S., 2001 Chaplin, M.F.,
1999; these sources also suggest specific interpretations as regards the structure of water
molecules. The hypotheses then may allow us to explain many of the anomalous properties
of water, including its temperature. Further, several researchers, Elia, V., Niccoli, M., 2000,
Elia, V., Marchettini, N., Napoli, E. and Tiezzi E.,2016, present experimental results
concerning the physico-chemical properties (electrical conductivity and density) of pure,
twice distilled water. After such iterative filtering, the electrical conductivity increased by two
orders of magnitude, and the density showed variation in the fourth decimal digit. The
papers outline the design of a geometrical model to form a special, spiral, “gradient”
magnetic field, using a relevant analysis.The components of the magnetic field and the
vector of magnetic flux density B exhibit a high degree of inhomogeneity, thus forming a
gradient in the monitored portion of space. The analysis of the results obtained from the
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relevant model indicates the magnetic field distribution, see Bartusek, K., Drexler, P., Fiala,
P., et al., 2010, and is instrumental for setting the conditions of prepared experiments,
Bartusek, K., Kubasek, R., Fiala, P.,2010,

2 FEM Numerical Model

Based on modeling FIALA, P.; DREXLER, P.; NESPOR, D.; URBAN, R.,2014, Fiala,
P Szabo, Z Friedl, M.,2011, Fiala, P., Drexler, P., Nespor, D., 2014, Kadlec, R., Fiala, P.,
2012, Matloch, R., Fiala, P., Dohnal, P., Kadlec, R., 2016, Matloch, R., Fiala, P., Dohnal,
P., Kadlec, R., 2016, NASSWETTROVA, A.; FIALA, P.; NESPOR, D.; DREXLER, P.;
STEINBAUER, M.,2015 the effects exerted by magnetic fields on the elementary particles
of matter BARTUSEK, K.; FIALA, P., 2007, BARTUSEK, K.; FIALA, P.; BACHOREC, T.;
KROUTILOVA, E., 2007, the adopted simulation procedure can be considered appropriate
and suitable for capturing the influence of an external magnetic field on the EMHD
processes in elementary particles of matter, FIALA, P., 2011. The fundamental force acting
on the elements via an external electromagnetic (EMG) field having a non-zero electric
charge g is written as

F=q(E+vxB), (1)
where B is the vector magnetic flux density in the space of a moving electrically charged
particle, g denotes the volume density, v represents the mean velocity of the charged
particle, and E is the electric intensity vector. Then, the specific force f acting on the moving
electrically charged particles with a charge q is

f:%(aws), 2

where Nq denotes the number of electrically charged particles, and V is the volume around
the electric charges Nq. The dependence of the electrically charged particle g frequency on
the values of the EMG field can be expressed as

: 3)

where X is the distance of an oscillating particle with an electric charge g, which moves and
changes trajectory at a velocity v, and m, denotes the mass of an electrically charged
particle in the EMG field. The numerical model will be derivable from the formulation of the
reduced Maxwell’s equations as

r0tE=—%+r0t(VXB)- rotH=J +%+rot(v><D) 4)

divB =0, divD=p, (5)
where H is the magnetic field intensity vector, J the current density vector, and D the electric

flux density vector. The material relationships for the macroscopic part of the model are
represented by the formulas

B:yo,urH, D=sy5E (6)

where u represents the quantity indexes of the permeabilities and permittivities, r denotes
the quantity of the relative value, and O is the value of the quantity for vacuum. The
relationship between the macroscopic and the microscopic (dynamics of particles in the
electromagnetic field) parts of the model, see DREXLER, P.; FIALA, P.; STEINBAUER, M.;
KRIZ, T.; FRIEDL, M.,2015, Fiala, P., Gescheidtova, E., Jirku, T, 2009, FIALA, P.;
NESPOR, D.; DREXLER, P.; STEINBAUER, M.,2016, DREXLER, P.; FIALA, P,
STEINBAUER, M.; KRIZ, T.; FRIEDL, M., 2015, is described by the relations of force action
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on the individual electrically charged particles g in the electromagnetic field, and the effect
is respected of the movement with velocity v of electrically charged particles on the
surrounding electromagnetic field, according to Hutova, E., Bartusek, K., Fiala, P., 2013,
Fiala, P. Werner, P. Osmera, P., Gescheidtova, E., Drexler, P. and Kriz, T., 2017, Fiala, P.
Werner, P. Osmera, P. and Dohnal, P., 2017, DREXLER, P.; FIALA, P.; NESPOR, D.;
STEINBAUER, M.; KRIZ, T.; FRIEDL, M.,2015. We then have

d
rotE:—a—B+rot(v><B)—£rot pv+ijut+J+l Me V+|v+kjvdt
ot 14 q dt t

e

d
rotH=yE+pv+y(vx B)+7(mz Y +lv+k[v dtJ+ijut+%+rOt(v>< D)- (7)
t t

e

By applying the Galerkin method to find the functional minimum (as described in, for
example, reference E. W. Weisstein, 2015) and considering the boundary conditions, we
obtain the numerical model as a system of non-linear equations to be solved by standard
methods in the ANSYS FEM system, ANSYS, 2018.

3 Numerical model analysis

In order to create conditions typical of the external magnetic field B in the numerical

model characterized by the above formula (7), we set up a geometrical model according to
Fig. 1. The task comprised two plastically modifiable permanent magnets (PM), Stratton,J.
A., 1961, M; and M2, whose magnetization was oriented as shown in Fig. 1. The magnetic
field, preset in the indicated manner, then formed a spiral gradient magnetic field inside the
configuration space; this latter field, Muscia,R., 2008, then acted on the microscopic model
of matter, or the tested water sample (7), (12), (13), by influencing the dynamics of the
moving components of matter having a velocity v and electric charge g. The magnetic field
associated with the spiral arrangement of the permanent magnets was analyzed using
Ansys APDL, ANSYS, 2018. The created mathematical model convenient for the EMHD
setting (7) exhibited the geometrical parameters of ¢ R1=150 mm, 1=200mm. The static
distribution of the magnetic field, namely, the module of magnetic flux density B, is
presented in Fig. 2, on the surface of the cylinder illustrated in Fig. 1.
Following the analysis of the model, the magnetic field distribution was interpreted at
multiple scales. The first, or global, one is shown in Fig. 2; the maxima of the module of
magnetic flux density B are within units of [T]. At the second scale, the field distribution had
to be selected such that the vicinity of the permanent magnets was captured; the
corresponding units are those of [mT], Fig. 3. The third level to represent the magnetic field
is within units of [uT]. The properties and shape of the magnetic field in the majority volume
of the cylinder can be outlined by drawing the vectors of magnetic flux density B, as
indicated in, for example, Fig. 4.

cylinder

4R

Fig. 1 A geometrical model of the spiral arrangement of the PMs in a cylinder.
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207692 415385 623077
103846 311538 519231 726923

Fig. 2 The evaluation of the magnetic flux density module B[T] in the modeled spiral arrangement of
the permanent magnets: a) the region of the permanent magnets; b) the region near the permanent
magnets in a cylinder.

147E-06 579E-03 001157 001736 002508
289F-03 B68E-03 001447 002025

Fig. 3 The evaluation of the magnetic flux density module B[T] in the modeled spiral arrangement of
the permanent magnets, related to the surface of the cylinder: a) the surface of the cylinder; b) the
vicinity of the surface, or the remote region with respect to the magnets.

088889
8 1

022222
011111

Fig. 4 The evaluation of the magnetic flux density vector B[T] in the modeled spiral arrangement of
the permanent magnets, related to the volume of the cylinder: a) at one third of the cylinder height;
b) at one half of the cylinder height.
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If there is a moving element of the system in the model with a scale difference, it becomes
easier to describe the state and effect of the superposed electromagnetic field by
expressing the time flux density 7. The time flux can be different or inhomogeneous in parts
of the area Q. It is then possible to write

t:ﬂr'ds- (8)

After extending the expression with the time flux density for the Cartesian coordinate system
0, X, Y, z, we have
dt dt dt
T = u,+ u,+ u,
dydz dzdx ¥ dxdy
1 1 1 (9)

v, (t)dx uX+vy (t)dy uy+vZ (t)dz Uz

X

where uy, Uy, U, are the base vectors of the coordinate system. The time density depends
on the instantaneous velocity of the particle motion in the quantum mechanical model and
on the element of length d. Then, for the motion of the electrically charged particle along
the element of the closed curve dO (according to the microscopic interpretation), it is
possible to write

Edﬁ :(r’le) in Q.

e
(10)
E,dyu,+Edzu, =v dzB u,-v dzB,u , (11)
For the #, the Poynting vector equals
II=u, ((vyBZ -v,B, )(vyDX )) +u, ((vsz -v,B, )(VZDX )) (12)
EH,u,~EH,u, =u, ((vsz -v,B, )(v,D, )) +u, ((vsz -v,B, )(VZDX)) : (13)

Generally, if an electrically charged particle moves in a magnetic field having a
magnetic flux density B, and if the dimensions of the area Q are many times larger than the
electrically charged particle or groups of particles, we need to consider the question of how
the motion of the particle is influenced and what the observable oscillation changes are,
namely, the time flux density changes in parts of the area Q. In the model of matter, the
charged particles move in a nuclear structure, and their motion dynamics are changed by
an external magnetic field.

A simple material heating test can demonstrate the influence of an external magnetic
field on the elementary model of matter, using the thermodynamics law. We tested basic
variants of the state of the macroscopically interpreted distribution of an external magnetic
field having a magnetic flux density B, Hutova, E., Bartusek, K., Fiala, P. , 2013, VLACHOVA
HUTOVA, E.; BARTUSEK, K.; DOHNAL, P.; FIALA, P., 2017, BARTUSEK, K.; MARCON,
P.; FIALA, P.; MACA, J.; DOHNAL, P., 2017, VLACHOVA HUTOVA, E.; BARTUSEK, K;
FIALA, P., 2016; the actual cycle was performed utilizing the results obtained from previous
experiments, RODA, O., GARZON, I., CARRIEL, V., et al., 2011.

4 Conclusion

The results of the FEM-based numerical analysis that examined the setting of the
magnetic bands (permanent magnets) revealed a non-trivial gradient distribution of the
magnetic field in the monitored space, assuming both the qualitative and the quantitative
perspectives. Importantly, the distribution of the quantities (the magnetic flux density B) has
to be monitored at different levels to capture and describe the shaping of the field
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components. Based on the analyses of the numerical model, we set up an experimental
device that is currently being used for the testing of the water samples and the measurement
of their macroscopic physical properties, including, for example, the electric conductivity or
the drops surface tension.
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Abstract: The paper presents an experimental model, numerical modeling, and
measurement of a material inserted in various types of magnetic field. The model accepts
the time component of an electromagnetic field from the perspective of the properties of
matter. In micro- and nanoscopic objects, such as the basic elements of matter, the effect
of an external magnetic field on the growth and behavior of the matter system needs to be
evaluated. Within our research, the applied experimental model based on a description of
the given electromagnetic field was tested in a comprehensive manner, and we also
extended the monitored quantities to include various flux densities. Experiments were
conducted with the growth properties of simple biological and live samples in pre-set
external magnetic fields.

Keywords: EMG field, external magnetic field, time flux density, relativity.

1 Introduction

The article outlines the electromagnetic (EMG) field parameters for the parametric
description of the growth properties of simple tissue structures in relation to a present
external magnetic field; the results of the research are to clarify the effects of magnetic
(geomagnetic) field changes on such cultures. The papers RODA, O., GARZON, I.,
CARRIEL, V., et al., 2011, ELAHEE, K. B., POINAPEN, D., 2006, DOMINGUEZ, P. A.,
HERNANDEZ, A. C.,, CRUZ, O. A, et al.,, 2010 discuss various approaches to the
investigation of an external magnetic field on the surrounding environment.

According to an earlier study, Montgomery, D Turner, L., 1981, a strong external
magnetic field introduces a basic anisotropy into incompressible magneto-hydrodynamic
turbulence. The conclusion is reached that the turbulent spectrum splits into two parts: an
essentially two-dimensional spectrum with both the velocity field and the magnetic
fluctuations perpendicular to the magnetic field, and a generally weaker and more nearly
isotropic spectrum of Alfven waves. The influence of an external magnetic field on a
biological system including nanopatrticles is then analyzed, together with the activation of
such a system, in article Bachelet-Violette,L., Silva, A. K. A, Marie, M., Michel, A., Brinza,O.,
et al.,2014.

The results of the research into the influence of external magnetic fields are
presented within a large number of sources, such as those that discuss the modeling of
matter based on quantum theory, Yang Sun, Yuguang Chen, and Hong Chen, 2003 ; the
referenced article investigates the thermal entanglement in the two-qubit Heisenberg XY
model with a nonuniform magnetic field, and the authors find that the entanglement and the
critical temperature TC may be enhanced under a nonuniform magnetic field. A paper by
Charles B. Grissom,1995, then attempts to clarify the mechanism of the influence of an
external magnetic field on radical-pair (RP) recombination from the perspective of a
chemical model for the description of the sample properties.

Similarly to our previous egperiments, Hutova, E., Bartusek, K., Fiala, P.v, 2013,
VLACHOVA HUTOVA, E.; BARTUSEK, K.; DOHNAL, P.; FIALA, P., 2017, BARTUSEK, K.;
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MARCON, P.; FIALA, P.; MACA, J.; DOHNAL, P. , 2017, VLACHOVA HUTOVA, E.;
BARTUSEK, K.; FIALA, P., 2016, we tested the proposed numerical model and measured
the material heating speed; further, a method was designed for the accurate verification of
heating speed changes depending on the external magnetic field. The present paper
proposes, among other aspects, a very detailed analysis of the influence of a magnetic field
upon inanimate objects, considering also the relevant impact on live organisms; associated
details are available from several sources, in particular Reshetnyak, S.A., Shcheglov, V. A.,
Blagodatskikh, V. I. et al, 1996.

2 The electromagnetic field and a model of moving electric charges

When verifying the applied experimental electromagnetic hydrodynamic model, we
measured the temperature change of a copper sensor in a stationary homogeneous and
gradient magnetic field. More than 10 times, the given sample was cooled down to the
nitrogen boiling point (-195.80°C to 77.35 K); the sample was then removed at the pre-
selected time and subsequently heated in another area to the temperature of -20 °C. Using
the measuring apparatus and 3 temperature sensors (1 sensor measuring the temperature
of the sample and 2 others to measure the ambient temperature), we recorded the
temperature change in the sample and the required heating time. This experiment was
repeated with four magnetic fields.

In a numerical model based on distributed parameters of the electromagnetic field,
it is possible to use partial differential equations in conjunction with the electromagnetic field
theory to formulate a coupled model with concentrated parameters (in our case, particles),
as proposed within Hutova, E., Bartusek, K., Fiala, P. , 2013, VLACHOVA HUTOVA, E;
BARTUSEK, K.; DOHNAL, P.; FIALA, P., 2017, BARTUSEK, K.; MARCON, P.; FIALA, P ;
MACA, J.; DOHNAL, P., 2017, VLACHOVA HUTOVA, E.; BARTUSEK, K.; FIALA, P., 2016.
The details of the experimental model, Fiala, P Szabo, Z Friedl, M., 2011, including the
relative time density ¢ (Fig. 1) are analyzed herein. The relationship between the
macroscopic and the microscopic (dynamics of particles in the electromagnetic field) parts
of the model is described by the relations of force action on the individual electrically
charged particles in the EMG field, and the effect is respected of the movement of the
electrically charged particles on the surrounding electromagnetic field, where B is the
magnetic flux density vector in the space of a moving electrically charged particle with the
volume density p; v is the mean velocity of the particle, v=ds/dt; s denotes the position
vector from the beginning of the coordinate system o; t is the time; E represents the electric
intensity vector; and Q is the definition region of the independent variables and functions.
The properties of the area Q are described by the mutual relationship between the
intensities and inductions as defined by

I‘OtE:—%+rOt(VXB)- rotH=J +%)+rot(VXD) (1)

divB =0, divD=p, (2)
where H is the magnetic field intensity vector, J the current density vector, and D the electric

flux density vector. The material relationships for the macroscopic part of the model are
represented by the formulas

B=pguH , D=545 E 3)

where u represents the quantity indexes of the permeabilities and permittivities, r denotes
the quantity of the relative value, and O is the value of the quantity for vacuum. The
relationship between the macroscopic and the microscopic (dynamics of particles in the
electromagnetic field) parts of the model, DREXLER, P.; FIALA, P.; STEINBAUER, M;
KRIZ, T.; FRIEDL, M.,2015, Fiala, P., Gescheidtova, E., Jirku, T, 2009, FIALA, P.;
NESPOR, D.; DREXLER, P.; STEINBAUER, M., 2016, is described by the relations of force
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action on the individual electrically charged particles in the electromagnetic field, and the
effect is respected of the movement of electrically charged particles on the surrounding
electromagnetic field according to Hutova, E., Bartusek, K., Fiala, P., 2013, Fiala, P.
Werner, P. Osmera, P., Gescheidtova, E., Drexler, P. and Kriz, T., 2017, DREXLER, P.;
FIALA, P.; NESPOR, D.; STEINBAUER, M.; KRIZ, T.; FRIEDL, M., 2015:

d
rotE=—%+rot(vx B)—lrot[pv+j0put+‘]+7£mev+|v+kjv dtD
7 t

e dt
d
rotH=yE +pVv+y(vx B)+7(mev+lv+ kv dtJ+ijut+@+rOt(Vx D)- (4)
qe \ dt t ot

The coupling of both models is formulated using both equation (5) and the formula

q m_dv
qe(E+VXB)+e(pv+ijut a(gE)j: € 4lv+kjvdt. (5)

¥ at dt t

The known quantities are magnetic flux ¢, current flux I, and electric flux having the
magnitude q:

¢:jer.ds,|:jrj3-ds,q:jrjo-ds, (6)

where S is the vector of the oriented boundary (in a 3D model of the plane), and I" denotes
the boundary of the area Q, in which the flux is evaluated; see FIALA, P.; DREXLER, P;
NESPOR, D.; URBAN, R.,2014, Bartusek, K., Drexler, P., Fiala, P., et al., 2010, Bartusek,
K., Kubasek, R., Fiala, P.,2010, Fiala, P., Drexler, P., Nespor, D., 2014, Fiala, P., Drexler,
P., Nespor, D., Szabo, Z., Mikulka, J., Polivka, J., 2016, Fiala, P., Jirku, T., Drexler, P., et
al., 2010, Fiala, P. Werner, P. Osmera, P. and Dohnal, P., 2017, Matloch, R., Fiala, P.,
Dohnal, P., Kadlec, R., 2016, NASSWETTROVA, A.; FIALA, P.; NESPOR, D.; DREXLER,
P.; STEINBAUER, M.,2015, Kadlec, R., Fiala, P., 2012, Kadlec,R., Roubal, Z., Fiala, P.,
Kroutilova, E., 2012, Fiala, P. Werner, P. Osmera, P. and Dohnal, P., 2017.

If there is a moving element of the system in the model with a scale difference expressed
in orders, it becomes easier to describe the state and effect of the superposed
electromagnetic field by expressing the time flux density 7. The time flux can be different or
inhomogeneous in parts of the area Q. It is then possible to write

IZJJT-dS- (7)

After expanding the expression with the time flux density for the Cartesian coordinate
system o, X, Y, z, we have
dt dt dt
T = u,+ u,+ u,
dydz dzdx ¥ dxdy
1 1 1
8

v, (t)dx ux+vy (t)dy uervZ (t)dz Uz

where uy, Uy, U, are the base vectors of the coordinate system. The time density depends
on the instantaneous velocity of the particle motion in the quantum mechanical model and
on the element of length d0. Then, for the motion of the electrically charged particle along
the element of the closed curve dO (according to the microscopic interpretation), it is
possible to write

f(Exde)=g(r*xB),
qu/z:(r-le) in Q. )
E,dyu,+E,dzu, =v,dzB u,-v,dzB,u,, (10)
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For the %, the Poynting vector equals
II=u, ((vyBZ -v,B, )(vyDX )) +u, ((vsz -v,B, )(VZDX )) (11)

EH,u,—EH,u, =u, ((vsz -v,B, )(vny)) +u, ((vsz -v,B, )(VZDX)) . (12)

Generally, if an electrically charged particle moves in a magnetic field having a

magnetic flux density B, and if the dimensions of the area Q are many times larger than the
electrically charged particle or groups of particles, it is necessary to consider the question
of how the motion of the particle is influenced and what the observable oscillation changes
are, namely, the time flux density changes in parts of the area Q. In the model of matter,
the charged particles move in a nuclear structure, and their motion dynamics are changed
by an external magnetic field.
Thus, a simple material heating test can be carried out to demonstrate the influence of an
external magnetic field on the elementary model of matter, using the thermodynamics law.
We tested four basic variants of the state of the macroscopically interpreted distribution of
the external magnetic field having a magnetic flux density B, Hutova, E., Bartusek, K., Fiala,
P. , 2013, VLACHOVA HUTOVA, E.; BARTUSEK, K.; DOHNAL, P.; FIALA, P., 2017,
BARTUSEK, K.; MARCON, P.; FIALA, P.; MACA, J.; DOHNAL, P. , 2017, VLACHOVA
HUTOVA, E.; BARTUSEK, K.; FIALA, P., 2016. Using the results obtained from the first
experiments, RODA, O., GARZON, |.,, CARRIEL, V. et al., 2011, we designhed an exact
technique for measuring the temperature change in the examined copper sample (Fig. 2).

The conditions for the setting of the external magnetic field were taken over from the first
experiment and then extended with a fourth setup:

1. The external magnetic field exhibits low values-A of magnetic flux density B, and
its distribution is homogeneous on the microscopic scale. We then have B = min (Earth's
magnetic field), dBx/ox = 0, dBy/ldy = 0, and dBz/dz = 0 in at least one direction of the
coordinate system and respecting the curl character of the field.

2. The external magnetic field exhibits higher values-B of magnetic flux density B,
and its distribution is homogeneous on the microscopic scale. We then have B = max,
dBx/ox = 0, dBy/oy = 0, and dBz/oz = 0 in at least one direction of the coordinate system
and respecting the curl character of the field.

3. The external magnetic field is inhomogeneous-C on the macroscopic scale. We
then have dBx/ox # 0, dBy/dy # 0, and dBz/dz # 0, respecting the curl character of the field.

4. The external magnetic field exhibits higher values and gradient-D on the
macroscopic scale. We then have B = max, dBx/dx # 0, dBy/dy # 0, and dBz/oz # O,
respecting the curl character of the field.

y
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z
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dy Y
dS= dydz ux
,ds é ’
— & T
d ) ' vV oz
dy/dt : By !
a) b)

Fig. 1. The schematic quantities to express a) the time flux density z; and b) the external
EMG field.
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Fig. 2. The schematic quantities from formula (8) to express a) the function g; and b) the
function f, Poynting vector /71

3 Numerical model analysis

In accordance with Hutova, E., Bartusek, K., Fiala, P., 2013, we used a simple
analysis, ANSYS manuals, 2018, of the applied FeNdB permanent magnet blocks having
the dimensions of 10x25x50 [mm], surface magnetic flux density of B, = 1.1 - 1.2 [T], and
intensity of Heo = 750 — 1350 [KA/m]. During the experiment, an element evaluating the
observed macroscopic behavior of matter was inserted in the inhomogeneous magnetic
field areas, Fig. 3-Fig. 6.

4 Experiments

The verification of the difference in the properties of the microscopic model of matter
under the pre-defined condition of the external magnetic field was performed using a copper
element (cube) having the dimensions of 10x10x10 [mm], Fig. 7. A stainless steel wire of 1
mm in diameter attached to the cube facilitated all types of mechanical manipulation with
the object. The temperature of the examined Cu cube was measured with a PT100 sensor
(Heraeus MR828) of 3 [mm] in diameter placed inside the element. First, the cube was
cooled down to -193[°C]; subsequently, after the temperature had stabilized, we heated the
object to the ambient temperature of 20[°C]. The heating period was measured repeatedly,
starting from -185°C and gradually rising to +10[°C].

B
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Fig. 3. The permanent magnet conflguratlon a weakly homogeneous field, low values-A.
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Teflon band Cu plate, 200x200x20 mm FeNeBo permanent magnet Opening to hold the measured Cu
Cube , 10x10x10 mm

Fig. 8. The detailed configuration of the experiment.

The above limits had been chosen with respect to suppressing the systematic measurement
error in the experiment; the actual experiment is shown in Fig. 2. The Cu cube was heated
through a copper block having the dimensions of 200x200x20 [mm]; this block exhibited a
sufficient thermal capacity, and its temperature increased by less than 1[oC] during the
experiments.

Bores of 10x10 [mm] and 74x12 [mm] were made in the Cu plate to allow the
insertion of the cube and the permanent magnets, respectively, with the distance of 18 [mm]
between the bores (Fig. 8). In the related experiments, we used FeNdB permanent magnet
blocks having the dimensions of 10x25x50 [mm] and exhibiting the surface magnetic flux
density of Br=1.2 [T] and intensity of Hco = 850 [KA/m]. The seating of the permanent
magnets in the Cu block grooves (Fig. 8) facilitated the formation of three types of magnetic
field with a flux density B and angle ¢, Fig. 9a). The detailed configuration of the fields is
shown in Fig. 9a), and the results of the numerical analyses are presented in Fig. 9b). The
magnets were separated from the Cu block with a Teflon band of 1 [mm] in thickness to
reduce the heat flux into the cube, Fig. 8). The Cu block heating was monitored by two
PT100 sensors. The cube and block temperatures were sensed by the three applied
temperature probes and recorded via a data acquisition/switch unit HP54070A. The aim of
the experiment was to repeat the previous measurement characterized in Hutova, E.,
Bartusek, K., Fiala, P. , 2013, VLACHOVA HUTOVA, E.; BARTUSEK, K.; DOHNAL, P.;
FIALA, P., 2017, BARTUSEK, K.; MARCON, P.; FIALA, P.; MACA, J.; DOHNAL, P. , 2017,
VLACHOVA HUTOVA, E.; BARTUSEK, K.; FIALA, P., 2016 and to verify the results.

5 Evaluation of the experiments

The Cu cube was immersed in liquid nitrogen and cooled until its temperature
stabilized; subsequently, the cube was mechanically transferred to the Cu block, and the
temperatures were measured continuously during the process. The heat flux from the block
warmed the cube, increasing its temperature until the temperatures levelled off. At this point,
the measurement was completed. An example of temperature waveforms during one
measurement cycle is presented in a relevant research report, VLACHOVA HUTOVA, E.;
BARTUSEK, K.; DOHNAL, P.; FIALA, P., 2017. The four-terminal impedance measurement
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(PT100) is repeated ten times for the configurations without a magnetic field, with
homogeneous magnetic fields of the first (setup B) and the second (setup D) types, and
with a gradient field (setup C), Fig. 9. To evaluate the heating speed in the Cu cube, we
selected two impedance levels for the Pt sensor, namely 25[Q] (-185 [°C]) and 104[Q] (+10
[°C]), and set the heating times between these levels. The exact times were recorded
together with the temperatures measured by the three sensors, VLACHOVA HUTOVA, E.;
BARTUSEK, K.; DOHNAL, P.; FIALA, P., 2017. Figure 10 illustrates several magnetic field
effects on identical samples of single biological cultures.

FeNdB magnet FeNdB magnet FeNdB magnet
N N N
B
Cu T Cu B Cu G
cube cube E ~ cube 2 ~
S S N
FeNdB magnet FeNdB magnet FeNdB magnet
Homogeneous magnetic field | Homogeneous magnetic field 11 Gri(;ien_}/magne_tig;ioeld
(270 mT, $=90°) (250 mT, 4= 64°) (19 mT/m, $=69°7)
Setup B Setup D Setup C

Setup C

Fig. 9. a) The detailed configuration of the magnetic fields; b) the results of the numerical analyses:
vector magnetic flux density B.

a)
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d) e)

Fig. 10. The test samples demonstrating the growth properties of single tissue cultures for different
external magnetic field settings: a) homogeneous field Il, setting D; b) homogeneous field I, settings
B; c), d) gradient field, setting C; e) Earth’s field, setting A.

6 Conclusion

The results of the numerical analyses, the magnetic field evaluation, and the
experiments with inorganic and organic materials were verified and confirmed. The
confirmation was obtained through the observation of changes in the structural physical
conditions of both the applied inorganic material and the organic living samples. The
experiments were carried out repeatedly, and a statistical analysis of the measured data
was performed.The methodology of measuring the dynamic system on the subcooled Cu
sample was also verified repeatedly. The temporary increase in the temperature of the
sample exposed to pre-defined external magnetic fields was measured. The tissue cultures
were simultaneously tested on the influence of magnetic fields, and the resulting growth
rates were evaluated.
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FEM-BASED MODELING OF RESONANT STRUCTURES
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Abstract: The paper presents numerical models to simulate tuned periodic structures,
especially in the infrared region of the electromagnetic spectrum. Different options to set up
the models are demonstrated, considering the targeted manufacturing technologies within
organic and inorganic materials designing. The results of the research are applicable to
various extents in multiple, hybrid methods for assembling numerical models to analyze the
electromagnetic field.

Keywords: Modeling, structure, resonant, element, FEM.

1 Introduction

In the natural and technical contexts, the research into periodic structures within, for
instance, infrared (IR) radiation, involves the designing, use, measurement, and description
of the electromagnetic (EMG) properties of the elements applied in such architectures; the
individual operations and their stages are discussed in multiple relevant sources, including
Fiala, P., Gescheidtova, E., Jirku, T, 2009; Ilyin, N. V, Kondratiev, I. G., Sapogova, N. V.
and Smirnov A. |., 2006; Zhang, J, Chen, H., Ran, L., Luo, Y. and Kong, J. A., 2007; Hobson
P., Andrew, P., Hallam B., Lawrence, C., 2014; Fiala, P., Drexler, P., Nespor, D., 2014;
Fiala, P., Drexler, P., 2012; Kadlec, R., Fiala, P., 2012; Kadlec, R., Roubal, Z., Fiala, P.,
Kroutilova, E., 2012; Polivka, J., Fiala, P., Machac, J., 2011; FIALA, P., NESPOR, D.,
DREXLER, P., STEINBAUER, M., 2016; Matloch, R., Fiala, P., Dohnal, P., Kadlec, R.,
2016; Fiala, P., Drexler, P., Nespor, D., 2014; Bartusek, K., Drexler, P., Fiala, P., et al.,
2010; Fiala, P., Drexler, P., Nespor, D., Szabo, Z., Mikulka, J., Polivka, J., 2016; Bartusek,
K., Kubasek, R., Fiala, P., 2010; Kadlec, R., Roubal, Z., Fiala, P., Kroutilova, E., 2012. The
structures may comprise elements either resonating individually or forming a resonant unit
Fiala, P., Gescheidtova, E., Jirku, T, 2009. A typical example of the latter group is a periodic
resonator structure composed of elements to facilitate the implementation of technologies
relying on inorganic, Fiala, P., Gescheidtova, E., Jirku, T, 2009; Ilyin, N. V, Kondratiev, I.
G., Sapogova, N. V. and Smirnov A. ., 2006; Zhang, J., Chen, H., Ran, L., Luo, Y.and Kong,
J. A., 2007; Hobson P., Andrew, P., Hallam, B., Lawrence, C., 2014; Matloch, R., Fiala, P.,
Dohnal, P., Kadlec, R., 2016, or organic materials designing, FIALA, P.; NESPOR, D;
DREXLER, P.; STEINBAUER, M., 2016. In the organic context, we can then refer to the
manufacturing of OLEDs as an illustrative application. Periodic structures and systems
exhibit nontrivial spatial distributions and formation of the electromagnetic field; in the time
domain, it is thus possible to observe different types of electromagnetic wave propagation
showing corresponding degrees of complexity. In order for the design of such periodic
systems to be rationally and methodically processible, we need to know - from both the
detailed and the global perspectives - the properties of the distribution of the
electromagnetic field, together with the related response. As regards inorganic technologies
and models, the electromagnetic properties remain comparatively simple; organic
structures, however, are already characterized by a more complicated distribution and
propagation of electromagnetic waves.
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2 Modeling and analyzing an inorganically periodic structure

Any periodic system designed to effectively regulate the propagation of an
electromagnetic wave, Fiala, P., Drexler, P., Nespor, D., 2014, and to control the distribution
of the EMG field must be based on a good insight into the spatial distribution of the individual
components of the electromagnetic field (Fig. 5) in the domains of the structure’s elements
and its surroundings. For simplicity, the distribution is represented at a selected time instant
to, including the modules or vectors of the desired functions. In terms of the general
evaluation of the structure and considering the propagation of a signal along or through the
object, it is appropriate to assess the Poynting vector in the time domain If{t) and the
complex quantity ZZ, which represent the signal and its propagation. In the given respect,
the knowledge of methods to measure signals in a real interference environment, such as

that for VHV applications, is of major benefit; see Fiala, P., Jirku, T., Drexler, P. et al., 2010.
Material with nanolayers, z

metamaterials, etc. I i y
Incident wave mm

(A =<750,2500> nm)

Periodic structure — natural
or synthetic (metamaterials)

Local resonant area with
plasmons, solitons, etc.

Figure 1. The wavelength change: a transparent system with a multilayered material and
nanomaterial-based surface modifications; metamaterial structures.

z Periodic structure
]Ly. Z
0 X
Y. A
0..’ /
Incident wave 'o..
(A =<750,4000> nm) n
’0

Local resonant area with resonators,

a) b)
Figure 2. Periodic resonant structures based on inorganic technologies: a) a structural setup; b) an
experimentally designed structure.

At present, nanometric materials and surfaces are being developed both
theoretically and technologically; this process then also involves the testing of periodic
resonant systems, Fiala, P., Drexler, P., Nespor, D., 2014, which exploit or originate from
periodic structures, metamaterials, and nanomaterial-based natural or synthetic surfaces.
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The properties of such surfaces and materials are being investigated, and one of the
application fields is within the IR EMG wave structure and the related transfer of a given
wave to another EMG wave, such as one within the visible spectrum.

LCD OLED
e e B

Back-Light

Figure 3. The organic technology to produce resonators (OLEDS).
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Figure 5. An electromagnetic field: the distribution of the magnetic H[A/m] and electric E[V/m]
components for the frequency of f=3.3 THz.

An exemplary inorganic structure with a very simply configured periodic architecture
is introduced in Fig. 4. The related Figure 5 then displays the distribution of the electric
component of an EMG wave having an electric intensity E[V/m] and the associated
magnetic component having a magnetic intensity H/A/m]. More complex architectures and
models of resonant structures are inherent to organic periodic systems.

3 FEM analysis of an organically designed periodic structure

According to already proposed interpretations, Polivka, J., Fiala, P., Machac, J.,
2011, FIALA, P.; NESPOR, D.; DREXLER, P.; STEINBAUER, M., 2016, evaluating the
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propagation of an EMG wave in a graphene-based structure with the theoretical periodicity
of 100% involves defining the signal propagation via the Poyinting vector in the time domain
ITt). This is due to the fact that the Poynting vector is a function of the components of the
given EMG field; we have

I(t)=E(t)xH(1), (1)

where E(t) is the instantaneous value of the electric field intensity vector, and H(t) denotes
the instantaneous value of the magnetic field intensity vector.

Figure 6. The organic approach to producing resonant structures: a theoretical graphene polymer

architecture.

The components of the electric and the magnetic fields originate at the level of the
atomic structure of the assembled elements. The motion of the electric charge q of
elementary particles of matter, such as electrons, forms the current density J, which then
embodies the basis for modeling with Maxwell's or reduced Maxwell’'s equations, using
standard tools. This approach to modeling, however, appears to be limiting at the atomic
level; thus, structural procedures, Werner, P., 2018; Fiala, P. Werner, P. Osmera, P.,
Gescheidtova, E., Drexler, P. and Kriz, T., 2017; Fiala, P., Werner, P., Osmera, P. and
Dohnal, P., 2017, are applicable where the quality of the analysis of effects in distinctly
organic resonant systems has to be increased. The partial components of the monitored
electromagnetic field distribution and functions are represented in Fig. 7, ANSYS manuals,
2018. The related images show the distribution of the instantaneous value of the current
density, J(t), Fig. 7a); the instantaneous value of the intensity of the electric field, E(t), Fig.
7b); the instantaneous value of the magnetic flux density, B(t), Fig. 7c); and the
instantaneous value of the Poynting vector, 77 (t), Fig. 7d).
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Figure 7. The EMG field distributed in the atomic thickness of a polymer: a) the current densities,
J[pA/um?]; b) the electric components, E[V/um]; ¢) the magnetic components, B[kg/pA/s?]; d) the
module of the Poynting vector, 7[pW/um?], for the frequency of f=3.3 THz.

4 Designing a periodic structure to form a FEM model, and an EMG wave analysis

The utilizable or target properties of single and multilayered architectures with
periodic resonant structures often provide the basis for SMART nanoelectric systems. The
two fundamental approaches to designing and manufacturing periodic structures then
employ 100% periodicity properties generated during controlled reduction of the periodicity
rate, NASSWETTROVA, A.; FIALA, P.; NESPOR, D.; DREXLER, P.; STEINBAUER, M.,
2015; Fiala, P., Szabo, Z., Friedl, M., 2011; DREXLER, P.; FIALA, P.; NESPOR, D.;
STEINBAUER, M.; KRIZ, T.; FRIEDL, M., 2015; DREXLER, P.; FIALA, P.; STEINBAUER,
M.; KRIZ, T.; FRIEDL, M., 2015; FIALA, P.; DREXLER, P.; NESPOR, D.; URBAN, R.,2014.
In this manner, it is possible to obtain the desired minor effects (including, for instance, EMG
wave phase shifts and repeated specific responses convenient for coding, optics, signal
transmission, etc.) that will enable the given system to be classified into the SMART
category.
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The above-characterized design, exploiting well-established hypotheses of quantum
mechanics and supported by numerical analysis, nevertheless has certain limits. Although
the geometrical portion of the modeling probably does not constitute an obstacle,
comprehending the description of matter at the level of atoms and substructures is
restrained by the common conventions relevant to such description; the resulting analysis
then may not correspond to the achieved experimental outcomes (or measurements and
observations). A detailed and more precise expression of the distribution of the functions of
an electromagnetic field at lower dimensional stages, hamely, those of subatomic or atomic
classification, requires a specific technique to model the structures, Fiala, P. Werner, P.
Osmera, P. and Dohnal, P., 2017. In this context, we can benefit from substructuring and
submodeling tools, which, however, need to be accompanied by a concept of the structure
of matter other than that resulting from the probabilistic domain represented by a sphere. A
suitable solution may consists in the toroid-based interpretation, as described in source
Fiala, P. Werner, P. Osmera, P., Gescheidtova, E., Drexler, P. and Kriz, T., 2017.

5 Conclusion

The discussion characterizes the organic and inorganic approaches towards
designing and setting up numerical models of tuned periodic structures. The relevant
architectures enable us to select the periodicity rate, namely, to model deliberate non-
observance of periodicity or deviation caused by the error rate of the structure. Importantly,
the hitherto obtained experience and the anticipated degree of definability to be provided
by the analyses of the models point to future possibilities within the actual modeling,
designing, EMG field formation, signal transmissions, and supporting procedures related to
structures below the atomic level.
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PRAVDEPODOBNOSTNA ANALYZA PRI VYPOCTE PILOTOVYCH ZAKLADOV

LUBOMIR PREKOP, KATARINA TVRDA

Katedra stavebnej mechaniky, Stavebna fakulta STU v Bratislave

Abstract: The paper presents effects of piles loaded by bending moment. The solution
depends on the chosen model of a pile, of subsoil, and the interaction between them. The
piles loaded in bending have been mostly investigated as elastic rods, which act together
with elastic and homogeneous subsoil or a pile-lengthwise variable subsoil of Winkler type
with bilateral bonds between the pile and the subsoil. The probabilistic analysis represents
one such approach. Input values have been entered as stochastic ones and they have been
characterized by various distributions (Gaussian, lognormal, etc.). Values of input variables
have been generated either randomly (using Monte Carlo simulations), or using the
Response Surface Method (RSM). Selected results of the performed analyses have been
presented in the conclusion.

Keywords: pile foundation, Monte Carlo, probability analysis

1 Uvod

Prispevok sa zaobera ucinkami vodorovne zatazenych pilét a naslednou
pravdepodobnostnou analyzou. RieSenie je zavislé od zvoleného modelu pil6ty, od modelu
podlozia a vzajomnej interakcie piloty a podlozia. NajCastejSie sa ohybom namahané piléty
vySetruju ako pruzné pruty, spolupbsobiace s pruznym a homogénnym podlozim alebo po
dizke pilét premennym podloZim Winklerovho typu pri obojstrannej vazbe piloty a podlozia.
Winklerov model pomerne dobre popisuje pracu nesudrznych podlozi. Neumoznuje vSak
roznos zatazenia v pddnom masive a vySetrovanie piléty od inych u€inkov. Tie su
reprezentované najma pdsobenim zvislého zatazenia, centricky posobiacimi silami alebo
pritazenim povrchu podloZia v okoli piléty (Cajka et al, 2016), (Hrustinec, 2013).

2 Model piléty v programe ANSYS

Rie$ena bola pildta dizky |1=8,0m kruhového prieéneho rezu s priemerom
@ =0,42 m. Piléta bola vyrobend z materialu, ktorého vlastnosti charakterizuje Yougov
modul pruznosti E, = 2,1.107 kPa. PodloZie predstavuje malo inosné prostredie s modulom
pruznosti E, = 1000 kPa. Poissonovo ¢islo pre zeminu malo hodnotu & = 0,35. Pil6ta je v
hlave zatazena momentom My = 100 KNm.

Vo vypoéte boli pouZité rézne spdsoby podopretia paty pildty: volny koniec, kibové
podopretie a votknutie. Model konsStrukcie bol vytvoreny ako priestorovy. Piléta bola
modelovana pomocou prvkov SOLID65 a okolity zemny masiv prvkami SOLID45. Prvy
model (model A) bol vytvoreny bez kontaktu. DalSie modely pouZili pre kontakt piloty
s okolitym prostredim kontakt typu bod-bod pomocou kontaktnych prvkov CONTACS52
(model B) a kontakt typu plocha-plocha pomocou kontaktného péaru prvkov TARGE170 a
CONTA173 (model C).
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Obrazok 16 — Deterministicky model piléty v programe ANSYS

ELEMENTS
TYPE NUM

Obrazok 2 — Priebeh deformacii a napati od pésobenia momentu

Obrazok 3 — Priebeh vodorovnych deformacii po vyske piloty

Podfa platnych eurépskych noriem Eurokdédov je mozné konstrukcie posudzovat aj
na zaklade analyzy pravdepodobnosti. Analyza pravdepodobnosti bola publikovana vo
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viacerych pracach, ktoré sa zaoberali takymto konstrukénym navrhom a posudenim (Kralik,
2009), (Marek et al, 2003), (Krejsa et al, 2016.

V pripade deterministického vypoctu boli vstupné parametre zadané ako pevné
konstanty. Pri pravdepodobnostnom vypocte su vstupné parametre Specifikované v uréitom
rozsahu, ktory zahffia napr. nepresnosti vo vyrobe alebo variabilitu charakteristik materialu.
Jednotlivé vstupné a vystupné parametre sa menili podla histogramov. Boli pouZité ftri
vzajomne nezavislé ndhodné premenné: EVAR_C, EVAR_Z, FVAR_Z ako stochastické
vstupy. Zoznam tychto nahodnych vstupnych premennych, ich rozdelenie a ich distribu¢né
parametre su uvedené v tabulke 1. Funkcie hustoty pravdepodobnosti a kumulativhe
distribucné funkcie su uvedené na obrazku 4.

Tabulka 1 Deterministické a stochastické vstupné Udaje

Inputs Deterministic Stochastic Type Parl Par2
EVAR C[kPa] | E.=21.10° |Ex .=E..EVAR C| Gauss 1 0.05
EVAR_Z [kPa] E,=1.10° Ex ,=E,.EVAR Z Gauss 1 0.05
FVAR_Z [KNm] My = 100 My =M,.FVAR_Z | Lognormal 1 0.1

Z deterministického modelu (obrazok 1) ANSYS vypocitava vysledky a vysledné parametre
pre danu sadu troch vstupnych parametrov EVAR_C, EVAR_Z, FVAR_Z.
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Obrazok 4 — Funkcie hustoty pravdepodobnosti a kumulativne distribu¢né funkcie

Nahodné vstupné premenné su definované jednotlivymi parametrami (stredné
hodnoty, Standardna odchylka atd.).

Histogram
Result Set CCDFIT

MEAN  0.1183€E-01
STIDEV 0.13€58E-02
SEEW  0.T1022E+02
EURT  0.1532SE+07
MIN 0.E42€0E-02
MER 0.19562E-01

Obrazok 5 — Histogram vystupného premenného posunu UX
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Pocas pravdepodobnostnej analyzy ANSYS vykona viac cyklov analyzy pre vypocet
nahodnych vystupnych parametrov. Simulacia metédou Monte Carlo s LHS bola pouzita na
nahodnu generaciu hodnét vstupnych premennych. Pocet vzoriek bol stanoveny na
500 000.

Podla CDF (Obrazok 5) méZzeme urcit' pravdepodobnost’ zodpovedajuceho posunu
parametra v smere osi X.

Cumulative Distribution Function
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Obrazok 6 — Histogram kumulativnej distribu¢nej funkcie UX

Maximalna pripustna horizontalna deformécia v smere osi X bola zadana
investorom. Pravdepodobnostna analyza ukazuje, Ze maximalna deformacia je menSia ako
14 mm, ¢o znamena, Ze navrh je nespolahlivy na trovni 6,27.1072.

3 Zaver

V tomto prispevku boli prezentované pil6ty, ktoré boli v hlave namahané ohybovym
momentom. Pouzili sa deterministické a pravdepodobnostné pristupy. Nasledne boli
porovnané ziskané vysledky. V pripade Zelezobetdnovych pil6t je mozné konstatovat, ze
existuje pomerne dobrd zhoda medzi modelmi s kontaktom (model B a model C) a
analytickym rieSenim (kedZe analytické rieSenie bolo k dispozicii pre tento pripad
podopretia). Pre dalSie pripady podopretia pil6t je zrejmé, Ze rieSenie vyuzivajuce kontaktné
modelovanie prinasa vyssie hodnoty v porovnani s bezkontaktnym modelom (model A). V
pripade zatazenia momentom nie su v podstate Ziadne rozdiely v deforméciach.

Cielom predloZenej analyzy bolo urcit pravdepodobnost’ zlyhania kon$trukcie a
nasledne urcit jej spolahlivost v zavislosti od vstupnych parametrov. V tomto pripade doslo
k poruche, ked bola prekro&ena limitna hodnota vodorovnej deformacie (14 mm). Statistika
nahodnych vystupnych parametrov bola vypocitana pomocou vysledkov softvéru ANSYS.
Vlastnosti vystupnych parametrov su ilustrované pomocou grafov histogramu,
kumulativnych distribuénych kriviek a / alebo grafov histérie.
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PEVNOSTNI KONTROLA ZAVESU MALEHO PROUDOVEHO MOTORU

MIROSLAV SVOBODA, MARTIN TUMA
Prvni brnénska strojirna Velka Bites, a. s.

Abstract: This paper deals with computational analysis of engine‘s mounting points. The
TJ100C-125 small jet engine, which is manufactured and developed by PBS Velka Bites,
a.s. (C2), is attached to an airframe by three mounting points. All inertial and centrifugal
forces, which arise during operation or emergency situation, are transfered to the airframe
via those mounting points. The results of FEM analysis were compared with yield strength
of used material to ensures that mounting points can withstand all the loads with no failure,
malfunction and permanent deformation. The analysis was performed according to EASA
certification program by using ANSYS Workbench 17.0.

Keywords: Jet Engine, Mounting Points, Emergency Load, Rotor Seizure, Blades Loss

1 Uvod

Pro zajisténi bezpelnosti letu musi letecké motory splfiovat pfisna a rozsahla kritéria
nejen z pohledu pevnosti a spolehlivosti. Stejné velka pozornost je vénovana i jejich
zastavbé do letounl. Nasledujici pfispévek je vénovan numerické pevnostni kontrole
zavésu malého proudového motoru TJ100C-125, vyrabéného Prvni brnénskou strojirnou
ve Velké BiteSi. Vypocéty byly provedeny v souladu s pfislusnymi certifikaénimi predpisy
(CS22.1823 a SC16), stanovenymi agenturou EASA (European Aviation Safety Agency),
s vyuzitim softwaru ANSYS Workbench 17.0.

Motor TJ100C-125 je maly kompaktni proudovy motor stahem do 1250 N,
navrzeny jako pohonna jednotka pro bezpilotni prostfedky, lehka sportovni letadla a vétroné
s pfidavnym motorem. Sklada se z jednostupriového radialniho kompresoru, prstencové
spalovaci komory, jednostupriové axialni turbiny a pevné vystupni trysky. Zastavba motoru
do letounu je zajisténa pomoci tfi zavésnych bodul - patek. Pfedni uchyceni je realizovano
dvéma vetknutymi Cepy, zatimco zadni uchyceni na vyskové nastavitelné a axialné oto¢né
podpére. Viz obrazek 1.

Cilem vypoctl je pevnostni kontrola patek a analyticka kontrola Sroubu na tah, stfih
a otlaCeni zavitu. Jako zatézné stavy jsou uvazovany maximalni provozni a havarijni
nasobky setrvacnych sil a dynamické zatizeni od zadfeni a rozvazeni rotoru.

Obrazek 1 — Zavésy turbinového motoru TJ100S-125.
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2 Vypoctové modely

Pro vypodty byly pouzity prostorové modely soucasti, které na patky zavésu motoru
pfimo navazuji. Dale byl pouZzit model loziskové skiiné, pomoci které Ize realizovat zatiZzeni
od setrvacénych a odstfedivych sil. Primeéry spojovacich prvkl byly sjednoceny a nékteré
prvky, které s patkami pfimo nesouvisely (otvory, osazeni, zaobleni, apod.), byly
odstranény. Také podpéra zadniho zavésu byla modelovana zjednodu$ené jako jedna
soucast. Viz obrazek 2.

Celkem bylo uvazovano 37 téles. Jedna se tak o pomérné rozsahly vypoctovy
model, proto pfi feSeni ulohy bylo vyuzito submodelovani. Na hlavnim (globalnim) modelu
bylo uvazovano zatizeni od maximalnich provoznich a havarijnich nasobkl gravitacniho
zrychleni, zatizeni od utrzeni lopatky pfi autorotaci a zatizeni, reprezentujici zadfeni rotoru.
Jednotlivé submodely patek uvazuji navic predpéti vSech Sroubl od pfedem definovaného
utahovaciho momentu.

Pro analytické posouzeni namahani Sroubl je nutné znat pfislusné reakéni sily od
vSech definovanych zatéznych stavll. Z tohoto divodu byla provedena numericka analyza,
ktera obsahovala pouze modely patek, loZisek a model podpéry. V kazdém otvoru pro Sroub
bylo pfedepsano vetknuti. Na vnitfni plochy lozisek a plochu podpéry byly pfedepsany
reakéni sily, ziskané z globalniho modelu. Vypoctené reakce ve Sroubech byly posléze
pouzity pro analytickou kontrolu Sroubl. V konec¢ném dusledku bylo provedeno pét
statickych strukturalnich analyz, viz obrazek 3.

a) b) c)

Obrazek 2 — Vypoctové modely: a — submodel zadni patky; b — globalni model;
¢ — submodel prave pfedni patky.
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Obrazek 3 — Struktura provedenych analyz.
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Na globalnim modelu byly pouzity linearni kontakty typu Bonded a Frictionless
(spojeni loziska zadniho zavésu s podpérou). U submodell byl v pfevazné mife pouzit
nelinearni kontakt Frictional, s pfislusnymi hodnotami koeficientd tfeni. Diskretizace modelu
byla provedena pouze v jedné iteraci, s vychozim nastaveni sitovani. Konkrétni velikosti
elementd byly voleny na zakladé predchozich zkuSenosti s podobnymi ulohami. Na
plochach vSech otvord, dfikt Sroubl a podlozek byla vytvofena mapovana sit. U submodel(
byla sit nalezité zahusténa.

Materidly (ocel a slitiny hliniku) byly definovany elastickymi, izotropnimi modely.
Hmotnost sestavy, resp. celého motoru i s pfisluSenstvim, byla nahrazena pomoci
hmotného bodu, umisténého do tézisté motoru.

3 Okrajové podminky a zatizeni

Definovany zplsob zastavby motoru TJ100C-125 do draku letounu je zobrazen na
obrazku 1. Predni zavésy jsou uloZeny na pevnych €epech, zatimco zadni zavés na
vySkové nastavitelné a axialné otocné podpére. V obou pfipadech skrze kloubova loziska.
V analyzach byly vazby modelovany podminkou Remote Displacement, s pusobistém
v ose loZiska, resp. v ose ota€eni podpéry. V pfipadé pfednich patek bylo zamezeno véem
posuvum, pfi¢emz natoCeni zlstala volna. U zadni patky bylo zamezeno v§em posuvim a
natoCeni kolem osy x a y (0sa z - ve sméru osy motoru, viz obrazek 4).

3.1 Utahovaci moment Sroubt

V8echny tfi patky jsou k turbinové skfini pfipevnény nékolika pfedepjatymi Srouby,
s béznym metrickym zavitem M4. Definovany utahovaci moment byl pfepocitan na osovou
silu (Pospisil, 1968), aplikovanou pomoci podminky Bolt Pretension. Jedna se o montazni
stav, pfeddefinovany v submodelech pro vSechna ostatni zatizeni.

Obrazek 4 — Definované predpéti Sroubl: a) — prava pfedni patka; b) — zadni patka.

3.2 Setrvacéné sily

Technick& specifikace motoru TJ100C-125 pfedepisuje povolena letova zatizeni ve
formé& nasobkl gravitacniho zrychleni. Jedna se o zménu hybnosti hmotného bodu
v inercialni vztazné soustaveé, kde setrvacné sily a vysledné sily (plsobici na bod) jsou
vrovnovaze — d‘ Alembertuv princip. Diky tomuto pfedpokladu Ize formalné prevést
dynamickou ulohu na statickou. Lze psat jednoduchy vztah pro vektor setrvaéné sily F:

F=m-|g|-N (5)

kde m je hmotnost motoru, g je gravitaéni zrychleni a N je vektor nasobku zatizeni.
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Specifikaci motoru jsou definovany maximalni provozni nasobky, které mohou
nastat za bézného provozu. Patky musi tomuto zatizeni odolat bez vzniku trvalé deformace.
Dale jsou definovany havarijni nasobky, kterym musi patky odolat bez poruchy, avSak muze
dojit k trvalym deformacim. Zatizeni je v hlavnim vypoctovém modelu realizovano
podminkou Acceleration. Pfiklad nasobk( uvadi tabulka 1.

Tabulka 1 — pfiklad nasobku gravitaéniho zrychleni

Maximalni provozni nasobky Havarijni nasobky
Nix +3,0 -3,0 Nx + 15,0 -0,0
Ny +5,3 -2,7 Ny +75 -9,0
N, +3,0 -3,0 N, +6,0 -6,0

e

bR
o] |
»

Obrazek 5 — Orientace nasobku gravitaéniho zrychleni vici motoru.

3.3 Zatizeni od utrzeni lopatky

V pfipadé utrZzeni lopatky obézného kola vznika nevyvaha, ktera je pfi€inou
odstredivé sily, plsobici na hfidel. Tato sila se prostfednictvim uloZeni rotoru a dalSich
soucasti pfenasi az do zavéslt motoru. Jedna se o stav, definovany jako dynamické kritické
zatizeni, kterému musi zavés odolat bez poruchy, muze vSak vykazovat trvalou deformaci.

Zde bylo uvazovano ulomeni tfi lopatek turbiny nad jejich patnimi radiy pfi
autorotacnich otackach. Maximalni sila od nevyvahy Fauo je dana rovnici:

Fouto =m-¢€- (‘)(Zluto (6)
kde ¢ je excentricita, tedy vyoseni té€zisté kola bez tfi lopatek a wauo Uhlova rychlost od
autorotace. Tato radialni sila byla pfedepsana na plochy loZiskové skiiné, pficemz bylo
spocitano pouze nékolik moznych smérl, ve kterych se oCekava nejvétSi napjatost na
patkach.

3.4 Zatizeni od zadfeni rotoru

Podobné jako v pfedchozim pfipadé dochazi vlivem zadfeni rotoru ke vzniku
krouticiho momentu M,, pfenaseného na zavésy motoru. Opét se jedna o dynamické
kritické zatizeni, kterému musi zavésy odolat bez poruchy, avSak s moznosti trvalych
deformaci. Velikost ucinku M, je dan:

My, =1, a =1, Wna/t (7)

kde I, je polarni moment rotoru, @max je Uhlova rychlost od maximalnich otacek motoru a t
je doba do zastaveni rotoru. Moment byl opét pfedepsan na plochy loziskové skfinég.
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4 Diskuze vysledku

Vypoctem globalniho modelu byly ziskany reakéni sily, pUsobici na jednotlivé
zavésy motoru. Ze zplsobu zastavby motoru je patrné, Ze vétSina zatizeni je pfenasena
prfednimi zavésy. Pro predstavu je na obrazku 6 vykreslena celkova deformace
vypoctového modelu, odpovidajici absolutné nejvétSimu zatizeni — havarijnimu nasobku
Nx = + 15. Zjisténé silové vyslednice byly dale pouzity pfi vypoctu reakci v jednotlivych
otvorech pro Srouby.

Vysledkem strukturalnich analyz jednotlivych submodelll jsou deformaéni a
napjatostni charakteristiky patek motoru od vSech uvazovanych zatéznych stavd,
v kombinaci s pfedpétim Sroubd. Vyhodnocovano bylo standardni redukované (fiktivni)
napéti dle podminky plasticity HMH a porovnavano s mezi kluzu daného materialu.

Z analyz vyplyva, Ze maximalni napéti, v malych lokalnich oblastech na hranach
otvoru (viz obrazek 7 a 8), vznikd v dusledku utahovaciho momentu Sroubu, pficemz
hodnoty nepfesahuji smluvni mez kluzu. Uginky od jednotlivych zatéZnych stavd, at uz
provoznich nebo havarijnich, se jevi jako zanedbatelné (napéti je o fad nizsi). Je tak mozné
prohlasit, Ze primarni zatiZzeni je trvalého (statického) charakteru. Amplitudy dynamického
zatiZeni jsou daleko pod pfislusnymi mezemi unavy, tudiz omezeni z hlediska zivotnosti se
neocekava.

Absolutné nejvétsi napéti bylo zjisténo na prednich patkach v zavitovych otvorech
M4 (od predpéti Sroubl). Jedna se o specifickou oblast, kterou je vhodné FeSit z pohledu
$roubového spoje jako takového. Uginky od uvaZovanych zatéZnych stav( jsou patrné na
pfechodovych radiech pfednich patek. Nejhorsi stav byl pozorovan na pravé patce pfi
rozvazeni rotoru od nevyvahy, vzniklé utrzenim tfi lopatek turbiny. V pfipadé zadni patky
jde o havarijni stav pfi nasobku Ny = - 9.

Dale byla provedena analyticka kontrola Sroubovych spoji na kombinované
namahani od tahu a stfihu, avsak tato neni pfedmétem ¢lanku. Vlivem pevného sevieni
spoje jsou Srouby opét primarné namahany staticky, osovym predpétim. Od dynamického
zatizeni jsou nejvice namahany Srouby vlivem rozvazeni rotoru.

G: Hlavni_model

Total Deformation 7
Type: Total Deformation
Unit: mm

Time: 7

0,045209 Max

0,04198

0,038751

= 0,035522
0,032294

= 0,029065
0,025836

- 0,022607

- 0,019379

L 0,01615

o 0,012921

.. 0,0096922
0,0064634
0,0032347
5,892e-6 Min

0,00 200,00 {mrm)
100,00

Obrazek 6 — Deformace globalniho vypocdtového modelu pfi maximalnim havarijnim
nasobku zatiZzeni.
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Obrazek 7 — Redukované napéti pravé predni patky motoru: a) — Lokalni Spicka
v zavitovém otvoru; b) — odezva na predpéti SroubU; ¢) — odezva na bo¢ni provozni
nasobek setrvacnych sil.

00053881 M

a) b)

Obrazek 8 — Redukované napéti zadni patky motoru: a) — odezva na predpéti Sroubu;
b) — odezva na svisly provozni nasobek setrvacnych sil.

5 Zavér

Na zakladé pozadavku certifikacniho procesu bylo vytvofeno zadani pro pevnostni
kontrolu zavésu malého proudového motoru TJ100C-125, z produkce Prvni brnénské
strojirny Velka BiteS, a.s. Ve strukturalnich numerickych analyzach byly uvazovany
maximalni provozni a havarijni nasobky gravitacniho zrychleni a dynamické zatiZzeni od
zadrfeni a rozvazeni rotoru. Celkem bylo spoéitano a vyhodnoceno sedmnact zatéznych
stavu, v€etné predpéti Sroubl pfi montazi. Nechybéla ani analyticka kontrola Sroubového
spoje na kombinované namahani na tah a stfih. Pro definované zadani byly patky motoru
shledany jako vyhovuijici, s dostateCnymi koeficienty bezpeénosti. Vypocty byly provedeny
na prostorovych geometrickych modelech v prostfedi ANSYS Workbench 17.0., s vyuzitim
submodelovani.
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Hlavni cil projektu

Hlavnim cilem projektu je ziskani schopnosti analyzovat, zkouSet a hodnotit
odolnost objektd kritické infrastruktury (KI) proti Géinkum vybuchu, stiel, projektild,
pruniku vozidel a zvySovat jejich odolnost s wvyuZitim novych technologii
a poznatku prumyslového vyzkumu.
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Prvky kritické infrastruktury

- jsou vyrobni a nevyrobni systémy a sluzby, jejichz nefunkénost by méla zavazny
dopad na bezpecnost statu, ekonomiku, vefejnou spravu a zabezpeceni zakladnich
Zivotnich potfeb obyvatelstva.
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Objekty balisticky odolné

a) Strazni stanovisté Fortress GRP se zatarasem

b) Pohotovostni Zenijni tkryt IGLOO

c) Rozkladaci kontejner

d) Balisticky odoiny ISO kontejner

e) Aplikace protivybuchového natéru Rhine Armer PPFR 1150

f) Testovani vybuchem e) leva cast osetfena nastiikem, prava
tast stény bez osetfeni

Rozvodné sité

Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8,6. 2018 Novy Smokovec
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Ochrana objektu proti vniknuti vozidla

a) Oploceni se Ziletkovou spiralou

b) Modularni bariérovy systém zatarasu
c¢) Pevny bariérovy systém zatarasu

d) Zelezobetonovy zataras

Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8,6. 2018 Novy Smokovec

Platné normy a standardy

+« STANAG 2280 Test Procedures and Classification of the Effects of
Weapons on Structures

+ STANAG 4569 Protection Levels for Occupants of Logistic and Light
Armoured Vehicles

+« STANAG 2238 Joint Engineering - AJP-3.12

+« STANAG 2241 Land Operations — ATP-3.2

+ AAP-6 NATO Glossary of Terms and Definitions (English & French)

+« AAP-19 NATO Combat Engineer Glossary

+ MC-472 NATO Military Concept for Defence against Terrorism

+« STANAG 2920 Ballistic Test Method for Personal Armours

Wyzkum, vyvoj, testovani a hodnoceni preki kritické infrastrukiury - WORKSHOP - 7.- 8.6. 2018 Novy Smokovec
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Odolnost slabych casti konstrukce: Okna, dvere, okenice

Pro stanoveni odolnosti konstrukei odolnych proti vybuchu jsou v souasné dobé Kk dispozici
také civilni standardy pokryvajici pfedevsim testovani slabych &asti konstrukce - okna,
dvefe a okenice:

CSN EN 13123 Okna, dvefe a okenice - Odolnost proti vybuchu - PoZadavky a klasifikace,
CSN EN 13124 Okna, dvefe a okenice - Odolnost proti vyjbuchu - Zkugebni metoda,

CSN EN 13541 Sklo ve stavebnictvi — Bezpe&nost zaskleni — Zkouseni a klasifikace
odolnosti proti vybuchovému tlaku,

CSN EN 1063 Sklo ve stavebnictvi — Bezpe&nost zaskleni — Zkouseni a klasifikace odolnosti
proti stfelam), pfi navrhu konstrukei budov odolnych vé&i vybuchu velkého mnoZstvi trhavin
je moZno déle vyjit z CSN EN 1998-1 aZ 6 Eurokdd 8: Navrhovani konstrukei odolnych proti
zemétieseni.

a)

a) Nepristielné pevné okno, b) Nepristfelné sklo po zasahu stiely; c) Balisticky odolné dvefe uzamykatelné zevnitt
Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8.6. 2018 Novy Smokovec

Testovani a zodolnéni prvka Kl proti t€inku

* Vybuchu, véetné improvizovanych * MaloriZovych a stfedoraZovych projektili
vybusnych systéma (IED)

| N
LSS < § -

; * Protitankové stiely odpalované z ramene-RPG
* Minometnych a délostieleckych grandti it —

/ li/- 'lq
T,
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Typové objekty

5 typovych objekti Kl

- Areal
- Objekty — konkrétni zajmovy objekt dle oblasti Kl
- Uvnitf objektu

- Liniova stavba
- Uzel liniové stavhy

Navrhy metodik:
-Testovani odolnosti objektd Kl proti vybuchu (véetné IED)

-Testovani odolnosti objektl K proti stfelam s kumulativni hlavici
-Testovani odolnosti objektd Kl tfistivo - trhavym stfelam
-Testovani odolnosti objektd Kl vniknuti vozidel

-Testovani odolnosti objektd KI proti projektilim

Wyzkum, vyvoj, testovani a hodnoceni prvki kritické infrastrukiury - WORKSHOP - 7.- 8.6. 2018 Movy Smokovec

Typové objekty

Areal (Ministerstvo obrany, Ministerstvo vnitra, Sprava statnich hmotnychrezerv, jaderné elektrarny, aj.):

*Bariérova ochrana arealu (mechanické zabrany) - posouzeni na odolnost vuci pruniku vozidla dle
PAS 68

*Vzdalenost objektu od bariérové ochrany — posouzeni na balistickou a vybuchovou odolnost dle
STANAG 2280, ATP 3.12.1.8

Viezd do arealu (vratnice + viezd) — posouzeni na balistickou a vybuchovou odolnost dle STANAG
2280, ATP 3.12.1.8

*Vchod do aredlu — posuzujeme z hlediska pouZitych materiall na hlavni nosné konstrukce a na vypliiové
konstrukce - posouzeni na balistickou a vybuchovou odolnost dle STANAG 2280, ATP 3.12.1.8

- | il —

Obr.. Aredl jaderné elektrarmy Temelin

Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8,6. 2018 Novy Smokovec
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Typové objekty

Objekty — konkrétni zajmovy objekt dle oblasti Kl (administrativni budova, datové uloZisté, budovy pro
vyrobu, sklady, véZe, stoZary, pozemni stavby, aj.). Vybrané stavby, zafizeni vefejné:

*Konstrukéni systém budovy — posuzujeme z hlediska vzdaleného vybuchu dle STANAG 2280, ATP
3.12.1.8, pruniku vozidel dle PAS 68

*Obvodovy plast budovy — posuzujeme z hlediska balistické ochrany a vzdaleného vybuchu dle
STANAG 2280, ATP 3.12.1.8, pruniku vozidel dle PAS 68

Obr.: Administratival budova datovéhe centra Ceské spravy Obr.: Administrativni budova Ministerstva vnitra
soc, zabezpedeni

Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8,6. 2018 Novy Smokovec

Typoveé objekty

Liniové stavba (pozemni stavby, vodni stavby, rozvod elekirické energie, produkiovody, a).):
Stavba, u niZ podstatné previada jeden rozmér, ij. délka, nad Sifkou a vyikou:

*Rozvod elekiricke ensrgle VWN = prinik vozidia barigrou branici piijezdu do t8sné blizkosti stoZard VN -
posouzeni na pranik vozidla dle PAS 68, vzdaleny vybuch v blizkosti stozara VWN dle STANAG 2280, ATP
-3121.8

*Pozemni dopravni stavby — prinik vozidla bariérou branici pfijezdu do tésné blizkesti mostnich podpér a pilifa -
posouzeni na pranik vozidla dle PAS 68, vzddleny vybuch dle STANAG 2280, ATP - 3.12.1.8.

odni stavby — posouzeni na wybuch v blizkosti hrize nebo pfimo na ni dle STANAG 2280, ATP - 3.12.1.8,
proti praniku vozidla dle PAS 68

*Produktovedy — posouzeni na vybuch v blizkosti produktovedu dle STANAG 2280, ATP - 3.12.1.8, proti
pranikuvozidla dle PAS 68

«Datovy pfenos — posouzeni na vybuch v blizkosti stoZar( GSM dle STANAG 2280, ATP — 3.12.1.8, proti
prinikuvozidla dle PAS 68

Wyzkum, vyvoj, testovani a hodnoceni preki kritické infrastrukiury - WORKSHOP - 7.- 8.6. 2018 Novy Smokovec
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Typové objekty

Uzel liniové stavby:
Krizovatky — Mista kde se pozemni komunikace protinaji nebo stykaji. Z hlediska Kl se jedna o

kfizovatky na dlleZitych trasach (PraZsky okruh,..) — posuzujeme na vybuch v blizkosti nebo pfimo v
kfizovatce dle STANAG 2280, ATP 3.12.1.8

*Trafostanice VVN (prenosova soustava) — Transformovny zajistuji jak rozdélovani elektricke energie, tak
i transformaci na potrebné napéti — tyto objekty K| posuzujeme na pruinik vozidel do blizkosti
transformoven VVN dle PAS 68 a na vybuch v blizkosti transformovny dle STANAG 2280, ATP -
3.121.8

Obr.: Siiniéni a dainiéni sit CR

Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8.6. 2018 Novy Smokovec
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Nejbéznéjsi priklady z pouzitych staviv:

+ Cihla pina = histericky univerzalni pouditi = rodinné domy (sviské nosne kenstrukee, délici kenstrukee, vedorovng kenstrukce,
Mejb&ingjsi tioudtka obvodove zdi 600 mm a 450 mm) bytove domy, primyslova wistavby, mosty, ploty,... B9

+ Cihla dérovand — rodinné domy (sviské nosné konstrukee, délici konstrukee, . Minimalni towttka cbvodové stény 3T5 mm),

bytava wstavba, primyslova vystavba, platy, .. ﬁ

+ Porotherm — pfevaZné rodinné domy (nejbéingjsi tloustka obvedove zdi 300 mm a 440 mm}j, bytova vistavba, vypliavé zdiva
u maoneliickych a montovanych staveb. Kompletni zdici systém,

+ Beton C25/30 - Typicky konstrukéni beton poufivajici se jak v bylové, obéanské. tak i primyslove vystavbé (touitka
cbvodowych stén 150 = 250 mm). V' bytove a obfanske wysiavbé se pouiiva pfevaing na zaklady, stropy, sloupy, wénce,
instalaéni jadra, instalaéni achty, ziuZujici jadra (vitahoveé Sachty). V prumyslové vistavbE se z n&j zhotovyi zakladove patky,
zakladove pasy, shoupy, stropy, instalaéni jadra, 3achty, stény. Omezend[i poudtti 1 v prefabrkevanych staveb (poudivani
vy3sich pevnosinich tfid betonu)

« Beton C45/55 — pouliti pfevainé pro specidini kenstrukce, napfiklad mosty, velkorozponové betonové nosniky, specialni
statické konstrukee. pledpjaté konstrukce, ...

-+ Parobeton (Ytong P2 — 400) — Tvdrmice plevainé na rodinnow vistavbu, max. 2 podladi, kampletni zdicl systém.
MeZna minimalni flowstka cbvodovehe zdiva 300 mm, nejpouiivangidi tlouitka 375 mm

+ Porobeton (Ytong P4 — 500) — Tvarnice pro bylavou wistavbu vieobecnd — rodinng a bytové domy. Bytawé domy do 3 — 4
podlati. Kompletni zdici systém. MoZna minimalni Houtka cbvodavéhe zdiva 250 mm, nejpouzivanisi toustka 375 mm.
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Testovani bézného zdiva

pomocey matesial -

shaibeat stav

tramsportni ram ye adi

Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8.6. 2018 Novy Smokovec

Materialy pro zodolnéni

Zakladni rozdéleni materiall: Cena
sKovoveé
Keramické
*Polymerni
«Skelna vlakna

Hmotnost Odolnost

Specifika jednotlivych materiald:

*Kovove — duktilita x tvrdost

*Keramické — balisticky vykon x multi hit kapacita
*Polymerni — balisticky vykon x cena

Wyzkum, vyvoj, testovani a hodnoceni preki kritické infrastrukiury - WORKSHOP - 7.- 8.6. 2018 Novy Smokovec
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Materialy pro zodolnéni- balistické laminaty

Balisticke laminaty:

«Laminaty maji vyrazny balisticky vykon zejmeéna proti stfepinam

\elka absorpéni schopnost i diky fizené delaminaci

*Klasicke balistické materialy UHMWPE (Dyneema, Endumax, Spectra)
aramid (Twaron, Kevlar) — velmi dobry vykon, ale vysoka cena

+Potencial pro alternativni laminty na bazi polypropylenu (komer&ni PURE, CURV, TEGRIS)
a nove vyvinuté

«Synergicky G&inek s vhodnou gelnf vrstvou napf. PMMA, vrstvené skio

1000 = UHMWPE
- ‘,.
% y,
800 . B .
% Y & ! - Arammid / Kewvlar
o * -~
/ -
§ 00 e ol o -
- S - + Laminaty ze
&Aoo R skelnych vidken
- o
é i + Palypropylenowe
200

lamindty

Plogna hmetnost [kgfm2] = Kovové platy
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Wyzkum, vyvoj, testovani a hodnoceni prvki kritické infrastrukiury - WORKSHOP - 7.- 8.6. 2018 Movy Smokovec

Vyzkum pridavného pancérovani kombinaci obkladového materialu
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Testovani odolnosti plotovych dilcti na ochranu perimetru Kl
proti ucinku strel s kumulativni hlavici

Sestava pro stieleckou zkousku

Vyzkum, vyvoj, testovani a hodnoceni prvka kritické infrastruktury - WORKSHOP - 7.- 8,6. 2018 Novy Smokovec

Ochrana perimetru Kl proti vniknuti vozidla

TAR. 4 Speaifikace vondcl dic STANAG 2150 - piiklady
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Ochrana perimetru Kl proti vniknuti vozidla

Pro simulaci byl pouzit model vozidla dle normy STANAG 2280 — N2.
Pocateéni rychlost vozidla byla 48 km/h.

Hmotnost:
M cenova= 7900 K¢ h
M papaa = 2246 Kg —

; | w

Rozmeéry :
1=857 cm
w =244 cm
h=333cm

7 T A A AL AL
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Nova produktova rada ANSYS 3D Design

Discovery SpaceClaim

>

ANSYS Discovery SpaceClaim
Pfedstavuje intuitivni 3D geometricky modelar zaloZzeny na technologii ,Direct

Modeling®. SlouZzi k tvorbé, editaci a opravé 3D geometrie vhodné jak pro béznou
konstruk¢ni Cinnost, tak pro dalSi numerické analyzy.

ANSYS Discovery Live
Nové prostfedi uréené pro konstruktéry kombinuje moznosti profesionalniho CAD

prostfedi odvozeného z prostfedi SpaceClaim s moznosti okamzité simulace.
Nabizi interaktivni navrh a vyvoj konstrukce

ANSYS Discovery AIM

Nové navrzené multifyzikalni prostfedi pro provadéni numerickych simulaci urCené
pro kazdého inZenyra. Snahou je umozZnit béznému uZivateli zadavat
a vyhodnocovat vlastni komplexni ulohy bez nutnosti udit se rizna a slozita
prostfedi vypoctovych programu ¢ moduld.

www.svsfem.cz

SVS FEM

Your partner in computing
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