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General Information

The International Conference “Advanced Problems in Mechanics = &0ttie forty fifth in a series of

annual summer schools held by Russian Academy of Sciences. The Conference is organized i
commemoration of its founder, Ya.G. Panovko, by the Institute for Problems in Mechanical Engineering
of the Russian Academy of Sciences (IPME RAS), Peter the Great St.Petersburg Polytechnic University
(Institute of Applied Mathematics and Mechanics), Scientific Council on Solid Mechanics (RAS)
(chairman N.F. Morozov), Russian National Committee on Theoretical and Applied Mechanics (chairman
I.G. Goryacheva) under the patronage of the Russian Academy of Sciences (RAS) and the University ¢
Seville (Universidad de Sevilla). The Conference is partially supported by Russian Foundation for Basic
Research. The main purpose of the meeting is to gather specialists from different branches of mechani
to provide a platform for crossfertilisation of ideas.

The list of problems under investigation is not limited to questions of mechanical engineering, but
includes practically all advanced problems in mechanics, which is reflected in the name of the conference
The main attention is given to problems on the boundary between mechanics and other research are:
which stimulates the investigation in such domains as micro- and nanomechanics, material science
physics of solid states, molecular physics, astrophysics and many others. The conference “Advance
Problems in Mechanics” helps us to maintain the existing contacts and to establish new ones betwee
foreign and Russian scientists.

Young scientists’ school-conference “Modern Ways in Mechanics” (MWM), which is held within the
annual international conference “Advanced Problems in Mechanics” (APM), is meant for broadening
scientific outlook of young researchers in the field of mechanics and also for organizing their scientific
dialogue. It is supposed that students, Ph. D. students and young Ph. D.’s under 30 (date of birth is lat
than 12/31/1986) from different all over the world, specializing in the sphere of theoretical and applied
mechanics become the main participants of the conference. In order to attract the largest possible numb
of various scientific areas and schools, organizing committee suggests a partial compensation for the cos
connected with participation in conference, as well as extensive cultural program. One of the major
purposes of conference is transfer of scientific experience from well-known scientists to their young
colleagues.

History of the School

The first Summer School was organized by Ya.G. Panovko and his colleagues in 1971. In the early year
the main focus of the School was on nonlinear oscillations of mechanical systems with a finite number o
degrees of freedom. The School specialized in this way because at that time in Russia (USSR) there wer
held regular National Meetings on Theoretical and Applied Mechanics, and also there were many
conferences on mechanics with a more particular specialization. After 1985 many conferences an
schools on mechanics in Russia were terminated due to financial problems. In 1994 the Institute fol
Problems in Mechanical Engineering of the Russian Academy of Sciences restarted the Summer Schoc
The traditional name of “Summer School” has been kept, but the topics covered by the School have bee
much widened, and the School has been transformed into an international conference. The topics of tf
conference cover now all fields of mechanics and associated into interdisciplinary problems.

Scientific Committee

« D.A. Indeitsev (IPME RAS, Peter the Great St. Petersburg Polytechnic University, Russia) Co-
Chairman

« A.M. Krivtsov (Peter the Great St. Petersburg Polytechnic University, IPME RAS, Russia) Co-
Chairman

- P.A. Dyatlova (Peter the Great St. Petersburg Polytechnic University, IPME RAS, Russia) Scientific
secretary

« H. Altenbach (Otto-von-Guericke University Magdeburg, Germany)

« V.A. Babeshko (Southern Scientiific Center RAS, Russia)
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A.K. Belyaev (IPME RAS, Peter the Great St. PetergtPolytechnic University, Russia)
I.LE. Berinskii (Tel Aviv University, Israel)

I. I. Blekhman (IPME RAS, Mekhanobr-tekhnika CorfRuyssia)

A.A. Burenin (Institute of Metallurgy and Mechani&ngineering Far-Eastern Branch of RAS, Russia)
A.V. Cherkaev (University of Utah, USA)

V.A. Eremeyev (Rzeszow University of Technology|dPal)

A.B. Freidin (IPME RAS, Peter the Great St. PeterglPolytechnic University, Russia)
M.E. Frolov (Peter the Great St. Petersburg PatytecUniversity, Russia)

S.N. Gavrilov (IPME RAS, St. Petersburg, Russia)

R.V. Goldstein (Institute for Problems in Mecharméshe RAS, Russia)

 |1.G. Goryacheva (Institute for Problems in MechariRAS, Russia)

E.F. Grekova (IPME RAS, Russia; University of SkeviSpain)

N. Gupta (Indian Institute of Technology Delhi, iag

H. Irschik (Johannes Kepler University of Linz, Awis)

M.L. Kachanov (Tufts University, Medford, USA)

- B.L. Karihaloo (Cardiff University, UK)

V.A. Levin (M.V. Lomonosov Moscow State Universifgussia)

A.M. Linkov (IPME RAS, Russia; Rzeszow UniversitiyTiechnology, Poland)

I.I. Lipatov (Moscow Institute of Physics and Teology, Russia)

0O.S. Loboda (Peter the Great St. Petersburg PalyietIniversity, IPME RAS, Russia)
E.V. Lomakin (M.V. Lomonosov Moscow State UniveysiRussia)

A.V. Manzhirov (Institute for Problems in MechaniRé\S, Russia)

IG. Maugin (Pierre et Marie Curie University, Frajice

B.E. Melnikov (Peter the Great St. Petersburg fealyhic University, Russia)

A.V. Metrikine (Delft University of Technology, Thidetherlands)

» G. Mishuris (Aberystwyth University, UK)

N.F. Morozov (St. Petersburg State University, IPRIES, Russia)

W.H. Milller (Technical University of Berlin, Germgn

U. Nackenhorst (Leibniz Universitaet Hannover, Gamg)

V.A. Palmov (Peter the Great St. Petersburg PdiytecUniversity, IPME RAS, Russia)
E. Pavlovskaia (University of Aberdeen, UK)

S.V. Petinov (IPME RAS, Peter the Great St. PetegsPolytechnic University, Russia)
* Y.V. Petrov (St. Petersburg State University, IPRES, Saint-Petersburg, Russia)

F. Pontiga (University of Seville, Spain)

« A. Ramos (University of Seville, Spain)

M.B. Rubin (Israel Institute of Technology, Israel)

A.l. Rudskoy (Peter the Great St. Petersburg Pdytie University, Russia)

S.H. Sargsyan (Gyumri State Pedagogical Institeenia)

V.V. Sergeev (Peter the Great St. Petersburg Riigte University, Russia)

E.N. Vilchevskaya (IPME RAS, Peter the Great SteRburg Polytechnic University, Russia)
M. Wiercigroch (University of Aberdeen, UK)

M.V. Zakrzhevsky (Riga Technical University, Latyvia

Local Organizing Committee

« Polina Dyatlova (Peter the Great St.Petersburgt@diyic University, IPME RAS, Russia)
Kseniya Frolova (Peter the Great St.Petersburgi@dinic University, IPME RAS, Russia)
Polina Grigorieva (Peter the Great St.Petersbuhgt@athnic University, Russia)

Anna Kuznetsova (Peter the Great St.Petersburgdetigic University, Russia)

Mikhail Babenkov (Peter the Great St.PetersburgtBohnic University, Russia)

The conference is organized with help of our seréigency “Monomax PCO”: www.monomax.ru
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Scientific Program

Presentations devoted to fundamental aspects ohaners, or spreading the field of applications of
mechanics, are invited. We are particularly keenegeeive contributions that show new effects and
phenomena or develop new mathematical models. ®piest of the conference cover all fields of

mechanics, including, but not restricted, to

« mechanics of media with microstructure

 nano- and micromechanics

- computational mechanics

- wave motion

« nonlinear dynamics, chaos and vibration

« solids and structures

« fluid and gas

« mechanical and civil engineering applications

» molecular and particle dynamics

 biomechanics and mechanobiology

 phase transitions

« dynamics of rigid bodies and multibody dynamics

- aerospace mechanics

Accompanying Events

[MS1] Minisymposium in memoriam of Antonio Castels Mata (Contact person: Elena Grekova)
[MS2] Minisymposium "Nonlinear wave dynamics of gealized continua" (in memory of E. Aero and
G. Maugin) (Organizers: Alexey V. Porubov and Viaitil. Erofeyev)

[MS3] Minisymposium "Finite Element and Isogeomethinalysis of Advanced Problems in Mechanics"
(Organizers: Jarkko Niiranen and Antti Niemi)

Four different forms of presentations are offereainely, plenary lectures (35 minutes), presentat&in
minisymposia (25 minutes) and short communicat{@sminutes), and posters.

The working language for oral and poster preseaatiare English and Russian. Attention: each
participant may only give one oral presentatiore ibmber of posters for each participant is noitdich

The Summer School — Conference has two main pusptusgather specialists from different branches of
mechanics to provide a platform for cross-ferttii@ga of ideas, and to give the young scientists a
possibility to learn from their colleagues and tegent their work. Thus the Scientific Committee
encouraged the participation of young researcleard,did its best to gather at the conference Igadin
scientists belonging to various scientific schalthe world.

We believe that the significance of Mechanics adunsfdamental and applied science should much
increase in the eyes of the world scientific comityirand we hope that APM conference makes its
contribution into this process.

We are happy to express our sincere gratitudeherhelp in organization to Russian Foundation for
Basic Research, Russian Academy of Sciences (R#8)Ministry of education and science of the
Russian Federation, St. Petersburg Scientific CdRweS, Federal Agency for Scientific Organizations,
the University of Seville (Universidad de Sevill@and Vicerrectorado de In-vestigacién de la
Un-iversidad de Sevilla. This support has helpdsstantially to organize the conference and to msee
the paticipation of young researchers.
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ABSTRACTS

ANALYTICALAND NUMERICAL METHODS IN THE MASS-POSITI ON DETERMINATION MEMS
PROBLEM

Abdullaev R.A?, Lukin A.V.1, Skubov D.Yu'?
1 - Peter the Great St.Petersburg Polytechnic WsityeInstitute of Applied Mathematics and Mectami“Mechanics
and Control Processes” department, St. PetersBuigsia
2 - IPME RAS, St. Petersburg, Russia
caboose7@yandex.ru

In this work we consider the problem of mass anditipm determination of an entity attached to theface of an
electrically actuated microbeam or carbon nanotsethe effective method to detect this entity'aralsteristics is to
track the frequency shifts in microbeam’s modegwibfations, we investigate the analytical expressifor the shifts
and mass-position relation to be able to deterraintity's mass-position using experimental datahef microbeam's
spectrum. Statical and dynamical analysis of thesgmted nonlinear problem of electroelasticity ésfggmed, where
the microbeams are modeled as Euler—Bernoulli beamksiding the nonlinear electric forces and theled entities,
which are modeled as discrete point masses. Aajuégults then compared to finite-element solutiboorresponding
coupled-field electromechanic problem from ANSYS.

DYNAMICS OF GRAVITATING SYSTEM OF GAS AND DUST CLOU D

Abobaker M., Krivtsov A.M., Murachev A.
Peter the Great St. Petersburg Polytechnic UniyelSi. Petersburg, Russia
mhmdbb@yahoo.com

Due to the gravitational force, cloud of dust aag gan contract and form planet. Here we pressimhple model for
the dynamics of one dimensional of self-gravitaspgerical symmetrical gas and dust cloud.

We applied analytical and similarity solution medbdo the equations of one dimensional of self-¢méing spherical
symmetrical gas and dust cloud.

We used a Cole-Hopf transformation to simplify tbguations of dynamics and thereafter we appliechotebf
characteristics to reduce partial differential eturato a system of completely solvable ordinarffedential equations.
We applied to the problem too, similarity solutioethod which reduce the partial differential equadito a system of
ordinary differential equations. The Runga-Kuttaimoe has been used for numerical calculation optioblem.

TOWARDS INTERNAL LENGTH GRADIENT CHEMOMECHANICS

Aifantis E.C123
1 - Aristotle University of Thessaloniki, ThessakinGreece
2 - Michigan Technological University, Houghton, NS
3 - BUCEA, Beijing China; ITMO University, St. Pesburg, Russia; Togliatti State University, TodligRussia
mom@mom.gen.auth.gr

This lecture outlines a number of key conceptsidads that have not been explored in the areaarhomechanics or
mechanochemistry, i.e. the meeting point of measaand chemistry. The aim is to cast these ide@asan initial
mathematical framework for describing a variety amfupled chemomechanical phenomena occurring in riakte
engineering and earth systems, as well as in theahuwody. Emphasis is placed on novel nanomateaiadsmodern
technological processes such as those employingfittars and nanocatalysts, as well as on braictfaning. The new
viewpoint advanced here is that in order to cap&une control chemomechanical instabilities at tarascale we need
to resort to internal length and time scales assediwith the evolution of the underlying local tnaoical stress and
chemical agent. One convenient way to accountHisris through the introduction of second spatialplacian) and
time (inertia) derivatives of the pertinent mecltahind chemistry variables in the constitutiveatiquns describing the
evolution of the chemomechanical system at hand.

The support of the Ministry of Education and Sc@gn€ Russian Federation under Mega Grant ProjecaBiAcation
and Study of Advanced Multi-Functional Metallic Miadls with Extremely High Density of Defects” (No.
14.750.31.0039) to Togliatti State University istgfully acknowledged.
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[1] Aifantis, E. C. "Internal Length Gradient (IL@Jaterial Mechanics Across Scales & Disciplinesdv. Appl. Mech.,
1-110,(2016).
[2] Aifantis, E. C. "Towards Internal Length Gradi€Chemomechanic®kev. Adv. MaterSci.48(2017), In press

CONTACT PROBLEM ON INDENTATION OF A CONDUCTIVE PUNC H INTO AN ELECTRO-ELASTIC
PIEZOELECTRIC FUNCTIONALLY-GRADED HALF-SPACE

Aizikovich S.M1, Vasiliev A.S?, Sadyrin E.\A
1 - Research and Education Center "Materials”, Btate Technical University, Rostov-on-Don, Russia
2 - Research Institute of Mechanics, National Re$ehobachevsky State University of Nizhni Novgorod
Nizhni Novgorod, Russia
saizikovich@gmail.com

Indentation of a rigid punch into an electro-elagtiezoelectric half-space with functionally gradpigzoelectric
coating is considered. Electromechanical propedfethe coating vary with depth according to agbiyrindependent
differentiable positive functions. Electromechahiproperties of the substrate are constant. Thelpis assumed to be
an ideal electric conductor. Constant electric ghaand normal centrally applied indentation foroe applied to the
punch. The problem is reduced to the solution fstem of two dual integral equations over Hankelges of contact
pressure and electric induction. Kernel transfoofthe integral equations are constructed numdyiddking specially
design approximations of the kernel transformsapproximated solution of the problem is construgtednalytical
form. The solution is asymptotically exact for dhamd large values of relative coating thickndsamerical results
illustrating some features of the electro-elast&fodmation of the piezoelectric materials with hamoeous or
functionally-graded coatings are provided.

This research was financially supported by RusSieience Foundation grant no. 15-19-10056.

FORMATION OF THE TRANSITION ZONE BETWEEN THE MATRIX  AND THE INCLUSION DURING
THE SYNTHESIS OF COMPOSITE

Anisimova M.A., Knyazeva A.G.
National Research Tomsk Polytechnic University, $hnpRussia
anisimova_mawa@mail.ru

During the synthesis of composite, an interfaceezdetween the matrix and inclusion with a new cloaini
composition is formed. The processes near the pbagadary defining the physical and mechanical ertgs and

performance characteristics of the product are atiqular interest. The thickness of this layer atsdchemical

composition significantly affect the propertiestbé composite. They depend on the technologicampeters of the
process of composite synthesis. To solve this probhumerically, it is necessary to know the therarad kinetic

parameters.

In this work, we evaluate the parameters necedeampe numerical analysis of the spherically syrtringroblem and

investigate influence technological parametershencomposition and thickness of the interface Amteveen a coated
particle and the matrix. The model takes into aataiiffusion and the stages of phase formatiomattansition zone.

REACTION OF LIVING CELLS TO PHARMACOLOGICALAGENTS: IDENTIFICATION BY AFM

Ankudinov A.V!? Khalisov M.M?23
1 - loffe Institute, St.Petersburg, Russia
2 - ITMO University, St. Petersburg, Russia
3 - Pavlov Institute of Physiology, St.Petersbigssia
alexander.ankudinov@mail.ioffe.ru

Atomic force microscopy (AFM) studies of living telhave become more attractive due to the new Ipitisss of
increasing substantially the quantitative data outpnd improving the obtained data interpretatiBecently, the
leading manufacturers of AFM equipment elaboratedasistatic modes, such as PeakForce Quantitative
Nanomechanical Property Mapping (Bruker), HybriDT{MDT), Quantitative Imaging (JPK Instruments), ttiadlow
probing the sample relief and simultaneously italanechanical properties with high speed and natemmesolution.

In particular, Young's modulus is a practical paesen for physiology and pathology of living eukatigocells
characterization as well as their reaction to dritgs important that analytical models of inddita are developed [1],
which substantially correct the value of the Yosngodulus in the case, which is relevant for matpeements, when



the indentation depth is comparable to the thickmé#sa soft sample on a solid substrate. It is atseworthy that the
studies can be carried out under physiologicallgvant conditions, i.e. in liquid and at 37° C, &hd cell damage is
minimized in the course of measurements, sincaléistructive lateral forces in the quasistatic maatessignificantly

suppressed.

These opportunities were used in our AFM experisieatmed, ultimately, to identify the responseiuaing cells to

pharmacological agents. We studied the heart flast¥ and dorsal root ganglia sensory neuronsiok @mbryos, rat
erythrocytes, blood vessel endothelial cells ofemithe results were partially published in [2-6].

References

[1] N. Gavara et.al. // Nature Nanotechnology 7,733 (2012)

[2] A. V. Ankudinov et.al. // Tech. Phys. 60, 134D (2015)

[3] M. M. Khalisov et.al. // Acta Physiol. Hung. 202, 125 (2015)

[4] M. M. Khalisov et.al. // Tech. Phys. Lett. 43, 1, 86%2)

[5] M. M. Khalisov et.al. // Tech. Phys. Lett. 43, 2, 20017)

[6] M. M. Khalisov et.al. // Tech. Phys. 62, 2, 310 (2017)

SELF-SIMILARITY IN NEGATIVE IONIZATION FRONTSAND G EOMETRICAL DIFFUSION

Arrayas M.
Universidad Rey Juan Carlos, Spain

manuel.arrayas@urjc.es

We will present a study of the properties and stmaécof anode-directed ionization fronts withoufuliion, based on a
minimal streamer model for non-attaching gases. Moelel includes impact ionization processes ascsotgrms.
When magnetic effects can be neglected has beensdisd, an electric shielding factor can be defiaad the physical
quantities can be expressed as a function of it.

A Burgers type equation is obtained for the evoluif the electric shielding factor. Thus, the sttieal and numerical
study of the ionization fronts can be performedusing a Lagrangian formulation. The power of thasnfulation
makes it easier to treat the cases of non-homogenéutial electric field in electric discharges thvicurved
symmetries. We will apply this formulation to a disrge between planar and curved electrodes (withdecical and
spherical symmetries). When an initial seed ofzation is placed near the cathode, a travellingengavelops towards
the anode. The shape and the velocity of this vaepgends on the asymptotic behaviour of the inderged particle
densities.

If the initial density is compactly supported, thime travelling wave is a shock front, whose vejoc equal to the
drift velocity of electrons. This behaviour was glided for the planar case but we have found th&trélar situation
takes place in the cases of cylindrical or sphesganmetries. We will derive power laws for the agty and the
amplitude of the shock fronts in the cases of adisggmmetry.

When the initial particle density is not compacsiypported, but decays exponentially with the distafrom the
cathode, a shock front does not appear.

In the planar case, we will see that the velocftyhe front is then constant and is larger thandti# velocity of the
electrons. However, if the initial particle densifgcays more slowly than exponential with the distafrom the
cathode, accelerated fronts appear.

In the cases in which the physical situation hdmdsical or spherical symmetries and the init@hization seed decays
exponentially fast to infinity, we will see thatetlvelocity follows the same power laws as the catipasupported
case. However, the structure of the travelling waveather different. We will prove that the asyotft behaviour of
the charged particle densities is self-similar. ieifediffusion has not been considered, the frgoreads out linearly in
time. This is a remarkable feature: it is a difiesbehaviour of the solutions of the minimal streammodel caused by
the geometry of the electric field, and we can @afieometrical diffusion. Our analysis opens thaywo consider
geometrical effects in the stability of ionizatifsonts.

ON THE CONDITIONS OF TRANSITION TO THE UNSTABLE STA TE OF THE COMPRESSIBLE
PLASTIC AND ELASTIC-VISCOUS MATERIALS

Arutyunyan A.R., Arutyunyan R.A.
Saint Petersburg State University, Russia
a.arutyunyan@spbu.ru

On the stress-strain curves, obtained in simplsidt@nfor the metallic specimens, a region of ingitsbdue to the
formation of a neck is observed. In the theory lafsficity the conditions of transition to the urdtastate and the
appearance of the maximum point on the stressastraive are defined. In the formulation of this divion the
assumption of incompressibility of the materiabicepted. However, this assumption cannot be igptibecause in
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the neck region the numerous damages appearh@anaterial becomes compressible. In the papecdhdition of
transition to unstable state for a compressiblestiglamaterial is formulated. For an incompressibiaterial this
condition was first considered by Hill. The effeftcompressibility is determined using the curresiuie of the lateral
deformation coefficient. Taking into account thisefficient the rheological equations for comprelesimedia,
generalizing the relations for incompressible ptaahd elastic-viscous materials, are proposed.afiadytical solutions
of these equations are obtained and the correspgmiciéoretical stress-strain curves, dependindnerctirrent value of
the lateral deformation coefficient, are plotted phrticular, it is shown that for a compressibktenial in the region of
instability the maximum point is shifted. In theseaof the Hill's condition there is a fixed maximyint on the stress-
strain diagram.

Financial support of the Russian Foundation for Bd®esearch is gratefully acknowledged (Grant N01503159).
References

[1] Hill R. The Mathematical Theory of Plasticit@xford University Press. Oxford. 1998. 408p.

[2] Kachanov L.M. Fundamentals of fracture mechanMoscow: Nauka. 1974. 311p. (in Russian).

[3] Arutyunyan R.A. The problem of strain aging alehg-term fracture in mechanics of materials. Ftersburg:
Publishing House of the St.-Petersburg State Usitye2004. 252p. (in Russian).

FORMULATION AND EXPERIMENTAL JUSTIFICATION OF HIGH- TEMPERATURE CREEP
FRACTURE CRITERION

Arutyunyan R.A.
Sankt-Petersburg State University

rarutyunyan@spbu.ru

The new results on the effect of thermal embritdai(embrittlement of structural metallic materialsder prolonged
action of relatively low stresses and high tempees) are obtained. The main attention is focusethe formulation
of the relations for the damage parameter and éveldpment of the long-term strength criterion. Eomparison of
the obtained relations with the experimental resolbservational studies were performed on the whétetion of
damage accumulation under high temperature creegitems for various metals and alloys: copper,mahum,
Magnox AL80, Nickel and 0.1% palladium alloy, var®heat resistant alloys. The experiments werdechout at
different temperatures and levels of tensile sees®well times under load to failure were withi@-200 hours.
Theoretical curves of density change were compatttdthe experimental results for some of theseaftsednd alloys.
At this time interval the damage function is exgegb as a straight line. It is shown, that the arpamtal points are
consistent with the theoretical curves. In thisecd®ey have the general character irrespectivhefraterial and the
temperature-power effects, which indicates theterie of a single law of damage processes anceittjirconfirms
the selection of a physical damage parameter amtiveof the current density of the material te thitial density.
Financial support of the Russian Foundation fori@R&search is gratefully acknowledged (Grant ND1533159).
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[1] Arutyunyan R.A. High-temperature embrittlememtd creep fracture of metallic materials // Medbswrof Solids.
2015. N 2. P. 96-104.

[2] Ratcliffe R.T., Greenwood G.W. Mechanism of itation in magnesium during creep // Phil. Mag. 896ol. 12. P.
59-69.

[3] Boethner R.C, Robertson W.D. A study of thevgifo of voids in copper during the creep processieasurement of
the accompanying change in density // Trans. oMbgllurg. Society of AIME. 1961. vol. 221. N 3.613-622.
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[5] Woodford D.A. Density changes during creep iickel // Metal science journal. 1969. vol. 3. N P1234-240.

EFFECT OF THE AERO-THERMO-ACOUSTIC TREATMENT ON THE PROPERTIES OF RAPID STEELS

Atroshenko S.A?
1 - IPME RAS, St. Petersburg, Russia
2 - SPbSU, St. Petersburg, Russia
satroshe@mail.ru

The work is devoted to improvement of characterssof rapid steels. The subject of this study israstructure
changing during aero-thermo-acoustic treatment emmarison with conventional kinds of heat treatmend
characteristic changing of rapid steels under afiergioned treatment.

Materials for the study were as follows: rapid s®8M5 and American brand high speed steel HCV ldBdgrades.
These materials were investigated metallograplyiedter aero-thermo-acoustic treatment and compaifted standard
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heat treatment. Aero-thermo-acoustic processind\PAT1-2] is one of the combined tools, which effeon materials.
During this treatment temperature and acoustiddiedffect to form the desired material propertim®ughout the
volume of a material and a surface layer. This paeals with the experimental study of the micnastire of rapid
steels after aero-thermo-acoustic treatment in daatibon with standard heat treatment (SHT) in défe variations
and clarify the physical mechanisms that cause g¢gmim the mechanical and structural charactesistiat determine
the durability and strength indicators.

The main result of this work is determination ofpdadence of aero-thermo-acoustic treatment reginfleence on

rapid steels behavior. It was revealed that apgidicaof aero-thermo-acoustic treatment technologg be used for
strength characteristics increasing of rapid steels

1. The effect of aero-thermo-acoustic treatmenthenstructure of the materials: a processing siraedtomogenization
occurs and the grain refinement and reductionze ef carbides

2. Rapid steel drills after ATAP 6.8 times strongad more productive than similar drills after SHT.

3. In almost all cases, these steels after ATARame in microhardness is observed in 10-33 peccenpared to SHT.

4. Application ATAP improves the durability of theutting tool. Consequently, it can be used in toaduction to

increase the characteristics of high-speed steels

References

[1] Atroshenko S.A., Lamonova O.A. Investigationtbé effect of aero-thermo-acoustic processinghenquality of
rapid steels. Vestnik ENGECON. Series: engineesaignce. 2009. Vol. 8 (35) 95-107

[2] Erofeev V.K., Vorobyova G.A., Genkin P.G. aghermo-acoustic treatment of metals and alloys taMgrocessing
2001 -Ne6 - C: 18-22

HEAT PROPAGATION IN AN IDEAL ONE-DIMENSIONAL CRYSTA L HEATED BY A SHORT THERMAL
PULSE

Babenkov M.B'?, Krivtsov A.M.22, Tsvetkov D.\A?2
1 - Peter the Great Saint Petersburg Polytechnieddsity, St. Petersburg, Russia
2 - Institute for Problems in Mechanical EnginegriRAS, St. Petersburg, Russia
mikhail.babenkov@gmail.com

The equations for the heat flux and kinetic tempeea are analytically derived for one-dimensionafedt-free
harmonic crystals based on the correlation anabsisthe long-wave approximation in [1]. Unlike thiter equations
of the hyperbolic heat conduction [2, 3], the equafl] is time-reversible and has only one indafsant parameter, the
speed of sound. This equation also holds truehfohe-dimensional harmonic crystal on an elastiadation [4].

The analytical solutions of this differential eqoatare obtained for various initial and boundaoyditions, namely: a
thermally insulated half space heated by an inatedus point source located at its edge, the gpalfran evenly
heated half space under the boundary conditionkeofirst kind, heating of a half-space and a layih a short laser
pulse distributed in the media according to therBeambert—Bouguer law. The solutions are obtaineth lin the
closed form and in a form of a series. The detadledlysis of the obtained solutions is conducteel:have built the
envelope curves for the solution profiles, studieel asymptotic behavior of the solutions and ptbttee temperature
with respect to time at the both ends of the hetagdr. All the obtained results are compared wilith analogous
solutions within the classical Fourier and hypeidbdleat transfer models. The analytical results amefirmed by
computer simulations.

The main emphasis in this work is on the studyifighe possibility to measure the described effexigerimentally.
The work tries to predict the complications thah gssibly occur and give the estimated valuesnoé and space
resolution required to fix experimentally the diface between the temperature values predictedabygical Fourier’s
law, the hyperbolic heat transfer model and motiel [
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HIDDEN DEFECTS IN MATERIALS, FAULTS IN SEISMOLOGY A ND PREVENTION OF HAZARDS
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Babeshko V.A2 Evdokimova O.\, Babeshko O.M, Zaretskaia M.V, Pavlova A.\A, Uafa G.H?
1 - Kuban State University, Krasnodar, Russia
2 - Southern Scientific Center RAS, Rostov-on-Dienssia
babeshko49@mail.ru

The connection between the behavior of materiall défects such as cracks perpendicular to thedaoies of elastic
bodies and lithospheric plates with faults in casearious external influences in layered bodiegxplained. Such
behavior of these mechanical structures is seeingldifferent types of external influences. Thedid@lement method
is applied, which allows to investigate arising bdary problems difficult to study with other appebas. The stress-
strain state of block structures generated by thdied mechanical problems was investigated, aadctimditions of
stress concentration build-up in hazardous areas ¥eeind. It was established that there are paensethe role of
which is paramount in assessing the possibilityde$truction of the structures under considerafidre conditions
allowing to exclude the occurrence of damage becafislefects and faults, or to reduce the levalasitruction were
formulated for a number of problems.

This work was supported by the Russian FoundatiorBasic Research, projects nos. (14-08-00404);01®1379),
(15-08-01377), (16-41-230214), (16-41-230218), 486230216), (17-08-00323),by the Program no 1-33Rthe
Presidium of the Russian Academy of Sciences,qis0j@256-2014-0006), and from (0256-2015-008BJGR56-2015-
0093).

SHELL MODELS IN STRAIN GRADIENT ELASTICITY: VARIATI  ONAL FORMULATIONS AND
ISOGEOMETRIC IMPLEMENTATION

Balobanov V., Niiranen J., Khakalo S.
Department of Civil Engineering, Aalto Universifinland
viacheslav.balobanov@aalto.fi

The goal of the present work can be divided int@ twain parts. The first one is development of asjioy

mathematical model for shells in the framework todis gradient elasticity theory by following theepious works in
the field (e.g. [1-3]) with appropriate variatiorfarmulations. The second part is the implementatiba reliable and
efficient numerical method as an isogeometric [pem-source user subroutine into a commercial fielEement
software with the aid of experience of existing lempentations for shells in the classic elastidiiydry [5].

Such an approach allows one to use the advantagggested by strain gradient elasticity theories rfardelling

materials with microstructure on different scalesnwacro-objects with substructures. The multi-saaledels and
numerical methods finally target at solving compégrgineering problems of different fields.
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MECHANICS OF PENETRATION AND STRUCTURAL PROTECTION IN THE FRAME OF
OPTIMIZATION GAME THEORY

Banichuk N.\A?, lvanova S.}:
1 - Ishlinsky Institute for Problems in Mechanidglte Russian Academy of Sciences, Russia
2 - Moscow Institute of Physics and Technology, $taus
banichuk@gmail.com

The questions of the shape optimization of an amiegtric rigid impactor and structure optimizatiof layered
perforated plates are studied on the base of tish §ame approach [1], [2] for layered plates mad¢he given set of
materials. As a criterion of the multipurpose optition problem it is chosen the ballistic limitleeity under
additional constraints on the impactor mass andabered shield mass. The process of penetratidheofigid body
into an elastic-plastic medium is modelled by tphpl&ation of the two parts representation for thgistance force [3].
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It is proposed and realized the solution algorithfnthe conflict game problem: the optimal shapeaoipr against the
optimal structure layered shield. It is considette®l case when the impactor mass is given and duedepend on its
volume and also the case with the constraint onirigactor mass (volume). With the application of ewolution
numerical method (genetic algorithm) the optimahmts of penetrating bodies and corresponding optaimiald
structures are found and analyzed for all cases.
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EXPERIMENTAL INVESTIGATION AND NUMERICAL ESTIMATE O  FINTERFACE FRICTION IN
ARAMID WOVEN FABRICS

Beliaev A.P-?, Beliakova T.A2%, Chistiakov P.\, Iniukhin A.V., Mossakovsky P.A, Zezin Yu.P-?
1 - Institute of Mechanics Lomonosov Moscow Stateviarsity, Russia
2 - Lomonosov Moscow State University, Departmdritlechanics and Mathematics, Russia
Belyaev.anton.pav@gmail.com

The processes of energy dissipation in woven lrareea low-rate penetration are strongly influehbg friction [1].
As a result, the successful optimization of thdistad efficiency of the woven protective layersosiid include the
investigation of friction under the suitable loagliconditions.

A common approach to the determination of theifriciparameters is based on the results of expetgradithe yarn
pullout from a fabric layer [2-3]. More realisticetihod involves the use of the experimental datthefwoven layer
pullout under the conditions of transversal comgites [4]. We propose a further development of #pproach. The
new experimental equipment is designed for pulling the fabric layer of the multilayer woven packagnder the
transversal compression. The proposed device alleis specify the compressive loads in a widetfmaecange. The
integral characteristics of friction obtained aseault of experiment can be implemented in the migaemodels of
fracture.

The geometrical parameters both of yarns (up tamfdnts) and of woven architecture were defined sfreral
specimens of fabrics. Elastic moduli and strengtiit$ of aramid yarns were determined. The requieatge of the
transverse compression is estimated by the usé&cehédelling of impact loading of one- and four-laywotective
plain-woven barriers. According to obtained estiotag, the values of transversal compressive loaguintests vary
from 200 N to 2000 N. On the base of the numennabtelling of the proposed experimental equipmeat gtress
distribution uniformity in the middle fabric layeras investigated. The static and dynamic frictioafficients for plain
weave aramid fabric were defined for the casesxifleé-textile and textile-duralumin interfaces.
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EXPERIMENTAL STUDY OF ALUMINUM ALLOY DURABILITY UND  ER MULTIAXIAL FATIGUE
LOADING

Belonogov N.S., Wildemann V.E.
Perm National Research Polytechnic University, R&tussia
cem.belonogov@gmail.com

The study is considered the fatigue life of metaisler multiaxial loading. The relevance of thisdstus concerned
with optimization of structures operating under pbew stress-strain loading conditions. It can bedufor structures
designing in aircraft or machine-building industifijne aim of this work is estimating of reducingetime aluminum
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alloy specimens under multiaxial cyclic and comdisgatic-cyclic loading.

The mechanical tests on the corset-type specimede of aluminum alloy are carried out by usingeletrodynamic
system Instron ElectroPuls E10000. Three typepéements were carried out in this work: biaxi@te torsion and
cyclic tension, biaxial static tension and cyclicsion, proportional biaxial cyclic tension-torsitoading. In the first
and second case specimens were tested with twatadgbf cyclic loading. The static loading wasdyrally grown

from specimen to specimen. In the third case spmwsnwere tested with constant amplitude of strewnsity and
different relation between tension and torsion nsod®ring the tests number of cycles was recordbd.experiment
was carried out until failure or macrocrack appeeeaon samples surface.

As result, the fatigue life versus static compogeritloading diagrams and the life time versusti@iabetween tension
and torsion modes curves are constructed and athlifhese curves were compared with curves comstrweth the

use of different multiaxial fatigue fracture models

The work was carried out in the Perm National ResgeaPolytechnic University with support of the Rass
Foundation for Basic Research, the gran16-01-00239.
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STABILITY ASSESSMENT OF ATIBIA FRACTURE FIXATION | N THE CASE OF THERMAL STRESSES

Belova E.Y.
Saint-Petersburg electrotechnical university "LETI"
eyshukeylo@gmail.com

Fractures of a tibial diaphysis constitute the datgpercentage among all cases of fractures ofbongs, namely 32-
37%. Internal osteosynthesis is one of the modeeraiional treatment methods of these fracturestyPeoblems of
determining thermal stresses and their furtheridenation when choosing a treatment method of & piaare resolved
with regard to such the medicine section as thentedology. However, temperature drop at a boneasarfn an
installation place of a plate and screws duringyesry and temperature change of fixators after isgalf a wound are
not taken in conducting similar studies for bioteglogical systems (BTS) "bone—plate—screws". The @i this study
is determination of maximum values of thermal stessin components of a BTS "tibia bone—plate TRKevgs".

3-D computer models of a tibia bone and a segmdrdature of this bone are created in the CAD Sblbdks.
Fragment is localized to a middle third of a diagihyits size — 50 mm. Height of a diastase isfins Modelling of an
internal osteosynthesis of the segmental tibiatdiracare performed by a plate TRKh (named aftempthge authors —
Dr. S.Tkachenko, Dr. V.Rutsky and Dr. V.KhomutovideQ screws. An area, which is a contour projectibthe plate
TRKAh, is built on the tibia bone surface.

3-D computer finite element model of the BTS "tilhiane—plate TRKh—screws" is created in SolidWorksugation
module. Diaphysis consists of cortical bone tissmphyses and metaphyses — of cancellous tisswprs — of
titanium alloy VT6. Temperature of the tibia bose3i7 °C, temperature of the area — 34.5 ° C. Anpierature in an
operating room is 21 °C.

Maximum values of thermal stresses occurring in poments of the BTS "tibia-plate TRKh-screws", dd arceed
values of dangerous stresses for materials of tt@s@onents according to the results of this st8thhility fixation of
the segmental fracture is not violated. Heatingafea on the tibia surface and fixators to 37 °€uoefor 30 minutes.

HOW A DISSIMILAR-CHAIN SYSTEM IS SPLITTING

Berinskii I.E., Slepyan L.1.
School of Mechanical Engineering, Tel Aviv UniveysiTel Aviv, Israel
iberinsk@gmail.com

In 1971 Thomson published a solution of a splitgimgblem in the elastic double-chain system (Thamst et al., J.
App. Phys. 42(8), 1971). We consider a generatiratf the Thomson’s model for different chainsbioth the quasi-
static and dynamic regimes. This system representere complex waveguide characterized by threee\speeds, two
for the separate chains and one for the connegtdra. Accordingly, there exist three wave rangbere the splitting
could propagate. Based on this model we reveatdmgitions of the transition modes realizations determine to
what extent a particular formulation, quasi-statignamic, discrete or continuum, is adequate. Ttadyais allows to
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define characteristics of such processes and todgimate strength and weakness of different fortimria. Analytical
solutions for steady-state regimes are presentddanalyzed in detail. It is shown, in particuldmatt the splitting can
propagate steadily in the subsonic speed rangalandn a part of the intersonic one. At the saime tthe other part
of the intersonic regime represents a band gapfdrie - speed relations are presented, and tferetice between the
static and dynamic thresholds is demonstrated. W& that in the case of a considerable differentehe chain
stiffness, the dynamic threshold is below the gstaic one in both the subsonic and intersonitnreg. Surprisingly,
the lowest threshold corresponds to the lattero Alke energy and parameters of waves radiatedhéyront of the
splitting are found. The admissibility of the stgalate solutions is checked analytically by the ofa “first filter'.

EXPERIMENTAL STUDY OF STOCHASTIC EFFECTS IN ADAPTIV E TIP-TILT CORRECTION FOR
HORIZONTAL-PROPAGATING SIGNAL BEAM IN ATMOSPHERE

Blank A.V'? Kapranov V.\Z, Suhareva N.A, Tugaenko V.Y
1 - Moscow State M.V. Lomonosov University, Phystegulty, Russia
2 - S.P Korolev Rocket and Space Corporation "Ha&r&ussia
BlankArkadiy@physics.msu.ru

An experimental study of the dynamics of of adaptorrection of tilt collimated energy beam at theput of 1350-
meter trace are presented. In the processing afrempntal data used the method of phase porterit chaotic maps,
allowing visualization of the unstable processes lairstable states of the system. Feature coreegtivcedures to near
ground of tilt communication track with dynami@ald statistical spatial inhomogeneity and non-aatiity refractive
processes, affected the beam. Usually, availabtédoactuator range of frequency correction on loage, crossed
only the low-frequency part of the refractive mtadion frequency band for the displacement veftiobeam center.
In this mode, the efficiency of the impact shoulel increased by connecting the feedback loop froendhtput.
Proposed the statistical model and the criteriaffi€éiency correction algorithms in conditions oéakly and strongly
developed turbulence. In the representation ofsihectral filters are considered canonical adaptasilgorithms -
proportional, integral and differential - for regnguasi-regular atmospheric currents and turbeleaherent mode,
the equivalent of the development process of sgjidutization under conditions of high temperaturgd@gnts near the
surface layer. Ambiguity of observed for positiomalues dispersion parameters of the first spacaments of a signal
beam for the given meteo regimes on a trace innglesef correcting influence, and at inclusion adqass of adaptive
correction is under discussion.

PLASTIC DEFORMATION THROUGH STRESS-INDUCED MIGRATIO N OF HIGH-ANGLE GRAIN
BOUNDARIES IN METAL-GRAPHENE NANOCOMPOSITES

Bobylev S.\A23 Ovid'ko I.A123
1 - Institute of Problems of Mechanical EngineeriRgssian Academy of Sciences, Russia
2 - Peter the Great St. Petersburg Polytechnic éssity, Russia
3 - St. Petersburg State University, Russia
bobylev.s@gmail.com

A theoretical model is suggested which describestig flow through stress-driven migration of higihgle grain

boundaries in metal-graphene nanocomposites. Ifirdmeework of the suggested model, stress-drivenn@@ation

gives rise to the formation of wedge disclinatietsSB junctions and edges of graphene inclusionsrdy and stress
characteristics of stress-driven GB migration aakewated in several metals (aluminium, nickel &wumn metal). It is
found that graphene inclusions strengthen metgdfgrae nanocomposites. This is well consistent exberimental

data reported in literature [1]. Also, it is revedlthat graphene inclusions in metal-graphene mampasites either
hamper or enhance unstable GB migration and thegeig growth driven by stress, depending on inohslength.

References
[1] ILA. Ovidko // Rev. Adv. Mater. Sc38(2014) 190.

PADE APPROXIMANTS AND EXACT SOLUTIONS TO NONINTEGRA BLE EQUATIONS OF NONLINEAR
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WAVE MECHANICS

Bochkarev A.V., Zemlyanukhin A.l.
Yuri Gagarin State Technical University of Sarat®aratov, Russia
ab2009sar@list.ru

The equations of nonlinear wave mechanics of dedbten systems have a complex analytical structuck cten

contain a gradient, non-gradient and nonlinear $eofhigh order. Exact solutions of such non-indédg equations
exist for some non-trivial conditions on the eqoas coefficients. Finding the conditions and buidithe

corresponding exact solutions plays an importaletirothe verification of numerical methods for\sog equations and
in problems of acoustic diagnostics and nondesteidesting of materials. In this paper, we propasmethod of
constructing exact solutions to integrable and imbegrable equations of wave mechanics based oddtemination
of the exact sum of perturbation series. For surgrsiries, we use a criteria of equality of seqaéwuiagonal Pade
approximants, the minimum order of which is detewdi by the pole order of the equation’s solutiomeWwthe criteria
are met, there are conditions on the coefficielitthe equation, in which the Pade approximantsdmsired exact
solutions. The analysis shows that the proposetiadatan be effective for nonlinear evolutionary &gpns having no
arbitrary functions of independent variables anetcgd functions of the dependent variable as tbaéfficients.

2D GRANULAR DYNAMICS SIMULATIONS OF UNIAXIALAND UN IFORM COMPACTION OF
POLYDISPERSE NANOPOWDERS

Boltachev G.SR, Chingina E.AL, Lukyashin K.E., Markov V.M 2, Volkov N.B}
1 - Institute of Electrophysics, UB RAS, EkaterinfpuRussia
2 - Ural Federal University, Ekaterinburg, Russia
grey@iep.uran.ru

Two granular systems (I and 1) corresponding tedexnanopowders having different agglomeration égegt have
been simulated by the granular dynamics method. ifitezaction of particles involves [1, 2]: the dlasforces of
repulsion (modified Hertz law), the tangential fesoof “friction” (Cattaneo — Mindlin, Reissner —-g8ai, Lurie, Jager
laws), the dispersion forces of attraction (modifielamaker’'s formula), and in the case of Il typestsypn the
opportunity of creation/destruction of hard bonflslremical nature [3]. The processes of the uniacaapaction and
the isotropic compaction of model systems withetiéht particle size distributions have been studigee model
systems are: monosized systems with particle diemde¢qual to 10, 20, or 30 nm; bidisperse systems diiferent
content of larged = 30 nm) and smalld(= 10 nm) particles; polydisperse systems desciilyeldg-normal distribution
function with different width. Non-monotone depende of compact density on content of bidisperséegsy$as been
revealed: in the vicinity of percentage of smalitigtes about 80 — 90 % the bidisperse compactitjeasceeds by 1-
2% of maximum density of corresponded monosystédine.width of distribution function of polydispersgstems has
been varied from zero (monosystems) up to 0.47chvis typical value for experimental nanopowderf [# is
revealed that polydisperse compact densities diffsakly, less than 1%, from the monosystem density.

The work has been fulfilled in the frame of statktproject No. 0389-2014-0002 and supported byRREBoject Nos.
16-08-00277, 16-33-00826 mol_a).
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COMPACTION RATE INFLUENCE ON NANOPOWDER YIELD STRES S: 2D SIMULATION BY
GRANULAR DYNAMICS METHOD

Boltachev G.Sh., Spirin A.V., Chingina E.A., Volkdi/B.
Institute of Electrophysics, UB RAS, EkaterinbuRyissia
grey@iep.uran.ru

The granular dynamics method is widely used forusitions of quasistatic compaction processes ofaniand
nanopowders [1-3]. However the development of éffeanethods of magnetic pulsed compaction [4], mtihe strain
rate is about 1010° s?, necessitates simulating dynamical processesatticplar, the dynamical yield stresses, as a
rule, do not equal to the static ones. To perfdnm qualitative analysis 2D simulations have beemiezh out. The

uniform compaction of alumina nanopowder (partictésmeter is 10 nm) at relative ratV = (1/p)(dpldt) =
6.8x 10, x10",x10°,x10°,x10" s! has been simulated. The results of the simulatiodiside follows: 1) the

relative location of compaction curves, from iritiensity P = 0.5 up to the valuc@ = 0.95 that corresponds with
pressure of about 3 GPa; 2) the magnitude andutaidn of stress relaxation after compaction psscé&he positional

relationship of uniform compaction curves is wedlsdribed by the relatior P(P, V) = R (0) + K,\}M(p _po)s,

where pstat(lo) is the curve of quasistatic proce (v-0) , and the coefficier k\/ =21.5 MpPa ¢4 For example, to

reach maximal densit (© =0.95) at compaction ratv =10 st the pressure by 200 MPa higher than that of
quasistatic process is required.

The work has been fulfilled in the frame of statktproject No. 0389-2014-0002 and supported byRREBoject Nos.
16-08-00277).

References

[1] Agnolin, J.-N. Roux. Phys. Rev. 8, 061302 (2007).

[2] F.A. Gilabert, J.-N. Roux, A. Castellanos. Physv.R€78, 031305 (2008).

[3] G.Sh. Boltachev, N.B. Volkov, E.A. Kochurin, |A. Maximenko, M.B. Shtern, E.G. Kirkova. Gran. MafZ, 345
(2015).

[4] G.Sh. Boltachev, K.A. Nagayev, S.N. Paraniry.ASpirin, N.B. Volkov. Magnetic Pulsed CompactiohNanosized
Powders. — NY: Nova Science Publishers, Inc. (2010)

DISLOCATION KINETICS BASED APPROACH TO PREDICTION O F MICROSTRUCTURE EVOLUTION
OF ULTRAFINE-GRAINED COPPER ALLOY UNDERGOING MULTID IRECTIONAL FORGING
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Existing models of plasticity and dynamic recry&ation [1] do not provide a possibility to pretlibe whole variety
of different processes of defect structure evoiutiometals in the course of severe plastic deftongSPD). Besides
that, most of them do not take into account noriligum dynamical nature of these processes anatiomships
between different defect structures. All of thiskes it impossible to predict changes in the stiergoperties of
metallic samples subjected to deformation and t@ldped theoretical methods for determination dfrogl regimes of
SPD [2]. This paper presents an attempt of selfisbent description of evolution of several struatumaterial
variables. These variables include dislocation/sge, mobile/immobile dislocation density, fracisoof high angle
grain boundaries (HAGBs) and triple junctions awndos. Introduction of explicit interconnection beiwn different
kinetic models (for dislocations, triple junctio®$AGBSs, etc.) substantially reduces the numbertafihg” parameters
and results in a self-consistent description ofithlved processes. The developed theoretical mede embedded
into FEM numerical code and used to simulate deftion of copper sample undergoing multidirecticfoaging. The
received modeling results include both the evotutid metal defect structure and the spatial digtidn of defect
structure within the sample volume. Different prdigs of microstructure have a corresponding (andnany cases
considerable) mechanical effect. In that connectindevelopment of numerical approaches that elabty predict
microstructure evolution for SPD processed metalf & great importance for micromechanical engingef metals.
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MECHANISMS OF PLASTICITY AND PLASTIC ZONE AT THE I- MODE CRACK TIP IN DENTINE
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Dentin is a natural hierarchical composite — on¢hef main materials composing human and animal tde®]. The
basic component of dentin structure is a meshteftinined organic collagen fibers (CFs) [3,4] whante connected to
each other by a plurality of nodes. This mesh flls space between dentin channels (cylindricalsroff ~3-5 um in
diameter), forming the mesoscopic scale level otidestructure. The nanoscopic level of the striecia formed by an
inorganic phase — the calcium hydroxyapatite naystals, the most of which are located between GFsThe CFs,
which are the bundles of fibrils having semi-crilsta structure, form the basic microscopic struatwnit of collagen.
Individual fibrils are thin elongated nanostructurith diameters ~2®0 nm, up to several micrometers in length.
We have studied theoretically the following threxsgible mechanisms of inelastic deformation in idei(f) the plastic
shear in the node of two CFs, (ii) the separatio@fes from one another in that node and (iii) thelastic stretching of
an individual CF due to local ruptures and relathifts of tropocollagen molecules. Our theoretiesifimates show
that plastic shear in the node of CFs requiregivelst small local shear stresses less than 150.MRan less tensile
stress is required for the separation of CFs fromanother in the node and a slightly higher terstiless is needed for
partial longitudinal break of individual CFs [6].

For each of these mechanisms, we have estimatesizhef plastic zone near the I-mode crack tip stmalvn that the
detachment of CFs is the easiest mechanism ofsiieldeformation. At very small external stresesslthan 10 MPa,
the break of CFs can be observed only in the alaseity of the crack tip, and the plastic zoneesghould not exceed
some hundreds of nanometers. The plastic zondrgireases monotonically with increasing externadsst and at the
stress values higher than 50-100 MPa, it can resachof micrometers. These estimates qualitativefyespond to the
plastic zone size observed by TEM in dentin samyi#s cracks [2].

This work was supported by the Russian Sciencedatiom (grant No. 15-19-10007).
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NUMERICAL SIMULATION OF MICRO-LOCALIZATION BEHIND T HE SHOCK WAVE FRONT AND
PHYSICAL INTERPRETATION OF THE PARAMETERS OF STRAIN RATE SENSITIVITY OF
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Strain rate sensitivity parameter is traditionallyed to describe the changes in the yield streafythaterials with
increasing strain rate. At the same time, at highirs rates, there are additional effects of theenia strain softening
associated with an increasing in the density ofileatislocations and reducing the dynamic yiel@ss¢r[1]. The nature
of this effect remains a scantily explored issue. adnsider the phenomenon of micro-localizatiothatshock front in
aluminum and copper by three independent positiosislg dislocation plasticity based numerical satioh [1, 2], the
integral criterion of plasticity [1,3] and compais with the experimental measurements of the partielocity
dispersion [4]. It allows us to relate the amoundeformation intensity deviation with the mechaiparameter of the
strain rate sensitivity and, thus, determine tlas<bf materials to which these instabilities aeetmanically significant.

The study was supported by the grants from theiddes of the Russian Federation (MK-4649.2016.1 &#fid-
7481.2016.1) and the Russian Foundation for Bas®eRrch (project No. 16-31-60051).
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FLOW OF VISCOPLASTIC SUSPENSIONS IN AHYDRAULIC FRA CTURE

Boronin S.AY, Osiptsov A.AL Desroches 3.
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Existing hydraulic fracturing simulators descrilhe flow of particle-laden suspension inside a hyficafracturing in
the framework of power-law rheological model. Aatiog to rheological experiments, large concentratid solids
provokes finite yield stress of hydraulic fractgifiuids, which has to be considered to provideusai® prediction of
proppant placement and consequent fracture comnitycti

We continue to study flows of immiscible incompiibs Bingham fluids in a narrow rectangular channel
approximating a hydraulic fracture started in [3%ing the lubrication approximation, three-dimensioNavier-Stokes
equations are reduced to the system of advectiomtegs for the fluid tracers and quazi-linearpti equation
describing the pressure field. The system is solvecherically using the finite-difference approaaid astaggered
rectangular grid. Advection equations are solveplieitly using the flux-limiting TVD scheme, whil¢he pressure
equation is solved implicitly using Picard iterasoand multigrid liner solver with matrix-dependeestrictions and
prolongations [2].

The model is validated against a number of exparimmeade in Hele-Shaw cells, namely, slumping afvigeoil in a
slot; particle transport and bed formation in watdanneling of power-law fluids through the yialdess fluid [1].
Parametric study of the displacement of Bingharidélun a Hele-Shaw cell is carried out. It is fouhdt the pillar of
yield-stress fluid behaves similar to that of Nemm one in the absence of Saffman-Taylor instgbikingers
developed through the pillar of yield-stress fltiigger the development of unyielded zones. Ibisnd that increase in
Bingham number (which is the ratio of the yieldest to the typical viscous shear stress) leadsctease in finger
shielding effect and increase in overall finger gteation zone.
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EFFECT OF THE MICRO-DEFORMATION ON THE INTERNAL FRI  CTION BEHAVIOR OF AL-MG
ALLOYS
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In this work, effect of preliminary micro deformati on the micro plastic behavior of non-porous potbus Al-Mg
solid solutions was studied by the internal frintimethod using the Direct Torsion Pendulum Techaidthe internal
friction value of non-porous solid solutions incsea gradually with the increase of preliminary mideformation
amplitude. The increase in internal friction is weonsiderable for the porous solid solution. Timgy be associated
with the presence of intergranular pores. The patars of the non-porous solid solutions, charaztegi the
dislocation mobility, increase slightly with theogvth of the prior micro deformation amplitude. Hoxge it has been
noted that its increase is significant in the cafsthe porous solid solution. These variations barattributed both to
the interaction of the dislocations with the diffet obstacles present in the solid solutions, artié phenomenon of
diffusion of the atoms of solute element from ti@atation core to the volume of the polycrystal.

DEFORMATIONS OF A PRE-STRETCHED AND LUBRICATED FINI TE ELASTIC MEMBRANE DRIVEN
BY NON-UNIFORM ELECTRO-OSMOTIC FLOW

Boyko E., Gat A.D., Bercovici M.
Faculty of Mechanical Engineering, Technion - Itastitute of Technology, Haifa, Israel
evgboyko@tx.technion.ac.il

The microstructures in current common use are piiynaigid structures characterized by fixed bournds
Microstructures which can be dynamically deformetb idesired patterns may hold promise for new appbns in
various fields such as adaptable optics, soft ioboand reconfigurable microfluidics. We suggést achievement of
such dynamic deformations by the use of non-unifetectro-osmotic flows in a narrow gap betweergarplate and
elastic membrane, where the induced pressure irfliie is used to exert forces on the membranepiactice,
implementation of such configuration necessariketaplace on finite domain (e.g. a frame holdirgritembrane), and
the placement in the case of thin elastic membrageires its pre-stretching to obtain smooth aatidurface. Taking
into account these considerations, in this workawalyze the viscous-elastic interaction betweeiseous fluid and a
pre-stretched and finite-size elastic membrane.edtite assumptions of strong pre-stretching andl sfteformations
of the elastic sheet, and by applying the lubraratapproximation for the flow, we obtain a lineadz6th order
diffusion equation governing the deformation acdmgn for both bending and stretching. We derive teen’s
function describing the solution in a rectangulamain, and use it to obtain several basic solutfongonstant and
time-varying square-shaped actuations, and exphareffect of pre-stretching on the resulting defation. We further
study the dependence of the deformation magnitudthe spatial wavenumber, revealing its effect lua transition
between stretching and bending dominant regimeslllyj we discretize the zeta potential distribatiato individual
squares (better representing finite gate electjodes study the effect of such discretization om Hcthievable
resolution.

THE SOLUTIONS OF NONLINEAR EQUATIONS OF FLAT DEFORM ATION OF THE CRYSTAL MEDIA
ALLOWING MARTENSITIC TRANSFORMATIONS

Aero E.L., Bulygin A.N., Pavlov Yu.V.
Institute of Problems in Mechanical EngineerindRefssian Academy of Sciences, St. Petersburg, Russia
bulygin_an@mail.ru

Analytical models of crystal media are necessany development of scientific bases of modern teobgiels of
receiving materials with the necessary special meichl properties. The nonlinear theory of defation of crystal
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media with a complex lattice has been constructethé works [1,2]. Deformation of the media in thieory is

u(t,x,y, 2 u(t,x,y, 2

described by vectors of acous and optica modes. For a case of flat static deformation the

vectors U(xy) and u(xy) can be found from system of four connected noalinequations. The vector of
macroshift U(xy) can be found in Papkovish-Neuber form. The systétheoconnected equations is reduced to a set

of the separate equations. For the vector of ITﬁIiﬂDu(X’ y) one has found the sine-Gordon equation with vagiabl
coefficient (amplitude) before a sine. New solusi@f this equation for amplitudes of the speciahf® are given in
paper [3]. Other equations of system are the Boisguations with sources in the right hand paitiware defined by
microshifts. For a case of constant amplitude tlasscof doubly periodic solutions is found for thime-Gordon
equation which are expressed through Jacobi ellfptictions. The analysis of the found solutions &hown that the
nonlinear model describes specific topological deed of deformation of crystal media which are iempénted in the
field of intensive external tension.
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LOCALIZED LUMP-SOLITON-LIKE EXCITATIONS IN QUADRATI  C AND TRIANGULAR MORSE
LATTICE
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Localized supersonic long-living nonlinear modesitd in both quadratic and triangular latticespoint particles
interacting via potential Morse bonds are studied iframe of models of two kinds. First, numerisiahulations on a
base of Newtonian, for zero temperature, and Laingdor non-zero temperature, equations are pedadrio define
configurations (coordinates and velocities of altjzles) of stationary (meta-stable) modes and dteracteristics.
Second, the partial differential equations are v@éelion a base of corresponding dispersion relattonanalyze
excitations of a lump-soliton kind. The equatiorofgshe Kadomtsev-Petviashvili equation for a qadidrlattice but a
differential operator includes additional termsthe equation for a triangular lattice. Equationstludt type for a
hexagonal lattice are discussed as well.

THE ASSESSMENT OF THE ROLE OF THE WIEN EFFECT IN TH E ELECTROHYDRODYNAMIC FLOW
FORMATION IN A CLASSICAL ELECTRODE CONFIGURATION

Chirkov V.A., Vasilkov S.A., Stishkov Yu.K.
St. Petersburg State University, St. Petersburgsiau
v.chirkov@spbu.ru

Generally, all electrohydrodynamic (EHD) flows egieg from sharp high-voltage electrode are belietieede caused
by the injection charge formation whereas the fidhanced dissociation (or the so-called Wien 8ffecdisregarded.
Though the latter was theoretically predicted ye1934 [1] and later described in one of the mogidrtant book on
EHD [2], the experimental evidence of that the Wédfect leads to the emergence of intensive EHvglovas made
very recently [3]; moreover, it was made using aegparticular electrode arrangement.

In view of the above, the goal of the present wsrthe ascertaining the predominant mechanism arfgehformation in
a classical electrode configuration like blade-plane. The configuration was chosen for the ingattn as it features
highly non-uniform electric field distribution, cabe simulated in 2D approach, and allows obserwiatpcity
distributions in a convenient way. The study seekassess the role of the field-enhanced dissoaiati the EHD flow
formation by comparing experimental data and theuktion where only one charge formation mechanighe-Wien
effect—is taken into account. Computer simulatiomolves the complete set of EHD equations: thos@aéson,
Navier—Stokes, and Nernst—Planck. The experimee$ psrticle image velocimetry and dynamical curkaitage
characteristic techniques to observe velocity itiistions and electric currents.

References

[1] L. Onsager, “Deviations from Ohm’s law in weelectrolytes,”J. Chem. Physvol. 2, pp. 599-615, 1934,

[2] A. CastellanosElectrohydrodynamicaNien: Springer, 1998.

19



[3] V. A. Chirkov, D. K. Komarov, Y. K. Stishkov,ral S. A. Vasilkov, “Comparative analysis of numatisimulation
and PIV experimental results for a flow causediblgdfenhanced dissociation]! Phys. Conf. Sewvol. 646, p. 012033,
2015.

TWO-SCALE MODEL OF HYDROTHERMAL SYNTHESIS OF NANOSC ROLLS

Chivilikhin S.A., Kucher D.A.
ITMO University, St. Petersburg, Russia
sergey.chivilikhin@gmail.com

Two-scale model of hydrothermal synthesis of nabpesuis proposed. Macroscopic level of model incuteo-phase
hydrodynamics of liquid with nanotubes, heat tramspnd multicomponent convective diffusion in togiid.

On the microscopic level of the model the scrollimignanotubes [1] and evolution of nanotubes engerdbe to
diffusion [2] is described.

As result of calculating the distribution of diametnd length of nanotubes is obtained. Accordiity experimental
data, the diameter of the nanotubes is asympthtiaplproaching the equilibrium value. This equilibn diameter is
determined by the chemical composition of nanotubes
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TRAVELING WAVES IN FLUIDS: KINK SOLUTIONS AND BIFUR CATIONS WITH RESPECT TO THE
WAVE SPEED
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Purdue University
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In this talk, | will present some new results aavigling waves in fluids.

Two examples will be featured prominently: electigmation dispersion waves in a capillary and adeustaves in
thermoviscous perfect gases. In the former casedaction to Darboux's equation is obtained. In ldteer case, a
special case of Abel's equation is derived forsoi but thermally conducting gases. (The caseiszous but non-
thermally conducting gases leads to a more contplicaonlinear ODE.) A thrid example that | will diss is a one-
dimensional weakly-nonlinear model equation based tagrangian-averaged Euternodel (a nonlinearly dispersive
regularization) of compressible flow in losslessdb.

In all three contexts, exact (both implicit and koif solutions are constructed for traveling wavgspecifically,
topological solitons also known as "kinks") conimegtdistinct equilibria of their respective ODE@rfelectromigration
dispersion waves and acoustic waves in viscousibnithermally conducting gases, the governing O®Ehiown to
exhibit a transcritical bifurcation with respectttte dimensionless wave speed at the value of.ufdty the Eulerx
model, no bifurcations arise, however, a kink soluwith an oscillatory tail is found to emergeths exact solution of
a signaling-type initial-boundary-value problem tbe linearized equation of motion, which conneotshe work of
Porubov and Maugin on dispersive kinks.

I will conclude the talk by highlighting the genenature of kink-type traveling wave solutions asréluid mechanics.

TIME-DEPENDENT BEHAVIOR OF GRANULAR MEDIA

Chudnovsky AL, Zhang H:, Dudley J.W, Schreiber Y&.
1 - UIC, Chicago, USA
2 - Shell International Exploration & Productiongl, Houston, USA
3 - Ferchau Engeneering GmbH, Neu-Ulm, Germany
achudnov@uic.edu

The granular media in a jammed state behaves lga@id, whereas under other conditions it may betess/a liquid or
gas. However, in spite of resemblances it is a wenysual solid, liquid or gas. Of particular inttrare the time-
dependent deformation in a jammed (solid-like)estet well as conditions of the transition from Edslike to a liquid-
like states. Such transition has been observed lejammed state breaks down and a “fluidizatitaKes place.
Modeling of mechanical behaviour of granular medi@ commonly addressed by phenomenological metbbds
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continuum mechanics and macro scale experimentsnenside and by statistical mechanics methods antkrical
simulation combined with micro scale experimentglo other. There are numerous observations ahe-tiependent
deformation of granular media in a solid state thateeplylinked to its granular structur&@he root causes of time-
dependent deformation are micro fracturing alorgygtain contacts leading to sliding and rotatioindfvidual grains,
local rearrangement of grain clusters, grain cnghthemical degradation, physical aging etc. Suiomechanisms
of deformation are noticeably different from that ¢onventional materials like metals and polymekstypical
representative of the granular media is an uncatateld sand. In this work we use a cohesionlesd sastudy the
time-dependent deformation of granular materialpétimental observations and modeling effort in ®sicbf sand
deformation under step-wise loading with varialtfess steps and hold time of constant load arerteghoAnalysis of a
large body of experimental results and modelingreésf suggest that there is a very strong dependehtlge sand
deformation on the loading history. This paper enés a predictive modeling of granular media (sactdep. The
model employs an iterative stress-strain path dépemralgorithm calibrated to a set of experimed#dh. An algorithm
of the sand density increment dependency on thaqu® density and the step-wise loading histogy, ia sequence of
stress increments, number of steps and hold timatida is formulated in form of a recursive functidt is based on a
parametric analysis of a series of tests with @ntsstress increments and hold periods. The walaithe proposed
algorithm is verified by applying the calibrated aebto predict independent tests results. Obsemsitand analysis of
solid-like state transition into an anisotropiculiid-like states are also discussed. Applicationsepbrted studies are
briefly addressed.

METAMATERIALS WITH AUXETIC AND ULTRA-WIDE BAND GAP ~ PROPERTIES

Corigliano A., Ardito R., D'Alessandro L., Zega V.
Politecnico di Milano, Italy
alberto.corigliano@polimi.it

Metamaterials are special micro-structured materad-hoc designed to obtain properties usually existing in
standard materials. Two meaningful examples arestamaterials [1] with negative Poisson’s ratiad gghononic
crystals with wide-band gap that filter elasto-ast@uwave transmission [2].

The lecture will be devoted to recent findingshe field of metamaterials with a particular focaduture applications
at the micro-scale, typically for innovative micystems.

Auxetic structures [1] seem very promising for aggtions in microsystems especially as motion cosige
mechanisms. The most popular feature of auxetigctres is, in fact, that they can expand in theation
perpendicular to an externally exerted tension $hmswing an equivalent negative Poisson’s ratioaddition, they
enhance material properties related to negativesBnls ratio, such as increased shear modulushtatiten resistance,
fracture toughness, energy absorption, porosityipability variation with strain and synclastic catwe. The lecture
presents three auxetic structures obtained astsesfutlifferent optimization procedures. All of theare based on the
maximization of the ratio between the displacemebtsined in one direction (i.g-direction) as a consequence of the
displacements imposed in the orthogonal directi@n X -direction) and the imposed displacements themselseme
3D extensions of the optimized 2D auxetic structaee, then, also proposed as 3D motion conversgghanisms in
microsystems.

On the other side, periodic structures and microctires may exhibit bandgaps, i.e. portions afjiency domain in
which there is no propagation of waves. Such phemarare well known when dealing with electro-maignetive
transmission. Recently, there has been a growitegest in the mechanical counterpart, namely elastiacoustic
waves [3-4]. Applications of such periodic struetirin the elastic and acoustic domains span allnitbehanical
frequency domain ranging from very high frequencye heat conduction) to very low frequency (i.eissgc
insulation). Generally, the widest the bandgap thmest robust the wave attenuation around a cert@quéncy,
therefore all the applications take advantages fveny wide bandgaps. The lecture presents stratégienprove the
bandgap width from the mechanical point of viewvadl as modeling and experimental validations o thidest
bandgap in literature for three dimensional elagtiononic crystals [2]. Particular attention is oed to the role of
additive manufacturing techniques in this kind pplcations.

Finally, combination of auxetic and phononic prdjgsr in the same structured material are illusthate order to
exploit tunability of the insulation properties.
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FRACTURE AS A RESULT OF SOLID AND FLUID INTERACTION , EFFECTIVE NUMERICAL MODEL

Da Fies G., Mishuris G.
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Many natural and technological processes involvigl f- solid interaction. A specific class of themayrexhibit fracture
of solid as a result of strong impact from thedluDne of such processes is Hydraulic fracturibdnappens when a
fluid is pumped at high pressure into a solid mateThe push of the fluid makes the fracture pggieng. This
coupled problem is very difficult to solve. Theatg non-linearity of the model requires the useanofiterative
algorithm and the presence of singularities reguine intensive use of asymptotics to get good testitided to this,
other aspects of the problem make it more difficsllich as moving boundaries or possible leakadbeofluid inside
the material (the so called leak-off phenomenon).

There are a number of numerical simulators (mazitjpmercial ones) dealing with such problems buit thecuracies
have not been externally verified while performastik needs a significant improvement [1]. Even floe simplest 1D
models (PKN, KGD and radial fracture) there isl stlom for improvement and understanding. Recerstyveral
groups are working on the improvement of existingnerical techniques used in the HF simulators. Tt
successful ones are [2, 3, 4].

In this work we consider an improved algorithm tioe case of local elasticity operator and Non-Neweto fluid which
makes use of proper choice of variables (veloaity erack opening), accurate asymptotic behaviodhefsolution in
various regimes, exact implementation of the sppdhtion (Stefan type propagation condition atcttaek front) and
added support for higher order quadrature formulasmiew efficient time integration strategy usinggltmér order
backward scheme has been implemented. This allavgetb achieve better performance (higher accuracthé
computation of the solution, and, in general, miasher and stable algorithm.

Now our work is focused on bringing all these upig@sinto the non - local framework of linear elgistiand then to
implement the new important feature, shear stredsgcied by fluid on the crack surfaces [5]. Thid filly resolve the
problem of small toughness and the compatibilitfleen viscosity dominated regime and the leak-aflets like
Carter’'s one [1]. Another improvement that we aweng to implement is related to the treatment of ttrack
propagation. Finally we are also considering anotbeal version of the HF problem when the fluideop a gap
between the rigid support and a thin non - eldiststie.

The project for the future is to put together bt knowledge acquired working on the classic 1D etodnd to use it
for adapting our solver to the case of 2D model.
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SURFACE ENGINEERING FOR PROPERTY ENHANCEMENT OF PHA RMACEUTICAL POWDERS

Dave R.N.
New Jersey Center for Engineered Particulates, d@gey Institute of Technology, USA
dave@nijit.edu

Research innovations applicable to pharmaceutiodlstry based on particle surface engineering thatoits
interactions at the nano and micro scales are skgstls Our work involves development of practicathodology
employing dry mechanical processing, called drytioga to create nano-rough surfaces onto micro grogders.
Methodology includes development of models to bettederstand cohesion and its subsequent impackegn
properties of surface modified powders. This haktte development of dry coating toolbox as a pridic model-
based approach to mitigate problems posed by fim@rnpaceutical powders due to high cohesion, leading
improvements in flow, packing, fluidization, dispem, and charging. Examples of its applicabildypharmaceutical
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products are presented. Open issues such as jadiftthe bulk behavior based on individual paetiproperties are
discussed along with the need to develop modetsatltav predicting properties of multicomponent moives.

ADVANTAGE OF SOIL REMEDIATION FROM VOLATILE CONTAMI  NANTS BY HOT AIR INJECTION

Dayan A.
Mechanical Engineering Dept., Tel Aviv Universitstael

dayanl@post.tau.ac.il

The study is on the merit of conducting soil vapatraction (SVE) operations with hot air as compatiee operations
with unheated air. In general, SVE are operatet wiit at ambient temperatures with or without thereoil warming.
Thermal enhancement of soil vapor extraction (TEBY4Eusually attained by electrical heating of gwl and is
conducted with or without steam injection. Here fibeus is on using hot air to enhance the vapaaetibn rate. The
study shows that this soil remediation techniqukighly attractive, particularly when the soil pay&turation drops to
low levels (say under 0.1%). At this low saturatiewels, cleanup rates of regular SVE methods akedly slow. To
demonstrate the advantage of the hot air TESVEntquk, a sandy soil containing contaminated watastudied. The
effectiveness of SVE processes is measured byah@minant mass-removal rate and the removal-cplatiit. As
expected, the heating indeed drives a higher vpmssure of volatile contaminants as well as batiher vaporization
and diffusion rates, thus providing a faster seilediation process. The governing equations aredbas the Darcy
law and are applied to an expanding compressilo. flThe equations were solved analytically to deiee the
minimal time required for complete soil remediatiém approximate closed form solution was obtaibhaeded on the
assumptions of local equilibrium (owing to low flmates) and a linearized representation of the vapair density-
ratio dependence on temperature (reasonable appatan for non-excessive air heating). The charisttc reduction
of time necessary for SVE completion is calculated function of the injected air temperature. Liksayithe
corresponding additional energy consumption requéngs are also calculated. For example, it is shthan for a
certain realistic condition, elevating the injecdtemperature by 2Z can reduce the required SVE process time by
50%, while increasing the total energy consumpkipi30%. The cost of this added energy consump$iénsignificant
considering other cost savings, such as equipmi#ation and manpower, which are cut by 50%. #sence, the
model provides a tool that can be easily used timate the potential gains of TESVE operations witht air for
various soils properties and characteristic dinmnssi

ON THE THEORY OF ELECTROMAGNETIC SEPARATION OF GRAN ULAR MATERIALS

Demidov I.V.
IPME RAS, St.Petersburg, Russia
dvsmallville@gmail.com

The aim of this work is to determine statisticaberties of motion of paramagnetic particles in ldnger of non-
magnetic particles, by solving the model probleimc& the paramagnetic are weakly magnetic substaand it is
practically difficult to achieve strong magnetiell gradients, it is necessary to take into accetfects of collisions
on the motion of paramagnetic particles. A closgstesn of equations describing this motion is olgdinAnalytical
calculations give relatively simple equations thiadvide qualitative assessment of the paramagpatiicles extraction
process. The corresponding insights into the psotaslitate numerical modeling of magnetic segtiegaand can be
also of use for setting up the related natural erpnts.

MICROMECHANICS BASED FRAMEWORK WITH SECOND ORDER DA MAGE TENSORS

Desmorat B, Desmorat R, Kolev B2, Olive M2
1 - Institut d'Alembert, Univ Paris 6 — CNRS, Franc
2 - LMT-Cachan, ENS Cachan, CNRS, Univ Paris Sa¢tegnce
3 - 12M, Aix Marseille Univ, CNRS, Centrale Mardeil France
boris.desmorat@upmc.fr

Using the harmonic decomposition of an elastiatysbr, we investigate the induced anisotropy dubdgresence of
(non-interacting) cracks in an initially isotropinear elastic material.

In 2D, we recently obtained the following resuhiste case of closed cracks: the microcracking ssatepresented by
a single 2nd order crack density tensor, the canpé tensor is square symmetric, and two cracleyamllow to
represent the effects of any arbitrary closed nai@oks systems, the angle made by the two crackgsabeing pi/4.
Moreover, the irreducible part of fourth order cparin compliance tensor is found to be an harmegitare of an
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harmonic (i.e. symmetric and deviatoric) secondeotdnsor.

In practical case of 3D in-plane measurementsctimeept of harmonic factorization allows us to daizte, similarly to
the 2D case, the irreducible part of fourth ordamdge tensor as an harmonic square of an harmeocond order
tensor.

With this result, we derive a 3D micromechanicseoaBamework with second order damage tensorsllAstriating
example of a family of phenomenological anisotrajatnage models compatible with this framework igi

MOLECULAR DYNAMICS STUDY OF THE SPATIO-TEMPORAL EVO LUTION OF VORTEX-LIKE
ATOMIC MOTION IN A LOADED SOLID BODY

Dmitriev A.1.12 Nikonov A.Yul? Filippov A.E3, Psakhie S.&24
1 - Institute of Strength Physics and Materiale8ce SB RAS, Russia
2 - Tomsk State University, Russia
3 - Donetsk Institute for Physics and Engineering
4 - Tomsk Polytechnic University, Russia
dmitr@ispms.ru

The process of the redistribution of internal fessand atomic displacements in preliminary loastdatl body is
studied by means of the molecular dynamics. A jdisgi of self-organized system of vortices invaig the atomic
motion at a stage of relaxation is demonstrateds Ehown that the typical sizes of such dynamifeds vary in
interval from 1 to 5 nanometers. At that theirifme depends on the size and can be found betfs@ensome part to
the dozens of picoseconds. A new approach to témetifetation of the vortex motion of vector variabtliscretely
distributed in space with random distances betwestes is developed. The used methodology makessgilge not
only to visualize the vortex motion of particles space, but also to analyze evolution of the dyonasefects. It is
shown that the system of the dynamic vortices anivartices can move inside the crystallite andvide the stresses
redistribution from the bulk to free surfaces id@rto conserve continuity of the material.

DISCRETE BREATHERS IN CRYSTALS: NEW RESULTS AND OPEN PROBLEMS

Dmitriev S.V.
Institute for metals superplasticity problems of RARussia
dmitriev.sergey.v@gmail.com

Discreteness and nonlinearity of media are the ingoedients necessary for the existence of theiadlyatocalized,
large-amplitude vibrational modes called discretathers (DBs) or intrinsic localized modes. Durihg last decade a
great deal of attention has been focused on thiy stfi DBs in crystals [1,2]. They have been idéatifin alkali-
halides, ordered alloys, pure metals, covalenttaly¢diamond, silicon, and germanium), and in 2Domaterials such
as graphene and graphane (fully hydrogenated gneph8everal general approaches for finding init@iditions to
excite DBs in molecular dynamics simulations hagerbdeveloped. There exist experimental evidermesxistence
of DBs in crystals. Uncovering the role of DBs arrhation of physical and mechanical propertiesrg$tals is the next
step of the research in this field. This reportlévoted to the review of existing results on DBgiiystals and to the
description of the open problems.
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THE ANALYSIS OF STRESS-STRAIN STATE OF A COMPOSITE PLANE WITH INTERFACE CRACK
FOR JOHN'S HARMONIC MATERIAL

Domanskaya T.0., Malkov V.M., Malkova Yu.V.
Russia, Saint-Petersburg, Saint-Petersburg Statestdity, Russia
tanyath57 @gmail.com

The solutions of some nonlinear problems for biariat plane with an interface crack (cut) are aiddi The plane is
formed by joining of two half-planes made from diffnt materials. On the coats of crack an exteowding is
applied. The constant nominal (Piola) stressekm@ao@n at infinity. Mechanical properties of halfapes are described
by the model of John’s harmonic material. The aggtion of this model has allowed to use the metluddise theory of
complex functions. The stresses and displacenagatexpressed through two analytic functions afraplex variable,
defined by the nonlinear equations on a contowratk. The exact analytical solutions of some poid on interface
cracks are obtained. In particular, the problemmste plane with a free interface crack subjecteddanstant nominal
stresses at infinity and the problems for the plaitle interface crack on which coats uniform presss set are solved.
A particularity of this problem is the dependenédaoundary conditions on a crack from the defororatf its coasts.
A pressure is directed alone a normal to the deddrisurface of coast, and the coast form is unkndve. exact
analytical formulas for stresses and displacemamrtsound. The asymptotic expansions based onlttlgsolutions
have been constructed for the stresses and dispdante in vicinity of a crack tip.

In nonlinear problem of uniaxial extension of ar@awith free crack it is established, that the falam given the crack
opening and the stress intensity factors near ithekdips completely coincide with the similar farlas derived from
the equations of the linear elasticity. The nomista¢ésses have the root singularity at the tipa ofack; the Cauchy
stresses have no singularity. The displacements logarithmic singularity.

It was found out, that in the problem of the crackler action of uniform pressure

some critical pressures proportional to the sheaduie are exist and their excess leads to logsroéterial stability
and large supercritical stresses and strains.

THE APPEARANCE OF NONLINEAR DEFORMATION WAVES IN TH E ELASTIC POROUS MEDIUM
UNDER NON-STATIONARY UNIAXIAL LOADING

Dudko O.V!?
1 - Institute of Automation and Control ProcesseBar Eastern Branch of RAS, Russia
2 - Far Eastern Federal University, Russia
dudko@iacp.dvo.ru

The formulating and solving features of non-stadignboundary value problems are discussed for oroaterials
under their dynamic deformation. When deformatians small, the porous material can be considerepedsctly

elastic different strengths medium having a singptant in the reversible deformation area [1]. Ty@amic transition
through the singular point in the "stress-strairdgdam of the simplest piecewise-linear mathemhbtitadel (collapse
or disclosure of pores) is actually accompaniedhmnges in mechanical properties of the materiasije moduli). As
a result, the model allows both weak and strongadinuities deformations. When solving the noristary

boundary value problem about uniaxial loading &f plerfectly elastic porous half-space, the boundarge leading to
the serial occurrence of strong and weak straicodignuities with different propagation rates waedfied. This effect
corresponding to the load oscillations in the neayhood of the model singular point is achievedhgghe continually
increasing boundary displacement function whichngles its convexity direction at some time point. Meestigate
various forms of boundary conditions, including dadhat lead to the emergence of the strong diseotyt with the

constant propagation velocity, as was done forimolfulus isotropic elastic media [2].
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EAXCT COHERENT STRUCTURES: FROM TRANSITIONAL PIPE F LOW TO FULLY DEVELOPED
TURBULENCE

Eckhardt B.
Fachbereich Physik, Philipps-Universitat Marburgr@any
bruno.eckhardt@physik.uni-marburg.de

The transition to turbulence in pipe flow and otBkows flows have puzzled scientists for centuagmear instability

analysis suggests that they are stable againstl seetlrbations for any Reynolds number. Observatiof the

transition differ widely in the Reynolds numberses the transition occurs. Above the onset of tierue, the flow is
spatio-temporally intermittent. Numerical and expemtal studies that built on judiciously adaptezhaepts from

dynamical systems theory have contributed to unanesh of the puzzle of this transition. The onsa be related to
sub-critical bifurcations in which fully three-dimsional exact coherent structures (ECS) appea.differences in
transitional Reynolds numbers and the sensitiveed@gnce on initial conditions is a consequencéneffact that the
ECS typically are unstable and part of a chaotadEa The spatio-temporal intermittency is a consege of the
transience of the dynamics in the transitionalangi

For higher Reynolds numbers, localized ECS togethiéh a scaling of the Navier-Stokes equation tbambines

length and Reynolds number can be morphed intolerslale coherent structures. As the Reynolds eunmoreases,
more of these states with ever smaller scales apakshe way down to the Kolmogorov scale. Sorfighem remain

localized in the bulk of the flow and help to buifte turbulence cascade, others are localized theawalls and
contribute to shaping the boundary layer profil€€SEnot only provide the key to understanding tlamdition to

turbulence but also for the dynamics and the trarisp the fully turbulent flow.

MODELING THE STATE PECULIARITIES OF THE POLYMER CHA INS AROUND THE CARBON BLACK
NANOPARTICLES

Eliseeva A. YU, Svistkov A.L1?
1 - Institute of Continuous Media Mechanics UrB RA®rm, Russia
2 - Perm State University, Perm, Russia
anastasia_elis@mail.ru

Carbon black in elastomers is typically reinforeeth specific physical and chemical interactiortiod binder with the
filler's particles. The paper describes two hypst#won a possible mechanism for elastomers to ibfoneed by
carbon black.

A hypothesis on the key role played by a potertigdraction of the polymer with carbon black, whialkes place at a
distance of one to a few nanometers near fillenidagses, is rather popular. This view considers\tae Der Waals
interaction between carbon atoms of the filler’'stipes with the units of polymer chains to be vémportant. The
paper identifies serious problems in applying thipothesis to explain the effect of the materialfl@cement.

The second hypothesis states that free radicalthemrarbon filler surface make the interfacial iatdion possible.
Carbon black particles have a developed rough seinfédth a large amount of free radicals in the e of graphite
regions. They are able to initiate the chemicaks#inking near the interface phase. This gives tisfree radicals in
the polymer chains which interact with other adjgceolymer chains to form chemical cross-linkindieTprocess
spreads further into the polymeric matrix.

The paper describes an algorithm to construct dwamgtry of the carbon black particles with due réda roughness
and activity of the particles’ surface. A compigaal experiment allows us to analyze the procdsthe chemical
cross-links formation between the polymer chainem@uter experiments showed that the chemical dnokisg
between the polymer chains can be extended to sidamable distance from the surface of the fillpasticles. In other
words, the layers with special properties may hektenough to significantly affect the macroscopahavior of the
material.

The RFBR project # 16-08-00914 provided financigdport to this research.

MECHANICAL BEHAVIOR OF FE-CR STEELS FOR GENERATION IV NUCLEAR REACTORS.
NUMERICAL SIMULATION

Emelianova E.S., Sergeev M.V., Skripnyak N.V.
National Research Tomsk State University, Russia
emelyanova_esl13@mail.ru

The high demand for heat-resistant and low-actid/ataterials for use in different Gen-IV reactor gmments makes
high-chromium steels a material of great intereststudy [1-4]. Their use in high-temperature andhkpressure
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applications raises the necessity of a detailedystf their mechanical behavior over a wide randeloading
conditions.

Fe-Cr steels are known to be related to a pretipitehardened materials type. Precipitation hamigrias a strong
influence on mechanical properties of the matefiikrefore, it should be accounted for in the matisicribing the
deformation response of precipitation hardened radge This work aims at predicting the mechaniocahavior of
precipitation hardened Fe-Cr steels in the tempegatange up to 1115 K and pressures up to 10 GR&o-level
model that takes into account the effect of grainriwary hardening, hardening due to inclusionefit ands-phase,
hardening through dislocation substructures, amdemang from neutron irradiation on the dynamicglisiocations is
developed for this purpose.

With the use of the multilevel modeling, the adi@baurve was obtained. It demonstrates a goocetaiion with the
experimental data for a Fe-Cr-Ni alloy [4] in theegsure range up to 10 GPa. Yield stress valugwetfipitation
hardened Fe-Cr steels were predicted in the atmwgerof temperatures and pressures. The calcyj@ledstrengths
are in reasonable agreement with the experimeastal fbr 316 FR SS steel [5]. A discrepancy of takwated and
experimental yield strengths of Fe-Cr steel carXmained by a sharp decrease of dhphase concentration within
the temperature range from 500 to 750 K.

The authors would like to thank their scientifigswvisor Prof. Dr.-Sci. Vladimir A. Skripnyak foruitful discussions
and valuable suggestions. This work was supporaetigfly by the Grant from the President of Rusdtaderation and
Grant from the Foundation of D.l. Mendeleev's NaibTomsk State University within the Program afrgmasing the
competitiveness of TSU. The authors are gratefulife support of this research.
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THE INFLUENCE OF DISLOCATIONS AND POINT DEFECTS ON THE SPATIAL LOCALIZATION OF
NONLINEAR WAVES PROPAGATING IN MATERIALS

Erofeev V.1., Leontieva A.V., Malkhanov A.O.
Mechanical Egineering Research Institute of RAShNy Novgorod, Russia
erof.vi@yandex.ru

The problems of nonlinear wave dynamics of matendth dislocations and point defects are discussed

In this paper were obtained the governing equatieseribing the propagation of ultrasonic waves imedium with
dislocations. It was shown that the propagationulbfasonic waves is characterized by two disperdioanches
("acoustic" and "optical"). With increasing wavenmier the phase velocity of the wave, belonginght "tacoustic"
branch, from the final value asymptotically decesato zero, while the velocity of the wave, belowggio the "optical"
branch, from the infinity asymptotically decreadesthe final value corresponding to the speed a@ippgation of
longitudinal waves.

With the help of the Lighthill criterion, the modtion instability was investigated. The wave paskéhe quasi-
harmonic wave was split on due to of modulatiortabgity, was defined. It was shown, that there nexjyst as a
periodic, stationary waves of envelopes and statipsolitary wave of the envelope. The dependeraighe height
and width of a wave packet, formed because ofreelfiulation of quasi-harmonic waves with main chimastics of
dislocation structure were identified.

When exposed the laser radiation or particle fluxhe material (for example, by ion implantatiohieates point
defects (vacancies, interstitial). Propagatinghef intensive longitudinal acoustic wave contributethe change in the
areas of tension and compression of activation ggnef formation of point defects, leading to theipatial
redistribution. Defects migrating in the materia€ombine on different kinds of centers. The rol¢haelse centers can
play dislocations, interstitials, impurities anthexts.

It was shown that the problem of the propagatioma@justic waves in the material with the point defeshould be
considered as a self-consistent, which includesngaliwith the dynamic equations of elasticity theahe kinetic
equation for the density of defects. This system loa reduced to a nonlinear evolution equation. &tect analytical
solutions to the evolution equation were found andlyzed.
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ANALYSIS OF TEMPERATURE REGIMES FOR HIGH-TEMPERATUR E CURING OF AN INFLATABLE
ANTENNA IN THE EARTH ORBIT

Evlampieva S.E, Maltcev M.S?, Svistkov A.L%2
1 - Institute of Continuous Media Mechanics UB R&R8rm, Russia
2 - Perm State National Research University, P&ussia
evi@icmm.ru

Today a new trend in unpiloted cosmonautics is meging rapidly. This innovation suggests launchifighano-
satellites, being auxiliary payloads, from RussiAmerican or European carrier rockets or spacdosiat Many
different research centers, private companies amadieanic institutes have taken interest in the agrebnt and
manufacture of such nano-satellites. For commuioicatith the Earth, ordinary satellites are equippéth different
space antennas and divided into groups accordingetanethod of their deployment and design condemige-size
metallic antennas cannot be installed within thevabmentioned nano-satellites and therefore thesldpment of
suitable inflatable antennas remains an urgent.need

In this work we present a cylindrical shaped irdtdé antenna made of a fiber-epoxy prepreg andiigate conditions
for its hot curing, which starts even in the eaditbit immediately after the antenna is made openati The
transformation of the prepreg into a solid strugtumaterial considerably increases the strengthsandce life of the
antenna. This antenna is not susceptible to thesdlaf small-sized powder particles moving at cosw@tocities. It
requires no permanent gas injection into the iafilt elements of the antenna and, consequentlgdditional tanks
with gas or vessels with chemicals for its produtti

Temperature differences of the antenna, when dinithe sunny and shadow sides of the Earth, wepomd. This
suggests the possibility of high-temperature cudogng the flight of the satellite in the Earttbir(the period of one
revolution of a nano-satellite was about 1.5 hours)

It is shown that the use of a fiber-epoxy mategkne (without an aluminum foil) does not allow otme reach
temperatures necessary to cure the inflatable aatgboating of the entire surface of the cylindriel@ments of the
antenna with a thin aluminum foil makes possildehi¢ating to very high temperatures, which provitascuring of
the prepreg in the absence of special heating.

It takes approximately 15 minutes to reach themsiaty temperature state.

The study was supported by the Russian FoundatioBdsic Research (projecié 16-48-590844 a andNe 15-01-
07946a).

A STUDY OF THE RELATIONSHIPS AND MATHEMATICAL MODEL LING OF DEFINING FUNCTIONAL
PHYSICAL AND MECHANICAL PROPERTIES OF ADVANCED MATE RIALS AND NANOMATERIALS

Fedorovsky G.D.
St. Petersburg State University, Russia

g.fedorovsky@spbu.ru

An important area of experimental and theoreticaby of the functional properties of metal, polyrmaard other
homogeneous, composite, isotropic and anisotrdypilk, and layered materials and nanomaterials irecthé issues of
establishing the relationships of these propertiéis each other and identification of the depen@ewicthese properties
on the parameters, structure of the material andufaaturing technologies (inflfluence) [1-5]. Suciharacteristics as
coefficient of thermal linear and volume expansibeat capacity, thermal conductivity, density, cbemre (modulus
of elasticity), yield stress and strength, elealridesistance, magnetic permeability, the opticatiek of
refraction,coefficients of the reduction of time mperature-time compliance, the friction coeéfits, the values of
the fracture toughness (crack resistance), ana bttear and nonlinear properties of materials.

In the present work it is shown that in many casdsshionships of these characteristics can befwemed into an
approximately s-shaped form (functions) of theiamfpes on temperature or constructed generalizatsynized)
time, the branches (segments) of which correspormtifferent structural (physical, phase) statemaferials. The most
simple spline method of mathematical descriptiorthef entire s-shaped functions based on the afiplicaf simple
mathematical models for each branch is shown.pldssibilities of determining the relationships afious functional
properties are shown by applying generalized timeghe parameters of structure, manufacturingrtelciyies and
inflfluence, the ways of calculating some propert@n the other, which is important to determine anedict the
characteristics of nanomaterials, the experimeiafinition of which can be a difficult task. Exarepl of
interconnections are given.

The work is executed at partial support of the grahthe Government of the Russian Federation Be@20, the
Agreement 14.V.25.31.0017.
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WAVES WITH THE NEGATIVE GROUP VELOCITY IN CYLINDRIC AL SHELL OF KIRCHOFF — LOVE
TYPE

Filippenko G\
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2 - Saint Petersburg State University, Russia
g.filippenko@spbu.ru

Cylindrical shells of different types are the oftesed models in modern engineering. It is the ef¢roedifferent line
tubes, supports, oil rigs and so on. The problefmmeventing from damaging of such the construajaeducing the
vibrations of them are the actual problems of modechnique. The exact calculation of such objécis one side
needs great computational resources and from ansithe often mask some important effects. For eXartie effects
of propagating of the waves with negative groupeity better to analyse on the simplest mecnanigadels which
have the exact analytical solution. In report sthehanalyses is fulfilled on example of infinitértieylindrical shell of
Kirchoff — Love type.

The problem of free oscillations of such the slieltonsidered. The statement of the problem isidersd in the
rigorous statement. The dispersion equation isdamthe base of exact analytical solution. Thepgating waves are
analyzed. The exploration of waves with negativeugrvelocity in the neighborhood of bifurcation podf dispersion
curves is fulfilled. The analysis of arising effeés fulfilled in terms of kinematic and dynamicriadbles, and in the
terms of energy flux. The relative advantages aeddyantages of these approaches are discussedofrparison of
contributions in the integral energy flux of varfomechanisms of energy transmission in the shéllfiled.

The dependence of subzero energy flux, dynamickameimatic variables on the relative thickness & #hell, the
mode number and other parameters of system isstisdu The possible fields of applicability of theérged effects are
established.

EQUILIBRIUM TWO-PHASE MICROSTRUCTURES AND OPTIMALC OMPOSITE MICROSTRUCTURES

Freidin A.B*}?3 Sharipova L.L%, Antimonov M.A?, Cherkaev A.
1 - Institute for Problems in Mechanical Enginegraf Russian Academy of Sciences, St. PetersbwssiR
2 - Peter the Great St. Petersburg Polytechnic édgity, Russia
3 - St. Petersburg State University, Russia
4 - University of Utah, Salt Lake City, UT, USA
alexander.freidin@gmail.com

We relate two problems which arise from differerarithes of mechanics of materials: constructiohnafing phase
transformation surfaces in strain space and stwast diagrams for stress-induced phase transiteomd optimal
design of two-phase 3D-composites in the senseiwimizing its energy. Following [1], we demonstratet, given
new phase volume fraction and depending on avestagim, the strain energy of a two-phase lineastelaomposite is
minimized by microstructures which are either dir@cinclined simple laminates, direct or skew setoank laminates
or third-rank laminates. Then we apply these residt construction of direct and reverse transfdioms limiting

surfaces in strain space for elastic solids undeggphase transformations by additional minimizatith respect to
the new phase volume fraction and finding straina/fsich minimizing volume fraction equals zero aritu\We note
that direct rank-2 and 3 laminates are energy edgid to microstructures with elliptical cylindeasid ellipsoids,
respectively, and skew rank-2 laminates do notesmpwnd to any of nuclei which would be known as Esbelby
inclusions.

Then we construct stress-strain diagrams on varistnaining paths at which a material undergoes eghas
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transformations. We demonstrate that an additidegree of freedom — new phase volume fraction — onagially
result in instability of two-phase microstructueasen if the microstructures are energy minimizerscbmposites with
given volume fractions of phases. This in turn negd to incompleteness of ‘monotonic’ phase tramsédions and
broken stress-strain diagrams. Finally we disctesilgy problems which arise from the consideratiof two phase
states with smooth interfaces and note that suehfates may not be stable since, given boundarglitons, they do
not deliver energy minimum to any two-phase states.
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DETERMINATION OF THE SHEAR VISCOSITY OF THE SCLERA BY USING DIFFERENT
RHEOLOGICAL MODELS
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The human eye is a complex structure with diffet@nmechanical properties of its tissues. The eyalmmsists of
three concentric layers: a fibrous tunic, includthg sclera behind and the cornea in front; a \asgigmented tunic
called choroid and a nervous tunic called retirfeer€ are many works devoted to the determinaticglastic modules
of all this layers and far less papers representiagosity coefficients. However, sclera and coraea viscoelastic
systems. This work investigates a method for ddtetion of the shear viscosity of sclera based @oraparison of
results of the mathematical modeling and the erpanmtal data on intraocular pressure (IOP) diseretesurements for
several minutes after the intravitreal injectioxpErimental curves based on measurements of |0Befaral minutes
after the intravitreal injection have the 10P juinpmediately after the injection and then go dowiorBechanical
properties of sclera play a leading role in proldeshdetermining eyeball shape or volume undeil@# therefore we
can consider only sclera in the modelling of eybawor after the intravitreal injection. We offes explain IOP
reducing by two facts: sclera viscosity existingl amtraocular fluid outflow existing. Wherein wepgose that function
of intraocular fluid outflow velocity is known. Elall behavior follows the laws of mechanics. Toveathe problem
we consider viscoelastic spherical layer underctmgrally symmetric load: external pressure is ahsiisplacement of
the inner boundary are specified and take into @aicthe intravitreal injection volume, the intrataufluid inflow and
outflow. Material of the human sclera is lineamsaersally isotropic. We consider problem in thenfework of 3D-
dimensional linear viscoelastic theory. We use Keloigt and Maxwell rheological models to takeanaccount
viscoelastic behavior of the sclera. We comparedahtained values of the shear viscosity. We atsopared the
experimental plot of the IOP reduce during the timh¢he experiment with plots based on mathematiwadeling and
corresponding to different shear viscosity coedfits. On this basis, we can conclude which of clamsig rheological
models corresponds to the best coincidence betegaerimental and theoretical functions of the 10P.

A POSTERIORI ERROR ESTIMATES FOR APPROXIMATE SOLUTI ONS AND ADAPTIVE ALGORITHMS
FOR PLANE PROBLEMS OF ELASTICITY THEORY

Churilova M.A%, Frolov M.E!, Repin S.R?!
1 - Peter the Great St. Petersburg Polytechnic édsity, Russia
2 - St. Petersburg Department of V.A. Steklov bus#i of Mathematics of the Russian Academy of SmenRussia
frolov_me@spbstu.ru

This work is devoted to functional approach [1@]tposteriori error control in classical [2] ands8erat elasticity [4-
5]. The approach yields reliable majorants thatvailel for all conforming solutions of problems ezdless of methods
used for numerical implementations of a solutiomcess. Estimates include additional free fields ameksh-

independent constants. It is shown that a reaseraii natural choice of conforming finite elemeppraximation in

the Hilbert space H(div) for the additional variablprovides efficient implementations of the ewontrol. Efficiency

of the above technique is shown on a set of numlegixamples including consequent mesh adaptatidthsstandard

MATLAB tools as in [6]. We are mainly focused orethbility of the functional type a posteriori estit@s to provide
upper bounds for general approximations (Galerkith mon-Galerkin) and a quality of indication of dbdlistributions

of computational errors.
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MODAL DESCRIPTION OF CAPILLARY JETS AND REDUCED MOD ELS
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Capillary jets have both practical and theoretiogéérest: practical because of their many techriobdgapplications
(inkjet printing; food, textile, chemical and phaoeutical industries, etc.); theoretical becausg ttonstitute a highly
nonlinear system whose description is challengimgnany ways. Paradoxically, linear theories usuptidict very
well some aspects of their behaviour, like theiediup lengths, as in most part of the evolutiorpefturbations
traveling from the exit, these perturbations kemyalsin amplitude.

The simplest basic configuration is a capillaryrjet affected neither by gravity forces nor by slerounding air, and
issuing from a circular exit with plug velocity gile. Under these idealized conditions, the unpbed jet is a liquid
cylinder having uniform axial velocity in every eaam station. Two linear descriptions are classigathe temporal
approach, introduced by Rayleigh, in which we dee jet as an infinite column spatially perturbedhwa definite
wavelength, and (ii) the spatial approach, due étle and co-workers, for which the jet is harmaifiic perturbed at
the exit and convectively develops a spatial pattEor each of both approaches our group has ctéedptbe modal
analysis of the axisymmetric jet. On one hand, tdraporal modes are the two so-called capillary esodnd the
infinite family of hydrodynamic modes. The capijfadominant mode (unstable for low wavenumbers) #nel
subdominant one (always stable) have surface defiwmand net flow rate. Conversely, the hydrodyicamodes are
recirculating and have negligible shape deformati©®n the other hand, the spatial analysis reveastaof modes
richer scenario, primarily classified in modes riyi downstream and upstream from any jet stationodgnthe
downstream modes generated at the jet exit, sontesnfthe two capillary modes and the hydrodynanodes) are
the spatial counterparts of the temporal modesptimers (the inertial modes) are genuinely spatial.

For the temporal scheme, the two relevant conditane the initial deformation and mean axial véjp@nd the two
capillary modes are enough to account for the sjuEs# linear evolution of the jet. Similarly, fire spatial scheme
the two relevant conditions are the deformation amehn axial velocity at the jet exit. In this waye can deal with
reduced models. In each case, we have explicitdtarenrelating the amplitude of the capillary modéth initial/exit
conditions. The spatial model, valid for any Welmimber in the convective instability regime, agreeth the
temporal model in the limit of high Weber numbexsimerical simulations with Gerris have validated fmdings of
the reduced spatial linear model.

GAUSSIAN PRESSURE PULSES ON CAPILLARY JETS

Gbémez-Aguilar F.3, Gonzélez H, Garcia F.J, Castrejon-Pita J.R.Castrejon-Pita A.A.
1 - Dept. de Fisica Aplicada I, Universidad de B&vEpain
2 - Dept. de Fisica Aplicada lll, Universidad devia, Spain
3 - School of Engineering and Materials SciencesgpuMary, University of London, UK
4 - Dept. of Physics, University of Oxford, UK
gargar@us.es

We have experimentally explored the formation afpdrin a millimetric capillary jet by means of Gaias pressure
pulses.The associated deformation yields an intgiate breakup of the jet, leaving two intact particof it at both
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sides of a group of droplets.

Our findings demonstrate that the production ofaiteal drops by this method is possible. The foromatif secondary
droplets can be delayed far downstream by propectsen of the pulse.

In parallel, we have developed a simple theory tlaat predict the linear evolution of the deformatand the position
of the intermediate drop formation.

STUDIES OF MECHANICAL PROPERTIES OF RUBBERS WITH A LAYERED CLAY NANOFILLER

Garishin O.K?, Shadrin V.\A2, Svistkov A.L1? Sokolov A.K?
1 - Institute of Continuous Media Mechanics UB RAR®&rm, Russia
2 - Perm State University, Russia
gar@icmm.ru

It is known that one of the main and most commdiar§i of rubbers based on natural and synthetictchoucs are
carbon black (black soot) and oxides of zinc (wisib®t). Putting into an elastomer such substanaessignificantly
improve its mechanical properties (especially gitermand deformability). To date, these effectsveeé understood and
can be said that this method of modifying the proge of the rubber reached the ceiling. Furthemgpess requires a
search for new nonconventional types of fillerse@ perspective directions is the use of varidag minerals [1].

The paper presents the results of experimentalestud elastomeric nanocomposites containing a (fiewelastomers)
type of filler — montmorillonite (MMT). This mateal, in particular processing, is capable to be eatispd
nanoparticles of ultrafine flakes with a minimunickmess of up to 1 nm, that may form individual kaof parallel
plates - tactoids.

Two types of nanofiller were used in the experimd)ptMMT: montmorillonite treated as surfactants dhjoride of
distearildimetilammony. Average particle size wa®wt 68 nm, the average distance between the layeectoids
dwvt = 2.9 nm. 2) EMMT: mixing MMT with docosanoic adid a ratio of 1 to 1 by weight was made to incestiee
degree of intercalation of filler particlesdewvt = 4.3 nm. Vulcanizates of natural rubber (NR) wesed as a matrix.
Experimental studies conducted by a special tecienitpased on cyclic deformation of the sample \aithtepwise
variable amplitude of the deformations. Tests &f Rind are used in when it is necessary to recivane experiment
comprehensive data about the viscoelastic andelalsistic material properties [2]. In addition| sémples were tested
in uniaxial tension until rupture.

It was found that the addition of clay nanofilletbber contributes to significant dissipative lossesease, indicating
that the development of viscoelastic processeh@ncobmposite during its deformation. Also, the treéasoftening of
material (compared with pure vulcanizate) occuatlhrge cyclic strains (more than 3-4 times). Almese effects were
stronger than for fillers with a larger basal spgci

By computer simulation shows that an increase @ histeresis curves of cyclic loading can be erplhiby the
distortion of shape due tactoids nanoplates slagive to each other. This does not require muargnand contributes
to a more easy rearrangement of the compositetgsteuander external loading.

This work is executed at a financial support of RFBrant 16-08-00756.
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LEVERAGING INTERNAL VISCOUS FLOW TO EXTEND THE CAPA BILITIES OF SOFT-ROBOTS

GatA.D., Matia V., Tsah E.
Technion - Israel Institute of Technology, Israel
amirgat@technion.ac.il

Elastic deformation of beam-shaped structures duenibedded fluidic networks is mainly studied ie ttontext of
soft-actuators and soft-robotic applications. Cutlge the effects of viscosity are not examinedsirch configurations.
In this work we introduce an internal viscous fland present the extended range of actuation mousiesl by
viscosity. We analyze the interaction between ilatflection of a slender beam and viscous flow iong serpentine
channel, embedded within the beam. The embeddedrieis positioned asymmetrically with regard te theutral
plane, and thus pressure within the channel crealesal moment deforming the beam. Under assumptid creeping
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flow and small deflections, we obtain a fourth-ardetegro-differential equation governing the timependent
deflection field. This relation enables the desigih complex time-varying deformation patterns of feawith
embedded fluidic networks. Leveraging viscositywal to extend the capabilities of beam-shaped tjasuch as
creation of inertia-like standing and moving wava@utons in configurations with negligible inert@nd limiting
deformation to a small section of the actuator. fidsailts are illustrated experimentally.

NUMERICAL STUDY FOR THE HYPERSONIC SHOCK-BOUNDARY-L AYER INTERACTION FLOW
WITH ABLATION

Ge M., Zeng M., Zhao X., Liu W,, Yang X.
Department of Aerospace Science and Engineeringoma University of Defense Technology, Changshenéh,
China
owen2024@sina.cn

Through solving the Navier-Stokes equations of rtimrhemical nonequilibrium flow coupled with the atirig
boundary condition, the ablative boundary flow wstiock-boundary-layer interaction, which is typigahypersonic
reentry flow, is numerically simulated, and theeeff of the wall conditions on the flow propertie investigated. 16
chemical species and 29 chemical reactions aretedi@p the simulation. The oxidation and sublimataf C, as well
as the recombination of O catalyzed by C are censitiat the wall surface.

In the simulation of hypersonic flow over plate lwiincident shock wave,both ablating and non-abjasnrface
condition are used to investigate the effects dditadn on the flow separation properties. The rasssthow that: (1) the
possibility of flow separation and the separatiange become larger as the strength of the inceletk wave and the
freestream velocity are increased. (2) As compaiigiithe cases with low-temperature wall, the fls@paration zones
are lager with ablating wall or with high-temperatwall in radiation equilibrium, and this leadsftother effects on
the flow properties of the downstream.

The hypersonic flow over 15°, 18°, 24° compressiomers are calculated with Mach number varied fidnto 30 and
total enthalpy from 6 to 55 MJ/kg. Both ablatingdlamn-ablating surface condition are used to ingast the effects
of ablation. The flow structure, the charactersiid shock—boundary-layer interaction, the sepanagiroperties, and
the distribution of the thermochemical properties @analyzed.

The research is funded by the National Natural SmeFoundation of China (11572348).

HEAT CONDUCTIVITY IN ONE DIMENSION - MICROSTRUCTURE VERSUS HYDRODYNAMICS

Gendelman 0.V, Savin A.\?
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The talk will review the state-of-the art in a plein of heat transport in classical one-dimensidatices. This is a
classical problem in nonlinear dynamics, whichtsthfrom seminal paper of Fermi, Pasta and UlarterAhis work it
became clear, that mere anharmonicity of the iatigle interaction in a model of atomic chain isufficient for
proper thermalization. Later, with the help of nuimesimulations, it was revealed that heat conductioefficient in
the one-dimensional models with conserved momemtiverges in thermodynamic limit according to powsar with
model-dependent exponent. These numeric resulésvest sound theoretical support through a variétgpproaches,
such as renormalization group theory, kinetic eiquat as well as mode-coupling theory in hydrodyizam

In the same time, it has been known for long thasdme 1D chains, for instance, in the chain cdtoos the heat
conduction coefficient converges in the thermodyigcalimit despite the momentum conservation. Thisraaly is
attributed to the difference in a number of conaton laws; for the chain of rotators, only totah@ular) momentum
and energy are conserved. In FPU, and similar shairaddition, a total length of the system issmrmed. Broader set
of the conservation laws is believed to lead téed#nt transport properties.

There exist numeric data for certain models thatlehge this conclusion. Foe a group of modelduifing Lennard-
Jones chain, some other chains with possibilitdis§ociation, as well as in the chain of collidipgrticles with finite
stiffness, the heat conduction coefficient satwatesome finite scale. In these models the numbeonservation laws
is the same as in the FPU chain. However, the readith the observed saturation of the heat condoatbefficient
have one common feature, absent in other modethebe special models, the behavior in the saturaégime can be
interpreted in terms of simple kinetic theory. ther terms, one can identify the heat carriersstiatering events, and
predict, for instance, observed dependence of ¢éa¢ ¢onduction coefficient on temperature and dgngih the help
of almost naive basic kinetic arguments.

The talk will address this apparent contradictiod aossible ways for its resolution. In additiabwill describe and
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discuss the findings in a problem of nonstatiortest conductivity.

SHOCK FOCUSING AND PRESSURE JUMPS EFFECTS FOR THE NTERACTION OF BLUNT BODIES
WITH GAS BUBBLES IN A SUPERSONIC FLOW

Georgievskiy P.Yu., Levin V.A., Sutyrin O.G.
Lomonosov Moscow State University, Institute of Manics, Russia
georgi@imec.msu.ru

The numerical investigation of axially symmetrideiraction of blunt bodies with low density and hidénsity gas
bubbles in a supersonic flow is carried out. THeat$ of appearing of anomalous pressure and gejsitps in a
critical point of a body essentially exceeding esucalculated for Riemann problem are studied. dse cof the
interaction with low density gas bubbles the effeels observed but was not enough clearly explaimgd]. Similar
results were noticed both experimentally and thizaky for the interaction of a body with high tperature plasma
formations induced by pulsed laser energy depasiticupersonic upstream flow [2-3].

Now it is shown that the main reason for appeadhgnomalous pressure and density jumps in a afipoint of a
body was the preceding fast process of focusingaotversal shock wave in small zone on the symnaetes ahead of
a body. The mechanism of fast focusing processes general agreement with well investigated shémtusing
scenarios [4] for the interaction of plane shocthiadw density and high density gas bubbles.

For low density gas bubbles according to the “djeat” scenario of the interaction the “weak focgsiregime was
realized. The secondary weak convergent-type shaoke propagating inside a shock layer was focuseagathe
symmetry axes. For high density gas bubbles thertgtfocusing” regime was realized. According torfeergent”
scenario of the interaction the bow shock wave diffisacted around the bubble. Then the strong cagikg diffracted
bow shock wave and the transmitted shock wave welfepsed in a very small zone at the rear poldefbubble on
the symmetry axes. For both cases the collapsiagegs was accompanied by formation of thin supéagystream
and downstream cumulative jets. The interactiord@iinstream jet with a body surface was resultedriomalous
pressure and density jumps.

Parametric investigations for different gas bublotesllipsoidal shape were carried out. To realimecumulation effect
the density ratio should be more than some critiadlie, the gas bubble shape should be closedhierispl and the
longitudinal size — about a bow shock wave distafitere were no focusing or cumulation effectstfar interaction
with a flat layer or ellipsoidal gas bubbles of tacge cross size.

The investigations were carried out in the Insatatf Mechanics of Lomonosov Moscow State Univessity were
financially supported by the Russian FoundationBasic Research (projects 16-29-01092-a) and th&sin Science
Foundation (project 14-11-00773).
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ON INTERACTION OF UNLOADING WAVE WITH A MOVING ELAS TOPLASTIC BOUNDARY IN
CYLINDRICAL TUBE

Gerasimenko E.A., Kovtanyuk L.V.
Institute of Automation and Control Processes fastBrn Branch of the Russian Academy of Sciences
(IACP FEB RAS), Russia
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The present work deals with propagating of convergiylindrical unloading wave in a rigid tube oflias R filled
with elastoviscoplastic material. The model of &arglastoplastic deformations with account of visconedium
properties in the process of plastic yielding isduto describe elastoviscoplastic medium [1,2].évlat is initially free
of strains and begins to be deformed quasistagicadtier increasing pressure difference, with reblrsstrains being
small. The material remains in the tube due tofdcyion on its wall with the formation of near-waliscoplastic flow
and elastic core. Unloading wave is initiated upwgarcoming friction when material starts to sliprad the inner tube
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wall.

The possibility of writing equation of motion fdnd unloading wave in terms of the displacements pe@sted out in
[3]. Exact solutions of boundary-value problemsttod theory of large deformations on collision ofaaging wave
with a moving elastoplastic boundary in a flat hebayer located on inclined plane and subjecteldading at the free
surface were obtained in [4,5].

As long as wave equation arisen cannot be solvadtlgxfor the present case of cylindrical symmetvg, find stresses,
velocities, and displacements by means of the rathod of constructing approximate solutions fororsty
discontinuities surfaces. Besides, aspects ofantem of the unloading wave with the moving elatstic boundary
followed by wave pattern change were considered.

The work was partly financed by fundamental redegnogram of Far Eastern Branch of the Russian /Acag of
Sciences «Far East» (projects 0262-2015-0064, (2B5-0065).
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VARIANTS OF LAGRANGE MULTIPLIER METHOD IMPLEMENTATI  ONS FOR TWO-DIMENSIONAL
CONTACT PROBLEMS

Galanin M.P., Gliznutsina P.V., Lukin V.V., Rodin&
Keldysh institute of applied mathematics RAS, Raissi
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Two-dimensional elastic contact problem with isptooand transversely orthotropic materials is coesd. Finite
element method with triangular second order elementised. The Lagrange multiplier method for contanditions
implementation with middle line as contact surfacased. A plane problem of contact interactiothef metal rail and
composite orthotropic shell in cross-cut sectiorthwjgasket of the electromagnetic accelerator bgralgun) is
considered (three bodies contact). Parallel soévgckage for sparse linear systems of equatidasmgownith MPI
technology is designed.
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DETERMINATION OF THE PORE SIZE DISTRIBUTION IN INHO MOGENEOUS NANOPOROUS
MEDIUM FOR REPRODUCING THE LIQUID FRONT PROPAGATION

Golovina D.S., Chivilikhin S.A.
ITMO University, Russia
dheaddd@gmail.com

In the last decade the possible applications obparous materials have been the subject of gréamtsfic interest.
One of the problems in this field is the determmmabf the optimal configuration of the nanoporoosdium.
Many problems in filtering and biomedicine requine front of the liquid, which permeates the methahave concrete
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shape and position in the given time. We proposentkthod of finding the nanoporous medium for #eization of
the specific liquid front propagation.

The technique consists of two steps: numerical indeof the liquid front propagation in inhomogeme nanoporous
media and minimizing the difference between modetiesults and sought-for one. To numerically madel liquid
front propagation we use the combination of thetiooity equation for the incompressible flow aneé @gpproximation
of Darcy's law [1]. It should be noted that the mlogtlas made for inhomogeneous nanoporous medianwitfconstant
porosity and pore size distribution so that anydeediquid front shape could be reproduced [2].

Then, assuming that the porosity of the mediuneisthe pore size distribution can be presenteal gaynomial with
unknown coefficients. By using the variation of tNelder-Mead method [3] we minimize the standargiaten
between modelled liquid front profile and given ptieis obtaining the needed result.

The program, which simulates the two-dimensiongiii front propagation in inhomogeneous nanoporoasium,
has been written in C++. The specific liquid frpnbpagation has been reproduced for different wabet profiles.
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A CRACK PROPAGATION AT A CONSTANT SPEED IN A DISCRE TE BI-MATERIAL

Gorbushin N., Mishuris G.
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The treatment of cracks at microlevel is a progvestopic in dynamic fracture mechanics nowadayss Bcope is
aimed in the better understanding of fracture psses that happen right at the crack tip in solidenas. The
mathematical study of such problems is able to nekme predictions and draw some explanations fgsipal
phenomena.

In this particular work we are concerned with aljbeon of an interfacial crack propagation in a keitti-material. The
fracture process is supposed to be brittle andrtbdel itself may be applied for the consideratidrfadlure of bi-
material ceramics.

We present the solution of the problem, derivertiation between the loading parameters and craekds. We show
the peculiarities that are detected due to theatdeel and additionally due to the material parargemismatch.

This work was supported by FP7 Marie Curie ITN s8fam of knowledge programme under project PITN-@A32
606878-CERMAT2.

ELECTRICALACTIVITY IN THE ATMOSPHERE OF THE EARTH  AND OTHER PLANETS OF THE
SOLAR SYSTEM

Gordillo-Vazquez F.J.
Instituto de Astrofisica de Andalucia (IAA - CSIGpain
vazquez@iaa.es

In this contribution, we will present an overviewtbe atmospheric electricity phenomena in the apheres of the
Earth and other planets of the Solar System. IriEtr¢h, lightning activity in the troposphere dswvihe occurrence of a
zoo of enormous transient electrical events inujyger atmospheric layers (stratosphere and meseypdfeour planet
that can potentially change the electrical and ébainproperties of the atmosphere of the Earth. édmtmospheric
electrical discharges could also be taking placeotimer planets of the Solar System where lightrégvity is
confirmed (giant gaseous planets) or suspectedu@feAfter a brief motivation and historical intraation, the talk will
be mostly devoted to the kinetic and spectroscapjmects of the research done towards the undeirsgaatithe so
called Transient Luminous Events (TLES), which adiversity of weakly ionized low temperature plasnocurring in
the upper atmosphere of the Earth between the #malodid tops (15 km) and the lower ionosphere (8§ knd
recorded for the first time 25 years ago (in theser of 1989). Our research tries to answer questaich as, what
are the chemical and electrical impacts of TLEsthia Earth atmosphere?. What are the physical (kirestd
electrodynamic) mechanisms underlying the ignitdéMLEs?. What are the key spectroscopic featufdd & optical
emissions, how can they be detected and what cdaase by analysing TLE optical sighatures and sp@c What are
the expected optical fingerprints of lightning-dnv upper atmospheric discharges in other planatshaw do they
look like?. Finally, we will conclude by commentitige future missions where we participate to ingest¢ all sort of
TLEs, lighting and associated terrestial gammafiaghes (TGF) from the space.
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CONTACT INTERACTION MODELS TAKING INTO ACCOUNT ELAS TIC AND SURFACE PROPERTIES
OF CONTACTING BODIES

Goryacheva |., Makhovskaya Y.
Ishlinsky Institute for Problems in Mechanics of 8 AMoscow, Russia
goryache@ipmnet.ru

The internal stresses within contacting bodies el @ normal and shear contact stresses essgrd@gdend on the
mechanical and surface properties of the bodies. SuUrface properties include both a surface miawgtry and
surface energy. In contact interaction of dry stefaadhesive stresses between the interacting sbadige due to
molecular interaction. In case of existence ofia fitm of fluid in the gap between the surfacds tapillary adhesive
forces arise due to a meniscus of fluid formed learcontact regions. Surface microgeometry alagsph significant
role in contact interaction of deformable bodieseDo surface roughness the contact is discreteftenreal contact
area is much smaller than the nominal one caladifaten the classical contact mechanics.

Models are developed to study the normal discreteact of elastic bodies taking into account theicrogeometry
parameters, and the molecular or capillary adhdsidhe gap between them [1]. These models aredb@sea solution
of the mixed boundary problem for the elastic Isl&ce taking into account an additional loadingsidetthe contact
region due to adhesive pressure represented bgcawise-constant multistep function. This allows ¢oo consider
arbitrary forms of the adhesion interaction potntincluding the case of capillary adhesion), &l as of taking into
account the presence of another additional loaganticular, the effect of neighboring asperitiesamlhesion of both
rough bodies and bodies with a regular surfacefreli

An analytical solution is obtained and is usedralgze the influence of a form of the adhesion adton potential,
surface energy of interacting bodies or films covgthem, their shapes (parabolic, higher power e&ptial function),
volume of liquid in the meniscus, density of comtapots, elastic modulus and Poisson ratio on cheniatics of
interaction of the bodies in the presence of adimefi-3]. The contact problem for two nominallytfieurfaces with
regular microgeometry is also solved. The deperelericthe approach of the surfaces on the nominedsure for
various microgeometry and adhesion parametersabudfor different mechanical properties of coritegtbodies is
analysed. This dependence is also used to studyotitact characteristics of the bodies with giveacrashape taking
into account the surface microgeometry parameters.

The work was partly carried out under the finan@apport of Russian Foundation for Basic Reseagrhrt No. 17-
58-52030MHT _a).
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WAVE DISPERSION IN GRANULAR MEDIA: HETEROGENEOUS PA CKING?

Ruiz Botello P, Grekova E.F:? Sanchez Quintanilla M.A.Tournat \2
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2 - Institute of Problems in Mechanical EngineeriRgssian Academy of Sciences, Russia
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We present results of the experiments on wave gadm in powders: magnetite (diameter (80, 50 pm, 60 um)
beads, steel beads (diameter 86, 50 um, 110um), and cornflour (diameter 1m, particle density 1550 kgfn
asperities of the order of 100 nm). The sampleusip a rectangular parallepipedal cell. Wave pgates in the
horizontal direction. The medium is excited witlgaasi-static swept-sine signal from 3 to 20 kHze Hize of the
sample is 2 cm (in the direction of wave propaggtio 10 cm (approximate height of the sample) x18 dn all the
experiments we observe a strong wave dispersiomrlatively low frecuencies: the group velocity inetpowder
decreases with the frequency and becomes almostasdrat higher frequencies. This cannot be prediby a classical
elastic theory of a homogeneous medium. We diseassus possible reasons of this dispersion angjestghat its
most probable reason is heterogeneous packingegidivder caused by the gravity and the influencéhefwalls. We
introduce a simplistic model supposing that in Hogizontal direction linear density and effectiveurig modulus
change by the same law similar to a bell shapeajygoximate it by a cosinus function in the horiabro-ordinate
containing two parameters: the sound velocity ghHrequencies and the period of the cosinus. Vilesaitheoretical
dispersion curve to the experimental results andinla good accordance of the theory and experiment
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This work has been partially funded by Spanish @Gowent Agency Ministerio de Economia y Competitiglioroject
No. FIS2014-54539-P) and by Junta de Andaluci®utz also acknowledges financial support from tméversity of
Seville (Spain) through the FPI-2012 PhD grant.

INFLUENCE OF STRESS-DEPENDENT DIFFUSION AND CHEMICA L AFFINITY ON CHEMICAL
REACTION FRONT KINETICS UNDER MECHANICAL LOADS

Grigoreva P.M, Vilchevskaya E.N:?
1 - Institute for Problems in Mechanical Enginegraf Russian Academy of Sciences, St. PetersbwssiR
2 - Peter the Great Saint Petersburg Polytechniedusity, Russia
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The problem of the thermal silicon oxidation nowgglés one of the most important problems in chewistue to the
importance and large use of silicon integratedegirtechnology. Since the volume of a moleculeibbiéen dioxide is
larger that of a silicon atom, silicon oxidationsiscompanied by an increase in volume, this praglirdernal stresses
and strains. In addition, chemical reactions irodefble solids often go under external mechana=ads.

The influence of mechanical loads is taken into idamation through the dependence of chemical affioin
mechanical loads, or through the dependence afisiifi on mechanical loads. In the case of diffusgiresses are
taken into account through the dependence of dlffyscoefficient on stresses. This dependencesisally defined
empirically, and there is no certainty of which lacadunction of stress tensor should enter thisetielgnce. In this
work, we suggest the reasonable diffusion coefiiiachich depends on the deformations of the ssitigleton, which
leads to the model of the tensodiffusion. We compie model of stress-dependent chemical affinitgt atress-
dependent diffusivity coefficient for the variousumdary value problems to figure out, how stresgedridiffusion
affects the chemical reaction front propagatiomesiigate, which diffusion coefficient has a strenmfluence on the
process of chemical reaction front propagation, abthin a range of the stress values when we cagiectethe
dependence of diffusivity coefficient on stresses.

DEVELOPMENT OF KINETIC MODEL OF DYNAMIC INELASTIC B EHAVIOR OF BRITTLE SOLIDS

Grigoriev A.S., Shilko E.V., Psakhie S.G.
Institute of Strength Physics and Materials ScieBBeERAS, Russia
grigoriev@ispms.ru

It is known that the mechanical properties of larithaterials are sensitive to strain rate, namedyr tdynamic values
may significantly differ from the correspondingdst” values.

The traditional approach to development of dynapiasticity models is introducing the strain ratgpeledencies of
inelastic and strength properties of material. Hesvestrain rate (as opposed to physical mass Wglds a technical
parameter that characterizes the volume-averaded v sample (or fragment) size change. Local eslof strain rate
may differ significantly from the integral value.nAalternative way of describing the behavior of enals under
dynamic loading is the kinetic approach developethé works of Zhurkov, Regel, Petrov, Morozov aodon. Within
this approach the time of material degradation Tised as a primary parameter of dynamic modeldasitipity and
fracture. Parameter T is physical and usually atiarzzes the process of initiation and growth @& thain crack in the
sample (or in a fragment of the material) or thenfation of the system of microcracks providing naacopic inelastic
behavior of material.

The main idea of the kinetic model of dynamic iséilabehavior of brittle materials that developedtie present work
is the account of the finite time of the procesgalfxation of local stresses caused by the appearaf cracks of
various scales. Modern kinetic models of inelasstiand fracture of brittle materials use integralkcfure criteria based
on the calculation of increment loading impulsedome timer, called the time of fracture incubation.

In this work the simplified version of dynamic eniton (in term of stresses) is proposed:= ngn, where g»" is

dynamic value of material strength. Such a formaabf the criterion implies that when the scal@ess parameter
reaches the value of static strengt? at timeto, the process of fracture begins.

The duration of fracture process is determinedhieydynamics of change in the parameteluringt> to. At the time of
the formation of main crack (&tty) the value ofgis equal to the some valug¥"=> g (a:»" depends on the dynamics
of the stress state changing during the time pdtietd)). Assume that during the course of crack formmattee value of
strain rate does not significantly change. In tiase the rate of increase of the parameiduring the periodtg-to) also
does not change significantly. According to thiswasption the fracture time periodk-fo), local strain rate and
corresponding value of dynamic strength are uniglieked. The value of any parameter of the thi@&f, (tr-to), £ )
can be uniquely determined if we know the valuethefother two parameters.
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Experimental data suggests that not only strenigi,also the rheological properties of brittle mials are also
sensitive to the value of strain rate. This is tu¢he fact that inelastic behavior of brittle m&ks is associated with
the nucleation and development of the system ofodisnuities (damages and cracks). The formationswth
discontinuities also lasts for a finite time. Iretbaper we describe one of the ways of numericpleémentation of
kinetic theory of strength within the frameworkradn-associated plastic flow law.

The work was carried out in the framework of thexémental Research Program of the State Acaderfigsiences
for 2013-2020.

FREESTANDING HIGHLY CRYSTALLINE ALN LAYERS GROWN ON  EVAPORATING SIC SUBSTRATES
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The best substrates for group-llI-nitrides-basedads are Gallium Nitride (GaN) and Aluminum NitidAIN). AIN is
superior for the device structures with high Al o, e.g., deep-ultraviolet light-emitting diodgsv LEDs), which
are expected to be broadly applicable to medicajmtistics, environment protection, microfabricatieahnologies,
etc. AIN single crystals of large area are grownSe@ substrates by the sublimation technique calegsical vapor
transport (PVT) [1-2].

In this paper, we compare microstructures reveakidg transmission electron microscopy and synobmotadiation
imaging with the x-ray diffraction measurementse Tservations reported here were made using $gecigples, i.e.,
thick freestanding AIN layers grown in one procesth the evaporation of SiC substrates. Typical{y layer growth
on SiC shows some problems, such as the genemaftioracks at cooling due to great thermal stresseised by the
difference in the thermal expansion coefficientsAtifl and SiC. Cracking is prevented when the SiGstwate is
evaporated and the crystalline quality of AIN lagan be improved.

To explain the experimental observations we sugaédleoretical model which describes the misfiesdrrelaxation in
AIN layer growing on evaporating SiC substrate. Thaedel is based on the action of pyramidal slip mecsm for
generation of misfit dislocations [3] and takesoirgccount that dislocation density drastically dases from the
interface to the surface of the AIN layer [1-2].r@eneral idea is that glide dislocation half-loopgleate on the free
surface of a growing AIN layer being under biaxiaplane compression due to the lattice misfit witlpolar SiC
substrate. These dislocation half-loops glide ®AlN/SiC interface and expand along it. Reachimg interface and
propagating along it, they partly accommodate #igcke misfit. As a result of the half-loop nucleat surface steps
appear on the growth surface, which can becomerdhl® sites for further dislocation generation g tsame
mechanism on the adjacent pyramidal slip planeenTdome “secondary” dislocation half-loops are tmiby the
surface, in which case the corresponding surfazgsstlisappear. When these “secondary” dislocatidildops reach
the interface, novel-shaped dislocation configurations form, which dsinef two dislocation half-loops, “primary”
ones and “secondary” ones, connected together digcdition segments parallel to the surface. Itasthvnoting that
during the evaporation of the SiC substrate, t&ridution of misfit stresses drastically changed the upper regions
of thick AIN layers become stretched. In this cdbe,top segments of theshaped dislocation configurations, which
create compressive stresses in these regionsy partipensate the tensile stresses there. On tlee b#md, the\-
shaped dislocation configurations partly compengiaecompressive stresses in the AIN layer neaiAtNeinterface
and the tensile stresses in the evaporating SiGtrsub. Thus, the formation éf-shaped dislocation configurations
seem to be energetically favorable process atwbeg/estage of the AIN growth on evaporating SiCsirdies.
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STRESS RELAXATION AND FRACTURE IN HOLLOW DECAHEDRAL SMALL PARTICLES UNDER
CHEMICAL ETCHING
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The physical origin and the relaxation mechanismeesidual stresses in pentagonal small partidRSPE) of face-
centered cubic crystalline materials have beehénfécus of many studies in over the world. To dbsctheoretically
the residual stresses in these particles, a d&imbased concept [1-3] occurred to be the matstral and productive.
By using this concept, the stress-strain statesstmaih energies were calculated for decahedraqft] icosahedral [2]
particles, and for pentagonal whiskers [1] as wellvas shown, both experimentally and theoreticahat the residual
stresses can relax in PSPs through many differedem[3-12]. Some of these modes are obviouslyutdied by the
external influence. A good example in this senserasking and fracture of hollow decahedral andatedral small
particles (DSPs and ISPs) of electrolytic Cu atnaical etching [6]. Based on these experimental oladg®ns, we
advanceddisclination-based theoretical models describingwa-stage process of fracture in hollow DSPs under
chemical etching. The first stage of the processs®imed to be nucleation of cracks on the outéacgiof the DSP
along the planes of twin boundaries (TBs), at #aegs of maximal tensile stresses and dilatatiathénvicinity of the
disclination line [13] at the quintuple junction ©Bs. Our examination of this possibility showstthas quite realistic.
The second stage of the process could be associafithese cracks in a five-fold star-shaped cradghich would
include the disclination line. We showed that #denario can work if the length of the first-stagacks is larger than a
critical valueL, which means that the DSP radRisnust be larger than a critical radies For the case of electrolytic
copper, our upper estimates arex 0.3 um andR: = (0.5—0.6) um that well corresponds to experimental observation
in Ref. [6].

This work was supported by grant from the MinistfyEducation and Science of the Russian Federdfimtree No.
220) obtained by the Togliatti State University enthe contract No. 14.250.31.0039.
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HEAT FLUX FOR FINITE LINEAR CHAIN OF N-PARTICLES

Guzev M.A., Dmitriev A.A.
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This article is linked with investigation of hedX passing through a one dimension chain of Niglag. The content
of the work is motivated by investigations of auth¢l-4] who proposed to use a homogeneous harnavdm in

contact with stochastic Langevin heat baths. Thesiehallowed them to simulate stochastic heat veser at different
temperatures of the "left" and "right" parts of tbeystal. It was found that in the stationary sttite heat flux is
proportional to the temperature difference andtoothe gradient. This means in particular that keolg law is not
obeyed.
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In our work we decided to analyze the model [1#}twe foundation of the exact solution of the samtic equations. In
contrast with [1-4] the solution wasn’t construct®dpassing to the Liouville equation that correggoto the Fokker—
Planck equation. We obtained presentation for thee function of the stochastic problem. For thalywed model the
heat flux is proportional to expectation of the ot from displacement and momentum of the neighggrarticles. It
was shown that in an arbitrary state of the chh@n heat flux is calculated through the componefitthe Green
function.
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ELASTICITY, PLASTICITY AND STRUCTURAL OF POLYCRYSTA LLINE ALLOY 43300
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The purpose of this study is to determine the erflze of the parameters of treatments on the ewvalati the behavior
and the damage in tension, the Brinell hardnesspticrohardness, the resilience and the microstreaf the alloy of
chemical designation AISi10Mg and numerical 433060sidering three states of the material: crudeasfing noted: F,
hardened noted: T and matured followed by an eidifaging designated T46. The addition of 10%¢siii which gives
excellent casting ability and a percentage of msigine 1% Mg) to aluminum are the main agents for imprgviine
mechanical properties in addition to specific thalrrmeatments which reveal precipitates of différkimds which
hinder the movement of dislocations.

We studied the influence of structural hardening, &ddition and casting method: sand and shell rogtdhe elasticity
and plasticity characteristics of the polycrystaliAl-10% alloy. This alloy supports mean mechdniteesses. Parts
made from this alloy are part of the componentsraadizations of the SNVI (Unit Aluminum of Rouibahd Electro-
Industries (Unit Freha Motors in Tizi-Ouzou), Alger

THERMAL EXPANSION COEFFICIENT OF AL + 1.5%NTCM

Hamamda S8, Saadallah &, Khelil S, Revo &, Dorbani T, Boubertakh A.
1 - Laboratoire Thermodynamique et Traitement déasa des matériaux, Université des Fréres Mentouri
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2 - R&D Laboratory of Metal and Ceramics Physiaab Shevchenko National University of Kyiv, Kylidkraine
shamamda@yahoo.com

The Dilatometric curve of the nanomaterial Al + %.3NTCM show an anomaly extending over a wide teimoee
range 160-340°C. The values of the coefficienthafrinal expansion are high in comparison with thofselassical
aluminum alloys. They are even twice as large asdlof aluminum-based nanocomposites containingrfemulti-
walled carbon nanotubes prepared under the sandgitioms and studied in the same laboratory.

Also, we find this anomaly on the curve of diffetiah scanning calorimetry. It is intense and appear the same
temperature as before. The curve of variation eflémgth increases the ambient temperature to 3308@ stabilizes
and becomes linear up to 600°C.

The thermogravimetry of the nanocomposite tendsdease to 300 ° C and then becomes constantloweest of the
temperature range. In the Raman spectrum the fi2aksl G appear clearl[yhe anomaly D is intense before that of G.
Infrared reveals the presence of different bands dverlap with those of pure aluminum producedeurttie same
conditions.They tend to become less spread out to take tine dbpeaks.
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A PLASTICITY COSSERAT MODEL FOR GRANULAR MATERIALS AND SOILS

Harris D.
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It is well known that it has proven to be a difficproblem to develop equations of continuum medasanrvhich
successfully model the deformation and flow of gtan materials and soils. This is often ascribedh® obviously
discrete nature of such materials and has led dodtvelopment of such models as the Discrete Eleiviethod.
However, for a large bulk of such material contagnvery large numbers of grains discrete methoillside to limited
computing power. It also seems reasonable to sepbas a continuum averaged model should be aljeotade some
information concerning bulk deformation and flowadeed, plasticity models are widely used to mostals in
geotechnical engineering. However, there are linotghe applicability of standard plasticity moddés granular
materials, e.g. they are restricted to steady-gaiblems and elasto-plastic deformations. Thistéethe development
of another type of plasticity model called the deuthearing model and which has solutions closexxferimentally
observed flows. Unfortunately both types of moftal different reasons, are mathematically ill-posédch effectively
prevents numerical approximations to solutions flo@ing calculated in time-dependent problems. Boddels do
appear to successfully describe some aspects ofilgramaterial behaviour and it seems a desiraltet@ retain the
equations which describe those aspects and to ethbadinto a new model which may be used in a wideiety of
contexts. It also appears that a classical contmisuindeed sufficient to describe granular malenéth the exception
of the interior of shear-bands and in the immeditmity of boundaries.

We present a model which can be used in the cowfeatclassical (sometimes called a Boltzmann) inanm and
incorporates the concepts of pressure dependeld wied dilatation which does not fully match theegsure
dependence (i.e. allows so-called non-associatévii@ur). For the Mohr-Coulomb yield criterion tmeodel is
hyperbolic for planar steady-state flows. This sleal continuum version of the model contains aedegate case of
the relative spin (i.e. the difference betweenwamcity spin or vorticity and the intrinsic spiir) which the intrinsic
spin is everywhere and at all times constant (whity be chosen to be zero relative to an apprepfraime of
reference). In the interior of a shear band othim vicinity of a boundary the intrinsic spin is lomger constant and
then the classical equations may be augmentedewith quantities and equations appropriate to &&ascontinuum.
The intrinsic spin is here interpreted as the ayeigrain spin in a small representative volume elgrand in regions
where it is not constant in either space or tinezdhwill exist non-zero couple stress tensor angdsynmetric Cauchy
stress tensor.

In this talk we shall describe the model, discumses of its more important properties and considenes applications
of the model.

RAY SERIES METHOD IN MULTIDIMENSIONAL PROBLEMS OF S HOCK DEFORMATION OF
ELASTIC ARRAYS

Ivanova Yu.E-? Ragozina V.E.
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2 - Far Eastern Federal University, Russia
ivanova@iacp.dvo.ru

Is necessary to use a nonlinear mathematical ajpgai@ modeling many technological processes whigd methods
of intensive shock treatment. This allows to désethe effect of the relationship of volume andastdeformation, the
influence of post-impact process, the non-lineaspprties of the motion of deformations forefrontmfirmed by
experiments. Approximate methods are the basic adetbf theoretical analysis of nonstationary dymad&formation
problems in solid mechanics. Among them, the rayesemethod [1] is known as one of the most effectiThis
method is used in dynamic problems in the formesfes with respect to the special spatial ray coattd or time. The
coefficients of these series are the discontimaitiethe corresponding derivatives in the forefrohthe wave process
[1, 2]. They are calculated from the recurrenceesysof decay equations, which are consequenceeoflyimamics
equations. The presence of shock waves in the laoynéhlue problems is a limitation of this scheras, decay
equations cease to be recurrent. In order to rertfugdimitation a modified method of ray serie$, [ivhich includes
additional internal series for functions of cod#iats of discontinuities was developed. Previoukig method was
applied to one-dimensional problems of impact deftion [3 - 5], and also to the two-dimensional jpeon of
antiplane deformation. Additional work sholdé done to generalize the method in order to thlaadescheme became
suitable for solving boundary value problems, whioblude the disintegration of the initial discantity and the
motion through the medium of a few shock waves vaith arbitrary previously unknown geometry. In maufr,
coordination between several ray coordinate systeaasmes very important. In this paper, a genextidia of the ray
method [1] for a multidimensional impact deformatiwaith several shock waves was carried out. Thiskvias been
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done on the example of solving of two-dimensionadlbfem of plane deformation of nonlinear elastidf-space
bounded by the surface of a non-zero curvature. difference between the solved problem and [3] aslinear
divergence of ray directions and the presence ofdock waves with previously unknown geometry. Stlaition for
each of the shock wave in the neighborhood of @sefront is determined on the base of ray coordinagreed with
this wave. Fundamentally important for the ray méthmechanism of transforming one ray coordinatdesysto
another is presented.
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INVESTIGATION OF ELASTIC-PLASTIC DEFORMATION IN POL  YMER NANOCOMPOSITES BASED
ON STRUCTURAL MODEL OF SPHERULITES

Izyumov R.I*? Garishin O.K
1 - Institute of Continuous Media Mechanics, Russia
2 - Perm State National Research University, Russia
izumov@icmm.ru

The work is devoted to mathematical modeling ofiiechanical properties of polyolefins based onatvelability in
the structure of the supramolecular crystalliteuctires. These materials (polyethylene, polyprapyleetc.) are
partially crystallizable polymers, and structuratdrogeneity is well expressed in ones at the nam@s0 and micro
level. The most common type of crystallite entitiespherulites (typical size ranges from 0.1 to A ®Gicrons). It
consists of lamellas and the amorphous phase thgvebn. The spherulite lamellas emanate radiatijnfa common
core, filling the spherical space. From the viewyaf mechanics of spherulites can be considered esmposite,
wherein the lamellas are rigid inclusions in therf@f long thin plates embedded in an soft amorphuoatrix.
Spherulite was presented in the form of a radiatlysotropic inclusion. The material in this caseswansidered as
mechanically inhomogeneous medium with a reguldex@d structure. Spherulite structure was modeded Begular
hexagonal lattice (plane strain) consists of aaldianisotropic hexagonal inclusion with mechahidaaracteristics,
selected from the condition of compliance with teal macroproperties of material.

To evaluate the correlation of the values of radiad tangential elastic stiffness of spherulitesatyed the problem of
the periodicity cell extension. Uniaxial deformatiof the system was realized by spreading the |cavet upper
boundaries in the vertical direction with the sitankous convergence of the left and right sidethénhorizontal
direction with the implementation of the invariangkvolume. At the same time the cell boundarianaimed flat
during deformation (to perform the condition of ipéicity). The problem was solved by finite elemengthod.
Associated flow law was used for the solution adlgems. It was assumed that plasticity in the sgherdevelops
isotropically and anisotropy is appeared only asétity.

The work was supported by RFBR grantl6-08-00756.

ON THE MECHANICS OF CRACKS HAVING PARTIAL CONTACTS BETWEEN CRACK FACES

Kachanov M, Sevostianov %.
1 - Tufts University, USA
2 - New Mexico State University, USA
Mark.Kachanov@tufts.edu

Contacts between crack faces are common in vamoaterials, particularly the brittle ones (ceramigeplogical
materials). They produce strong stiffening effesen if they are small, and hence they constituteastructural factor
of the primary importance that cannot be ignorekis effect also depends on geometric factors sscthe distance
between contacts and the center of the crack, h@sveontact sizes. The said factors also affeztcontribution of the
crack to the effective conductivity. These issuesexamined by numerical means, and simple modelsuggested.
The research was carried out in Nizhny NovgorodeStechnical University n.a. R.E. Alekseev (NNSWithh the
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GENERALISED LANGEVIN EQUATION (GLE) ASATOOLTO ST UDY DYNAMICS OF NON-
EQUILIBRIUM OPEN NANOSCALE SYSTEMS

Ness H, Stella L?, Lorenz Ch., Kantorovich L!
1 - Physics Department, King’s College London, LomdStrand, U.K.
2 - Atomistic Simulation Centre, School of Matheiosiand Physics, Queen’s University Belfast, UrsitgrRoad,
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lev.kantorovitch@kcl.ac.uk

The Generalised Langevin Equation (GLE) method ctvhwas initiated by Zwanzig, Mori and others [F|,designed
for calculating the dynamics of classical open eyst described at the atomic level via molecularadyins (MD)
simulations. The method effectively considers #ystem and its environment or a bath (held at asteon
temperature), although in practice only trajec®ri# atoms of the open system are calculated étpligvhile the
environment is shown to be “mimicked” by non-Markav Gaussian stochastic noises and a memory fiicgince
our method explicitly takes account of the envireminsurrounding the open system of interest, ibksaone to
consider rigorously dissipation effects. Hencés thethod can be applied to a wide class of aténsbblems, such
as tribology, radiation damage, crack propagateino, where considerable energy is released iroples system and
which dissipates into the environment. Note tihe&t iethod is exact and can be used both in nori@guin and
equilibrium MD simulations, i.e. as a thermostathia latter case.

Our GLE scheme [2-4] goes beyond the commonly bélétear coupling between the open system and #tb, and
permits us to have a realistic description of btith dissipative open system and the surrounding. b&e have
developed an original simulation scheme wherebyptimated non-Markovian equations with the colourmise are
mapped onto white noise Langevin type equationatiith the bath is represented by fictitious degreefeedom.
These equations in turn are mapped onto an apptepFiokker-Plank equation, which enables one tdkveort an
efficient computational discretisation scheme falcualating atomic trajectories numerically. A sig¢enethod has been
developed which allows “fitting” the fictitious dezps of freedom to represent faithfully the actuddrational
properties of the realistic bath.

We have used this methodology for systems with amg two temperature baths. In the latter case texhnique
provides a realistic description of the heat transphrough an open nano-system (e.g. a moleculeaoowire)
sandwiched between two baths.

In this talk, | will present an overview of our rhetlology and the results of the method we appleedtdel heat
transport in realistic nano-systems.
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ISOGEOMETRIC ANALYSIS OF MINDLIN’'S FORM Il SECOND S TRAIN GRADIENT ELASTICITY:
FROM NANO TO MACRO SCALES

Khakalo S., Niiranen J.
Aalto University, Department of Civil Engineerirfginland
sergei.khakalo@aalto.fi

In the present contribution, we propose a simglifigodel of Mindlin’s Form Il second strain gradiehasticity theory
with second velocity gradient inertia [1,2,3,4]. thifn this model, the strain energy density is dret by four
additional elasticity moduli and the kinetic enegnsity contains two higher-order inertia paramsetéhe resulting
higher-order continuum model is governed by 6theonghrtial differential equations replacing theresponding 2nd
order ones of the classical elasticity demandir?gc@tinuous conforming Galerkin methods [5]. NURB&sed

isogeometric methods provide & Econtinuous approximation for one patch domainsgnetp is the NURBS order,
and hence offers a natural framework for solvirghkr-order problems. The proposed simplified sectrain gradient
model is implemented as isogeometric user elemiarascommercial finite element software Abaqusd6éjl verified
by benchmarks, and finally used for numerical satiahs.
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THE FILM COOLING FROM CYLINDRICALAND ROW TRENCH HO  LES WITH ALIGNMENT ANGLE
OF +60 DEGREES AT THE END OF GAS TURBINE ENGINE COMBUSTOR SIMULATOR

Kianpour E.
Department of Mechanical Engineering, NajafabachBha Islamic Azad University, Najafabad, Iran

ekianpour@pmc.iaun.ac.ir

This study was done to study the effects of coolines restructure on the film cooling effectivenesider blowing
ratio of BR=3.18. The gas turbine industries attetoget higher engine efficiencies. To have bettagine efficiency,
the combustor's outlet temperature must increasewventer the turbine inlet temperature increasingate® harsh
environment. In this research a three-dimensiopgkasentation of a Pratt and Whitney gas turbinginenwas
analyzed. The findings of the study indicate thegt tombustor with row trenched holes gave almosbléal cooling
performance compared to the baseline case.

Gas turbine industries try for higher engine eficies. Bryton cycle is a key to this purpose. Adtw to this cycle,
the turbine inlet temperature should increase. Hewencreasing the turbine inlet temperature csedtarsh
environment. Film cooling is the best techniquedol down this area. In this system, a thin therbmindary layer is
formed. Cylindrical and trenched cooling holes twe schemes of the holes. With trenching the cgohioles, the
injected coolant is suddenly spread and attach#éérben the surface. Stitzel and Thole [1] indidatkat dilution jet
injection is the dominant feature at the combustat. The objective of the present study was tdyameathe effects of
restructured cooling holes.

In this study a three-dimensional representatiora d®ratt and Whitney engine was simulated [2]. €hmbustor
simulator design length, width and inlet height W&$.9 cm, 111.8 cm and 99.1 cm. The contractigjieawas 15.8
degrees. The inlet and exit cross sectional areaEl m2 and 0.62 m2. The combustor simulatouded four film-
cooled stream wise panels. The starting point e§¢tpanels was approximately at 1.6m upstreanedithine vanes.
Two different rows of dilution holes with a diametd 8.5 cm and 11.9 cm were considered withingteond and third
cooling panels. The diameter of the film coolingdsowas 0.76 cm and drilled at an angle of 30 dedrem the
horizontal surface. The present combustor simulatduded three configurations of cooling holeseTangth of film
cooling holes in the baseline was 2.5 cm. For ttheiocases the cooling holes embedded within atremch with
depth and width of 0.75D and 1.0D and the alignragigie of +60 degrees.

The results shows the laterally averaged film ecmpkffectiveness distribution along z axis for eliffint measurement
observation planes at BR=3.18. They declared trahk observation planes of Op, 1p and 2p, retstring) the cooling
holes has positive effects on the film cooling efifeeness. For the planes of 1p and 2p, the filwling effectiveness
increased 116% and 48% respectively by trenchiagtioling holes.

The purpose of this research was to extend the leulme about the film cooling variation near the bostor end wall.
To sum up, for the trenched case, the temperaeaethe wall and between the jets was significacdiyler especially
for the planes 1p and 2p.
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THE EVOLUTION OF THE SYSTEM OF GRAVITATING BODIES

Kiryan D.G., Kiryan G.V.
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A natural physical approach to the analysis of dtracture of closed gravitating systems has beemutated in the
scope of classical mechanics. The approach refighe interrelation between densities of nesteeisgzhinscribed in
the circular orbits of the system bodies. An enggirilaw has been defined for the evolution of albgeavitating
systems differing in mass, time scale and distdrm® the ground-based Observer. The gravitatingesys undergo
modifications and evolve from their initial statgmely, a gas-and-dust formation of almost congdansity over the
entire volume, to a certain terminal phase of thec@ss when the system structure becomes similtretplanetary
system (like the Solar system) where almost allgitavitating mass is concentrated in the vicinityhe system center
of gravity. Using the proposed method of nestecesgd) it is possible to reveal for the gravitatiygtem the character
of radial distribution of matter density in the 8r® symmetry plane, quantitatively evaluate thesdgrof medium
containing the gravitating system under considenatand assess the current phase of the systemtiewol The
research results have led us to a conclusion ttiegduction into the scientific practice of such amtity as “dark
matter” has no physical background since it is Bas® a wrong interpretation of an “unordinary” distition of star
orbital velocities in galaxies.

WAVE DISTURBANCES OF THE MICROPOLAR RANKINE VORTEX

Soldatov I.N., Klyueva N.V.
Mechanical Engineering Research Institute of RABhNy Novgorod, Russia
erfv@inbox.ru

The goal of our study is to assess the effect afdaditional rotating degree of freedom for a péetie gyration — on the
unsteady development of swirling viscous jets. \@gate main attention to one of the simplest basie fmodels,
namely the plug flow axial velocity profile to wids superimposed a solid body core rotation. el known, that
the Rankine vortex is neutrally stable for smaditdibances (both for axisymmetrical and spiral rspdfean axial core
flow, viscosity and a surface tension is ignorelde Thstability develops if the axial flow in thereds imposed upon the
Rankine vortex.

In this study we restrict consideration to the @feof the viscosity and micropolar properties olyacore fluid on the
stability. Inviscid liquid occupy the external regi The surface of separation between these twidBqwould be a
surface of tangential discontinuity. We also tak®e iaccount different densities of immiscible lidsiin the inner region
and in the external region. It is found exact solutepresented an inertial normal mode. From banndonditions we
obtain a dispersion equation. An examination of thets of the dispersion equation gives us thesoih for the
stability of the system. The absolute/convectiveureof the instability and effects of varying tkéel number, the
Ekman number and non-dimensional number charaitgrimicropolar properties are investigated.

ECCENTRIC PARALLELEPIPEDAL INCLUSION WITH DIFFERENT  DILATATION EIGENSTRAINS IN A
LONG ELASTIC CYLINDER

Kolomoets D.R, Krasnitckii S.AM?, Smirnov A.M?, Gutkin M.Yul23
1 - Department of Mechanics and Control Proces3eter the Great St. Petersburg Polytechnic UniyeRussia
2 - ITMO University, St. Petersburg, Russia
3 - Institute of Problems of Mechanical EngineefiRgssian Academy of Sciences, St. Petersburg,jd&uss
Kolomoetc.d@gmail.com; Krasnitsky@mail.ru

Nowadays the preparation, characterization andeaian of radially inhomogeneous nanowires are ragrhe hottest
topics in modern materials science and applied iphysShis is caused by their excellent electroniel aptical
properties, which encourage their use in varioudgcgs of optoelectronics, nanoscale field effeahsistors, storage
and data transmission devices, logic devices, sgnstc. [1, 2]. Physical properties of nanowirepehd on shape,
size, chemical composition, and types of crystalliattices of the composite components as wellragresence of
various defects in their structure. In particutae shape effects can be tightly related with padties in misfit stress
distribution over the nanowires and with the medtras of misfit stress relaxation in them. Howevertheoretical
description of these mechanisms, they commonlythisenodel of cylindrically symmetric core-shell oarres [3, 4]
as it is much simpler for analytical modeling. Tim@blem is that this simple approach strictly Isnthe variety of
possible relaxation mechanisms available for théxaleexamination. For example, it excludes thalglof straight
misfit dislocations along the flat areas of theecshell interface that is sometimes observed ireewxents [5, 6]. It is
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worth noting that flat interface regions often foimradially inhomogeneous nanowires [7, 8].

It seems that the simplest case of a core withffle¢s is the core in the form of a long parallglegd. To our best
knowledge, today there are only two analytical sohs which describe the elastically strained statelastic cylinders
with parallelepipedal inclusions of square crosstise, which are placed symmetrically with respéztthe free
surfaces [9, 10]. The first one [9] addressed thegstrain case, while the second one [10] dedlsthe case of 3D
homogeneous dilatation eigenstrain. Both the swhstiwere found through the complex potentials nthad
illustrated by stress maps in Cartesian coordinates

Here we present an analytical solution to the bawdalue problem in the classical theory of etastifor a cylinder
with the inclusion in the form of a long parallelepd of a rectangular cross section, which is glaicean arbitrary
position in the cylinder and characterized by thdé&erent dilatation eigenstrains. In real nanoposites, this case
corresponds to three different values of crystiticka mismatch in 3D space. The problem solutiogiven by a sum of
the stress field created by the inclusion in amitd medium [11], and an extra stress field whigmeeded to satisfy
the boundary conditions on the shell free surfate. extra stresses are found through the complesnpals method in
a closed concise and transparent form. We showattadytical formulas for the stress components apple for
practical use in theoretical modeling of misfitests relaxation processes and demonstrate stragbulisn in the
composite cross section, from which the fulfillmeftoundary conditions on the free surface is evid

SAK and AMS got the support fré®kBR project No. 16-32-00521.
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FINITE ELEMENT ANALYSIS OF COUPLED-FIELD ELECTROELA STIC PROBLEMS OF MEMS

Koludarov P.Ut, Lukin A.V.%, Skubov D.YUi?
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In this work we investigate finite element analysigethods of MEMS — pressure sensors, accelerometers
micromechanical gyroscopes, resonators, rf switostes Occurring nonlinear coupled-field problem&lectroelastics
are analyzed by the program ANSYS. An analysistafics and dynamic responses of a one-dimensionaMBHE
oscillator is performed by using the TRANS126 elatnéan electromechanical transducer). A finite edam
computation is performed with various boundary d¢tods for basic elements of MEMS such as beams and
membranes. Their equilibrium forms are calculateélectrostatic fields of various configurationfieTnext methods
are utilized: a generation of layers of TRANS12@ité elements; a coupled-field electroelastic cotaton
(«Electroelastic analysis») using the elements PEARB, SOLID226, SOLID227; an iterative computatwith a
separate simulation of electrical and mechanicahalos («Multi-field analysis»); a calculation usimgimerical
procedures of a modal decomposition («<ROM - Reducster modelling»). A comparison of numerical and
approximate analytical results is completed.

ADJUSTMENT FOR DECREASE OF MAGNETIC MOTOR NOISE

Kolykhalin V.M.
St. Petersburg State Cinema and Television UniyeRRussia

cap-007@mail.ru

The electric motor inside volume formed by the vimgd stator and several rotor core elements is densd.
Electromagnetic interaction between stator fielddimg and the rotor field winding, mechanical motdrations and
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air fluctuations from ventilation motor impeller @te the basic components of air noise in a wiggdency range.
Magnetostrictive forces causing radial deformatibithe stator core rings under alternate fieldaactring the special
addition in motor noise. The dependence of the dawise pressure from electromagnetic vibratiosalaof the small
volume chamber SVC is considered. The greatestlinze SVC less than half of wave length of theglst eighen
frequency is installed. The construction of theéataore of the alternate bipolar commutator méit@ving two acoustic
channels with determinate diameters in the cerfteach magnet poles is shown. Except of externdhcai stator core
fluctuations there are two acoustic sources exditethternal surface stator core and influenceubhotwo channels in
antiphrasis according external surface stator dacuations into SVC. The effective decrease & tarrying basic
100 Hz frequency magnetic motor noise is carried e method of the equivalent generator for sytmmearts in

the electric analogue scheme is advanced. Equivgkmerators as two sources of acoustic fluctuatewitched on
towards each other are described. The spectrogtiusisating of magnetic motor noise decrease &@vim and the
adjustment for decrease of magnetic motor noisepported.

COLLECTIVE MIGRATION OF TWO LOW-ANGLE GRAIN BOUNDAR IES IN NANOCRYSTALLINE
AND ULTRAFINE-GRAINED METALS DRIVEN BY PERIODICALLY  APPLIED MECHANICAL LOAD

Konakov Ya.\#, Ovid'ko I.AY23 Sheinerman A.&23
1 - Institute of Problems of Mechanical EngineeriRgssian Academy of Sciences, St. Petersburgj&Russ
2 - Peter the Great St.Petersburg Polytechnic Usitye St. Petersburg, Russia
3 - Department of Mathematics and Mechanics, SerBleurg State University, St. Petersburg, Russia
for-rams@yandex.ru

In recent years nanocrystalline (NC) and ultrafjnained (UFG) metals have been the subject of massarch efforts
due to their unique mechanical and functional prige Athermal migration of grain boundaries (GBs)one of
deformation modes effectively operating in thesgaaded materials. We propose a model that descdbksctive

migration of two low-angle tilt boundaries in NCAablFG metals driven by periodically applied mechahload.

To consider such process we used the method otlimensional dislocation dynamics [1-3]. In doingwge modeled
low-angle GB in its initial state before migratias perfect walls of edge dislocations. Triple jiows of GBs were
considered as containing wedge disclinations. Tdimothe simulation we calculated the evolution oflatation

ensembles composing the migrating GBs. While sk&ass is applied dislocations that form the miggaGBs move
to their equilibrium positions or reach high-an@®s. In the periods of the absence of mechanicd Imigrated
dislocations that haven't reached high-angle GBd te return to their initial positions.

The analysis of the obtained data revealed sepesaible GB migration modes that can occur witfedént values of
the applied shear stress and misorientation pasasmef migrating low-angle GBs. The results obtdiaee in good
agreement with experimental data [4].
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A POSTERIORI ERROR BOUNDS FOR NUMERICAL SOLUTIONS O F PLATE IN BENDING PROBLEMS
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1 - Saint Petersburg State University, Russia
2 - Vedeneev VNIIG, Russia
vol_kos@mail.ru

For the efficient error control of numerical sotuts of the solid mechanics problems, the two reguémts are
important: an a posteriori error bound has suffitigccuracy and computation of the bound is cheagspect to the
arithmetic work. The first requirement can be fotated in a more specific form of consistency of aaposteriori

bound, assuming that it is not improvable in thdeorand, at least, coincides in the order with ahpriori error

estimate. Several new a posteriori error boundpeesented, which improve accuracy and reduce dhepatational

cost. Also for the first time a new consistent gudeed a posteriori error bound is suggested. Tésepted a posteriori
bounds bear on the counter variational Lagrange @astigliano principles which are valid for a widtass of

problems.
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STUDY OF PREBREAKDOWN PROCESSES IN LIQUIDS WITH THE HELP OF KERR EFFECT

Korobeynikov S.M\-2
1 - Novosibirsk State Technical University, Russia
2 - Lavrentyev Institute of Hydrodynamics, SB RA&ssia
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Prebreakdown processes determine pulse electtrealgsh of liquids. One of the powerful methodspoébreakdown
processes study is Kerr effect application. It gers to see both optical picture and electric fiekhnge before
breakdown. Optical and electrooptical studies ebkdown and prebreakdown processes in water ambeitzene are
presented here. Charge appearance, charge movembbte generation, electrohydrodynamic flows ahhélectric
field action are registered as the main prebreakdmocesses.

Moreover in case of screening electrodes due tdwdive near electrodes layers it was recordedusiees that didn'’t
originated on electrode surface but in the bulkigpfid. This is some kind of partial dischargese$é streamers have
form of two semistreamers, One streamer is sinmlarsual cathode streamer and other semistreamgniigr to usual
anode streamer. Interesting events occur afterkbosen. Space charge in conductive layers couldisampear
instantly that leads to generation of strong eledteld near breakdown channel that, in turn, & generation of
postbreakdown streamers. This mechanism is disgussbe presentation.

This work was supported by the graat16-19-10229 funded by the Russian Science Fowrdati
DYNAMIC MODELS OF PROPAGATING INTERFACES
Korzhenevskii A.L.

Institute for Problems in Mechanical EngineerindyRR Russia
alekorzh@mail.ru

The optimal modeling of extended defects propagatm condensed matter is a fundamental problem loth
analytical and numerical research. During last decades a phase-field model approach seems teebmadst wide-
spread and powerful to solve the problem. It hantsiccessfully applied to a number of varioudddiff issues in the
context of crystal growth, electro deposition, &rgropagation to name a few. However, the apprdash certain
deficiencies.

Due to its purely phenomenological basis it turosthat one may try to make use of some phase-fieldel from a
very large family of possible candidates, thatss dtrict criterion to select the most adequate rnisd@mply absent. In
practice, it happens very often that the model ahads dictated by some conveniences of a prefemederical
algorithm instead of a deep physical insight. Tiarge extent the situation takes place due to dlge that generally
phase-field models are very difficult to be treatethlytically so the computer becomes to be a dantitool. As a
consequence, the proper understanding of physhiadéhe obtained numerical results is seriouslyeded.

In my talk | will discuss some field-theoreticaicks that allow to transform the bulk phase-fieldduals description
into so-called interface models. The latter arecfiamals defined in a space of a lower dimensiamtthe former.
Hence, the interface models are much easier to withlas numerically as especially analytically.@@aborate the
general ideas | will demonstrate several examplelsiding rapid directional solidification of dilutgloys, overcritical
brittle crack growth and laser-induced crystaliizatof amorphous solid.

RELATION BETWEEN DELOCALIZED AND LOCALIZED NONLINEA R VIBRATIONAL MODES IN
CRYSTALS

Korznikova E.A., Dmitriev S.V.
Institute for metals superplasticity problems of RARussia
elena.a.korznikova@gmail.com

Delocalized nonlinear vibrational modes is a tgp@onlinear lattice vibrations being exact solns®f equations of
motion defined by the symmetry of the crystal andependent of interatomic potential and amplitufi¢he mode.
Chechin with co-authors have described four pdessiblocalized short-wave vibrational modes fouackently for the
two-dimensional hexagonal lattice with the helpaofiroup-theoretic approach [1]. The important fematof those
modes is the fact that their amplitude-frequencpetelence behavior is defined by external conditems they can
demonstrate hard/soft nonlinearity type in caseomistant volume/zero pressure conditions respéygtiVhe interest to
those modes is caused by their possible impactattine dynamics and elastic properties. Thus it Wwamonstrated
that the large-amplitude, short-wavelength vibraiomodes excited in the honeycomb lattice @tRPU interaction
potential can change its elastic properties dyghysical and/or geometric nonlinearity of the tatbonds. It was also
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shown that the excitation of a large-amplitude ailamal mode in combination with equiaxial tensteain can change
the sign of the Poisson's ratio from positive tgai&ve, thus leading to the auxetic property of ldtdce [2]. Another
notable feature of delocalized nonlinear vibratianades is the phenomenon of modulational instgbilThe analysis
of modes behavior revealed the decay of the mosidtieg in the modulational instability followed bformation of
long-lived DBs that radiate their energy slowly iltitermal equilibrium is reached [3]. A thoroughvestigation of
superposition of a planar nonlinear phonon modé wie wave vector lying at the edge of the Brilloabne with a
bell-shaped localization function revealed the fmkty of excitation of discrete breathers of difent symmetry [4].
The results obtained make it possible to approdeh search for highly symmetric discrete breathershree-
dimensional crystals.

In general one can conclude that delocalized vitomat modes have a great impact potential for nicatibn nonlinear
lattice dynamics, their elastic properties of cay$attices and initiation of new topological defed\ew possible roles
of delocalized modes in lattice dynamics are diseds
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ANALYTICAL MODEL OF NONLINEAR WAVE INTERACTIONS BET WEEN THERMAL ACOUSTIC AND
OPTICAL PHONONS IN CRYSTAL LATTICE WITH CUBIC ANHAR MONICITY

Kosevich Yu.A.
Semenov Institute of Chemical Physics RAS, MosdRugsia
yukosevich@gmail.com

In crystal lattices with cubic anharmonicty, twartsverse modes can couple with a longitudinal w@rethe other
hand, there are no intrinsic localized modes (dtecbreathers), the time-periodic and spatiallwaliaed solutions of
the nonlinear equations of motion, in the lattiagghwnly cubic anharmonicity [1]. In the recent paf2], the formation

of a dispersionless optical mode in the acoustionph frequencies as well as a kink in the dispargé the

longitudinal acoustic branch was predicted to eaisfinite temperature in crystal lattice of PbSihwonly cubic

anharmonicity. This dispresionless optical-like mauas related in Ref. [2] with the intrinsic loz&ld mode. Here we
present an analytical model, which describes theraction of longitudinal acoustic mode with twartsverse optical-
like branches in the crystal lattice with only culainharmonicty. The proposed model describes #mnidd excitation

of the bulk dispersionless mode through the dedayhermally excited transverse optical mode intghhspeed

longitudinal acoustic mode and dispersionless (iweibte) transverse optical-like mode at one-hal§diency. This

model does not imply the excitation of the intrinkicalized mode in crystal lattice with only culicharmonicity. The
considered model of the excitation of subharmonidenhas some similarities with the subharmonicstrassion at
one-half frequency of high-frequency phonon throtigh interface, caused by nonlinear interactiorth wiermally

excited anharmonic intermediate layer [3].
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THE COMPARISON OF TWO TYPES OF BOUNDARY CONDITIONS FOR THE ACTIVE ELECTRODE IN
SIMULATION OF IONIC WIND

Kostin P.A., Poluektova K.D., Elagin I.A., MarkovsR.Y.
St. Petersburg State University, Russia
petr.kostin.side@gmail.com

lonic wind is generated by a corona discharge duté momentum transfer from ions moving into theri-electrode
gap to neutral molecules. The phenomenon undexlimsmber of notable modern technologies, for exapipenables
the creation of silent coolers and efficient elestatic precipitators. However, the actual develepmof such
equipment pivots on a detailed insight into the gitgl processes that cause ionic wind. Computeulaiion of the
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processes requires significant computational potherefore, different simplified models are relevan

The work aims to compare two models of ionic wifitle simulation involved the needle-plane electrsgiem with
the positive polarity of the active electrode.

The first method utilizes a common approach indtientific community, when the density of the flofvpositive ions
is set at the active electrode as the linear fanctf the electric field strength. Defining the €tion requires
experimental values of ignition voltage of coromsctarge measured for each electrode system uimdelasion.

The second method uses a more complicated bourdadition for the ion flow, which is based on cd#tion of the
number of ionization collisions near the electrgdeface. The advantage of the model is that reguiceexperimental
input data at a change of the electrode configumati

To verify the performance of the models, the stiretof ionic wind in the needle-plate electrodetesyswas studied
experimentally. The |-V curves of corona dischamgere measured over a wide range of voltages. Alocity
distributions in the inter-electrode gap were aiediby the Particle Image Velocimetry method.

Distributions of the electric field, charge densityd integral value of the current were calculdtedooth models. Air
velocity distributions in the ionic wind jet werdtained and analyzed. The results from simulatioth experiments
were compared.

TWO AND THREE HARMONICALLY COUPLED PENDULUMS

Kovaleva M.A., Kosevich Yu.A., Smirnov V.V., Manéeh L.I.
Semenov Institute of Chemical Physics, Russian Aoadof Sciences, Moscow, Russia
makovaleva@chph.ras.ru

We present analysis of the nonlinear dynamics efsistem of two and three harmonically coupled pkmds without
restrictions on the oscillations amplitudes. Thisdel is a basic one in many areas of MechanicsPdnydics (paraffin
crystals, DNA molecules and others). We obtainaetiastary solutions of the equations of motion cepending to the
Nonlinear Normal Modes (NNMSs) of the system. Weéndund inversion of the NNM frequencies when thgktude
of the oscillations increases. Supposing the NNMsomant interaction we introduce “slow” time-scalhich
determines characteristic time of the energy exgbdretween the pendulums. Essentially nonstatiomargess of the
energy exchange is described in terms of the LigitPhase Trajectories (LPTs), which obtained dffecanalytical
presentation. We found explicit expressions for ttireshold parameter values which correspond to NNs$tability
and transition (in the parametric space) from tikeenergy exchange between the pendulums to erecgiization. In
the system of three pendulums a regime of intenpi@godic energy exchange between the first and thiel
pendulums is thoroughly studied. In this case tiddha-pendulum serves for the energy transport eetwthe ends of
the short chain. The frequency of its energy aatilhs is doubled one of the energy pulsationshef énds. The
significance of the nonlinearity type (“soft” or &hd”) is revealed. Obtained analytical results eeefied by the
simulations of the initial system

EFFECTIVE ELASTIC PROPERTIES OF A COMPOSITE MATERIA L CONTAINING RIGID TOROIDAL
INHOMOGEITIES

Krasnitckii S.A?, Trofimov A.S!?, Sevostianov I.B, Radi E3
1 - Department of Mechanics and Control Proces3eter the Great St. Petersburg Polytechnic UniyeRussia
2 - Department of Mechanical and Aerospace Engepifilew Mexico State University, Las Cruces, USA
3 - Dipartamento di Scienze e Metodi dell'Ingegaednivertsita di Modena e Reggio Emilia, Via Amelz Italy
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Calculation of the effective elastic properties materials containing inhomogeneities of non-elligab shapes
represents a challenging problem in materials seidn analytical modeling of heterogeneous materiaf®mogeities
are usually assumed to have ellipsoidal shape. dnrisalistic assumption is largely responsibleifigufficient linkage
between methods of micromechanics and materiakneei applications. In this work, we study effecttarfoidal
inhomogeneities on the overall elastic propertiesoonposite. Such kind of inhomogeneities occuhbptnatural and
man-made materials. For instance, toroidal pagickpresent preferred morphology otQi deposition on porous
carbon electrode in lithium-oxygen batteries [1, @lymeric “microdonuts” are used in bioenginegri3]; toroidal
shape of nanoparticles is reported to be prefdmenhicrowave absorption properties of BaZi@].

To the best of our knowledge, there are two apgreado describe effective properties of a compaositk toroidal
inhomogeneities: contribution of a thin rigid tatal inhomogeneity into overall stiffness has be&alwated by
asymptotic methods in [5] and overall thermal cantiity of a material with toroidal pores was ewaed in [6].
Eshelby tensor of a toroidal inclusion was cal@adain [7], however this result cannot be used fdcwation of the
effective properties.

We solve an elasticity boundary-value problem foririnite elastic medium containing a rigid toraldnhomogeity
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subjected to remotely applied uniform strains. T™odution is obtained in explicit form of associatedgendre
function's series using the approach proposed irk \8]. The averaging over the inhomogeneity voluleads to
calculation of the stiffness contribution tensottted inhomogeneity. The analytical approach isfieetiby comparison
with FEM simulations. The expression for stiffnesantribution tensor yields the possibility to cdite effective
elastic properties of a material containing mudtigioroidal inhomogeneities. It is done using nae+iaction
approximation, Mori-Tanaka scheme, and Maxwell sohe
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STRESS RELAXATION IN DECAHEDRAL SMALL PARTICLES THR OUGH FORMATION OF CIRCULAR
PRISMATIC DISLOCATION LOOPS

Krauchanka M.YU, Krasnitckii S.A'?, Gutkin M.Yul23 Kolesnikova A.L23, Romanov A.E&4>
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Small FCC metal particles is one of the most irdiing objects in materials science due to posghkistence in their
atomic structure of five-fold symmetry axes whigk grohibited in bulk crystals [1]. In the lattease, they say about
‘five-fold twinned’ or, shorter, ‘pentagonal’ smabarticles (PSPs). They have been studied intelysoaer the last
sixty years and still demonstrate new original amdque properties [1-7]. It is commonly known tHREPs have
residual stresses, and their strain energy is ptiopal to their volume. There are many possiblgsvar the stress and
energy relaxation, which include the formation afigus defects such as dislocations, disclinatitms;angle grain
boundaries, voids, etc. The reasons for such vyaaiet still left unexplained. Some of them are d@ved consistently
with increasing particle size. Nevertheless, thesstrelaxation in PSPs usually starts with nuideaif single defects,
in particular, circular prismatic dislocation loof§3PDLSs) [8].

In the present work, we analyze the stress relaxati the simplest PSP that is a decahedral sradticfe (DSP), by
formation of a CPDL. The initial stress-strain stat a DSP is modeled as that created by a positdge disclination
of strength 7°2Q which is placed in an elastic sphere along isrditer. The corresponding boundary-value problem in
the theory of elasticity is solved in [9]. On thiner hand, a similar problem for a CPDL in an étasphere is solved in
[10]. Based on these two solutions, we analyzecHange in the total energy of the DSP, caused éwtitleation of a
CPDL, and show that its formation is energeticaltgfitable when the DSP radilsis larger than a critical valug
which strongly depends on the dislocation core ipatara ranging from 0.5 to 5 in various materials [11]. \&lso
study the optimum radius,,; of the CPDL as a function d&@ and show that.,/R increases wittR and tends to 0.3
whenR— . Enlargement of either or the Poisson ratie leads to reduction ioyp: It is also worth noting tha&., for a
DSP is about 2 times larger than that of a pentalgehisker [12], which shows a greater stabilitya$Ps with regard
to CPDL formation.

This work was supported by grant from the MinigifyEducation and Science of the Russian Federgfi@mtree No.
220) obtained by the Togliatti State University enthe contract No. 14.250.31.0039.
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DNS OF TURBULENT FLOWS IN SPHERICAL LAYER, DRIVEN B Y TORSIONAL OSCILLATIONS OF
BOUNDARIES

Krivonosova O.E., Zhilenko D.Yu.
Lomonosov Moscow State University, Moscow, Russia
olga@imec.msu.ru

We have numerically studied the transition to tilehtiflow in a layer of a viscous incompressibleidl confined
between concentric spherical boundaries perfornesimgnter-rotational oscillations relative to thetestaf rest. The
rotation speeds of both spheres were modulatdteatame frequency and amplitude with the phasemshife used an
algorithm of numerical solution based on a congdaredinite difference scheme of the discretizatminthe Navier—
Stokes equations in space and semi-implicit RungétaKscheme of the third order integration accuracyime.
Discretization in space was performed on grids ndorm in radialand meridional directions with concentration near
the boundaries and equatorial plafibe transition to turbulence was caused by an &saén the amplitude of velocity
modulation. Using the concept of instantaneousuieegy/phase of flow (based on the building of thalgical signal
of the velocity time series by means of Hilberinsform), it is established that the turbulence ta&in a limited
region of liquid layer, outside which the flow reimalaminar. The turbulent region of flow exhibittermittency of the
chaos—chaos type with random alternation of weaksamong turbulence.

NONLOCAL INTERACTION AND ANOMALOUS HEAT CONDUCTION

Krivtsov A.12
1 - Peter the Great Saint Petersburg Polytechnieddsity, Russia
2 - Institute for Problems in Mechanical EnginegriRussian Academy of Sciences, Russia
akrivtsov@bk.ru

Influence of nonlocality on the processes of headaction in one-dimensional harmonic crystalsnalyzed. Method
for obtaining the thermal transport laws for thetsyns with an infinite range of interaction is enegd. Each atom of
the considered crystal interacts with an infiniteniber of neighbors. In particular, the exponerdiad inverse power
laws of interaction are considered. The methodwnallalso solution of the inverse problem: obtainiihg interaction
laws for the desired law of heat conduction. Théamed laws demonstrate combined properties ob#ikstic and
diffusive thermal behavior. In the case of localizeat disturbance, the interaction nonlocalityltesn weakening the
heat front. It is shown that in the case of a gjroonlocal interaction the heat front can be ahsantilar to the
classical heat conduction. Applications to the feois of the thermal transport in nanowires, nanegwnd other low-
dimensional nanostructures are considered.

DESTRUCTIVE ATMOSPHERIC VORTICES AND THE EARTH'S RO TATION AROUND ITS AXIS

Krutova |.Yul, Bautin S.P, Deryabin S.12, Obukhov A.G
1 - National Research Nuclear University MEPhI, Bms, Russia
2 - Ural State University of Railway Transport, #@érinburg, Russia
3 - Tyumen State University of QOil and Gas, Tyunfeuossia
I'YKrutova@mephi.ru

The results of theoretical and experimental studfedestructive atmospheric vortices, tornadoestespical cyclones.
Suggestions S.P. Bautin [1] scheme of the funatiprasind sustainability of such flows. This patteyconfirmed as the
results of analytical studies of the relevant deaois of the initial-boundary value problems for thguations of gas
dynamics for the full Navier-Stokes equations [1at]d conducted physical experiments to createnado flow [3-6].
Numerically and analytically constructed solutiafsequations of gas dynamics, taking into accohataction of the
Coriolis force to simulate the flow of air in thetbom parts of the tornadoes and tropical cycldioee-dimensional
and three-dimensional non-stationary, stationaagy in general in these streams (three-dimensiomistationary).
All these decisions are consistent with the datiietd observations indicated natural air currents.

Analysis of geometric, high-speed and power chargstics of these flows showed the following: destive are those
observed in nature tornado in which the kineticrgm®f motion of the district in the bottom parttbe greater kinetic
energy of radial movement of air in this part of gtream.
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With the results presented experimental and thieatettudies proved the fallacy of proposals notatee into account
the effect of the Earth's rotation around its daighose flows for which the Rossby number is mgoater than unity.
Offered specific recommendations on introductionhef practice of the results developed by the gasdthic theory of
destructive atmospheric vortices. Including madeomemendations for early detection of tornadoes tordado
destruction and tropical cyclones with reasonahkrgy costs [7].

The studies established a new natural scientifit far tornadoes and tropical cyclones mathembyicaorous proof
that only the rotation of the earth around its axithe cause of occurrence of twist in these flang the kinetic energy
of the rotational movement of air in them is takery from the kinetic rotation of the Earth eneaypund its axis.
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ROLE OF PARTIAL DISLOCATIONS AND TWINS IN MECHANICA L RESPONSE OF COPPER
NANOCRYSTAL DURING SEVERE PLASTIC DEFORMATION

Kryzhevich D.S., Korchuganov A.V., Zolnikov K.P.
ISPMS SB RAS, Tomsk, Russia
kryzhev@ispms.ru

In this work we investigated atomic mechanismshef structural response of the copper nanocrystahglisevere
plastic deformation. It is well known that the giasdeformation of fcc metal nanocrystals is mudntdbuted by
partial dislocations and mechanical twins. Padialocation motion and twining provide high pla#iat stresses close
to their theoretical strengths. The mechanical uiest of plastically deformed nanocrystals are lgrgdue to
suppression of the ordinary dislocation mechaniStarifying the causes of these features requirearatysis of the
mechanisms by which partial dislocations and twinsleate at local stresses close to the theoredicahgth of a
perfect crystal.

Here we provide the results of computer simulatbulislocation generation and twinning in fcc coppased on the
molecular dynamics method. The interatomic potémies described in the scope of the embedded atethad. The
loading was simulated as uniform tension in [11li@¢ction, the initial temperature of the specimeas\800 K.
Performed computer simulation gave detailed dynamfdocal structural changes during partial diatean nucleation
and movement, and nanotwin propagation. It wasaledethat the atomic cells can rearrange in theessze fcc-bcc-
hcp at the front of a a/6 <112> partial dislocatibhe restoring of the fcc structure in the tratdislocation movement
occurs as a result of the reverse hcp-bcc-fcc firamstion.

MODELLING HYDROTHERMAL SYNTHESIS INAUTOCLAVE WITH  OPTICAL ACCESS

Kucher D.A., Chivilikhin S.A.
ITMO University, Saint Petersburg, Russia
dmitry.a.kucher@gmail.com

The hydrothermal synthesis is one of the most g¥feenethods of obtaining nanoparticles [1]. Thisthod allows to
produce nanoparticles with various composition amafphology, characterized by a narrow size distidou The

efficiency of the nanoparticles synthesis underrbgftermal conditions is determined, in particulay, the spatio-
temporal characteristics of the temperature inatlteclave. The team of authors has at its disposelique autoclave
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with sapphire windows for the studying the proagfssanoparticles synthesis using optical radiation.

However, all autoclaves, which are experimentinghwiigh pressure, are a kind of "black box", siticere is no
immediate opportunity to observe what is happeimsgle. In 1973, Kuznetsov and Lobachev overconsepgtoblem

[2]. Theirs model of autoclave had sapphire windowesle on opposite sides of the walls of the autecl@his allows
carrying out experiments and optical control, higfing the fusion process, and recording it on @@mAlso, it allows
the circuit to assemble a holographic imaging pseder the synthesis of nanoparticles in an autecla

Since the process of hydrothermal synthesis tal@® mt high temperatures in the force of grawitye of the main
components of its effects is the convective motidrthe fluid. This process defines on of the maargmeters of
system — distribution of temperature. Experimesiup allows manipulating the initial conditions tefnperature
distribution. To achieve the most effective reswitssynthesis needed to find relations betweenaindistribution of

temperature and final distribution of nanoparticlEke first step to find these relations is moaejlconvection inside
autoclave.

Modelling of free convection inside autoclave cameat make using system of Navier-Stokes equatiomder

Boussinesq approximation. OpenFOAM provides stahdalver for this problem buoyantBoussinesqPimpéefoT he

mathematical model of problems described by follmvequations [4]:
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AN ANALYTICAL DESCRIPTION OF UNSTEADY HEAT TRANSFER IN HARMONIC SCALAR
LATTICES
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An approach for analytical description of unstehégt transfer in harmonic lattices is presentealEon of initial
temperature field in infinite lattice is investigdt Dynamics equations for scalar lattices aretewriin a form valid for
longitudinal and transverse vibrations of chaingl dar out-of-plane vibrations of two-dimensionaltiees. The
description of heat transfer is based on analysi®locity covariances for all pairs of particld$he general solution of
the unsteady heat transfer problem is obtainedtaygral form. The solution shows that temperatsnepresented as a
superposition of waves having a shape of initiahgerature distribution. The waves propagate withugrvelocities
depending on the wave vector. The heat front prajgsgwith constant speed equal to the maximum gvelgeity. The
general solution is reversible with respect to fime. it is invariant with respect to substitutibby —t. Closed-form
fundamental solutions for one- and two-dimensidatiices are obtained. The problem of thermal adnté two half-
spaces having different initial temperatures issotered. It is shown that effective heat condutstilinearly diverges
with length for all harmonic scalar lattices. Thgt is consistent with results obtained in litaratfor stationary heat
transfer problem. An example of unsteady heat fesris a stretched square lattice performing ouplahe vibrations
is given. Analytical solutions of problems with gtese and sinusoidal spatial distributions of alitiemperature are
presented. Numerical simulations show that presetiteory describes the unsteady heat transfer imdvéc scalar
lattices with high accuracy.
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SEISMIC BARRIERS UTILIZING CONCEPT OF ABROADBAND P HONONIC CRYSTAL:
MATHEMATICAL MODELS AND NUMERICAL SIMULATIONS

Kuznetsov S.V, llyashenko A.\2, Goldstein R.\2
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The basic idea of seismic barrier is to protectaegn occupied by a building or a group of buildifigan seismic
waves. Depending on nature of seismic waves tleatast probable in a specific region, differentdsirof seismic
barriers are suggested.

For example, vertical barriers resembling a wallairsoil can protect from Rayleigh and bulk waveke TFEM
simulation reveals that to be effective, such aibashould be (i) composed of layers with contgsgsical properties
allowing “trapping” of the wave energy inside soafahe layers, and (ii) depth of the barrier shdudlarger than half
of the considered seismic wavelength. Considereddleiction is geometry of the vertical barriers t@nachieved if
barriers are filled in with dissipative metamatkyigesembling broadband phononic crystals.

Another type of seismic barrier represents a nedhtithin surface layer that prevents some typesusface seismic
waves from propagating. The ideas for these baraee based on one Chadwick’s result concerningpnopagation
condition for Rayleigh waves in a clamped half-spand Love's theorem that describes conditionoof@xistence for
Love waves. The numerical simulations reveal thdte effective the length of the horizontal bagishould be larger
than half of the considered seismic wavelength.ldgausly to vertical barriers, horizontal barrieemn also be filled in
with the dissipative metamaterials allowing fortbdecrease in the barrier overall geometry arttease in reduction
ratios.

CALCULATION OF EFFECTIVE ELASTIC PROPERTIES FOR SOL IDS WITH RANDOMLY ORIENTED
CRACKS

Lapin R.L1, Kuzkin V.A1? Kachanov M.L3
1 - Peter the Great St. Petersburg Polytechnic éssity, St. Petersburg, Russia
2 - Institute for Problems in Mechanical EnginegriRAS, St. Petersburg, Russia
3 - Tufts University, Medford, USA
lapruslan@mail.ru

Calculation of the effective elastic propertiesnuditerials with a random distribution of cracks emsidered. At low
crack densities, the elastic properties are wedtdieed by the non-interaction approximation. Imtipalar, it is known
that the effective elastic properties are orthatrojm the present paper, we numerically studyrdrege of applicability
of the non-interaction approximation. We focus dfea of crack interactions on orthotropic symmeufy elastic
properties. The effective properties are calculatgidg the displacement discontinuity method intthe-dimensional
statement. Computer simulations show that intevastibetween cracks significantly influence the aife elastic
properties. However even at high crack densities,effective properties remain orthotropic as preedi by the non-
interaction aproximation. Moreover, axes of ortbptc symmetry are accurately determined using theinteraction
approximation.

FULLY LAGRANGIAN METHOD FOR SIMULATION OF AXIALLY S  YMMETRIC GAS-PARTICLE
VORTEX RING-LIKE FLOWS

Lebedeva N.A., Osiptsov A.N.
Lomonosov Moscow State university, Institute of Mauoics, Russia
lebedeva@imec.msu.ru

A combined fully Lagrangian approach for meshlesslating of unsteady axisymmetric vortex flows ofas-particle
mixture with an incompressible carrier phase iseitgyed. The approach proposed is based on the patidn of a
meshless vortex method for calculating axisymmedtaows of the carrier phase described by the NaStekes (or
Euler) equations and the full Lagrangian methoddalculating the parameters (including the conediatn) of the
dispersed phase. The combination of these methedisces the problem of modeling the two phase fltavshe
solution of a high-order system of ordinary diffetial equations for the coordinates of toroidaltemrelements in the
carrier phase and the particle trajectories, théocity components, and the components of the Jacoluf
transformation from the Eulerian to the Lagrangianiables in the dispersed phase. The proposedonhétas a clear
advantage as compared to the standard Euleriarahgigm approaches: it makes possible to avoid tingbersome
procedure of the recalculation of the parameteymfthe Eulerian to the Lagrangian grid. The metisoparticularly
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convenient for accurate calculations of the digggnshase concentration fields in vortex flows withssing particle
trajectories.

The application of the method is illustrated by mioty the behavior of an admixture of inertial paes with a small
mass concentration in unsteady flows like solitawytex rings in a viscous carrier phase and grafpsortex rings in
an effectively inviscid carrier phase. These flamglve the formation of local zones of particlkecamulation, regions
of multiple intersections of particle trajectoriemnd multi-valued particle velocity and concentratifields. The
proposed combined Lagrangian mesh-free approadbiesnane to reproduce with controlled accuracyttebe flow
features without excessive computational costs.

DISLOCATION MECHANISM OF MICROSTRUCTURAL CHANGES IN  DUCTILE SINGLE CRYSTALS

Le Kh.Ch.
Ruhr-University Bochum, Germany
chau.le@rub.de

The present paper considers two problems: i) msitierphase transition involving dislocations, filymation of grain
boundaries during severe plastic deformations. Botilems turn out to be non-convex variationabpems of energy
minimization that will be solved within the contimm dislocation theory (CDT). In the first probletnwiill be shown

that the co-existence of phases having piecewisstant plastic slip in laminates is possible fog twvo-well free

energy density. The jumps of the plastic slip asrite phase interfaces determine the surface disdocdensities at
those incoherent boundaries. The number of phawefanes should be determined by comparing theggnef

dislocation arrays and the relaxed energy minimiaesbng uniform plastic slips. In the second probleeninterpret
the grain boundary as surfaces of weak discontininitplacement but strong discontinuity in plastlip. The set of
governing equations and jump conditions are derfeethe energy minimizers admitting such surfagkediscontinuity

from the variational principle. By constructing egye minimizing sequences having piecewise congpdanstic and
elastic deformation in two examples of ductile #ngrystals deforming in plane strain simple shearuniaxial

compression, it is shown that the formation of |Hagestructure with grain boundaries is energdiigateferable. The
number of lamellae is estimated by minimizing thergy of grain boundaries plus the energy of bountdgers.

CREEP AND VISCOPLASTIC FLOW IN THE CYLINDRICAL LAYE R OF A MATERIAL AT
NONUNIFORM ROTATION OF AN INTERNAL BOUNDARY SURFACE

Begun A.S', Kovtanyuk L.VA2 Lemza A.(?
1 - Institute of Automation and Control Proces$tsssia
2 - Far Eastern Federal University, Russia
alsu-24@yandex.ru

The construction of a mathematical model of suphagess as cold forming because of slow regimeedrequires a
researcher to pay attention to the creep of a maatand the development of plastic flow in it. Tipiocess is the most
perspective technology of material processing amdiyring of a finished work. Intensive forming dfetdeformed
material causes necessity of applying a model afeladeformations which considers elastic, plastid &iscous
properties of the material.

This study considers a boundary value problem dbrdeng of an incompressible material with nonlinedastic,
viscous and plastic properties. We assume thatntiterial is placed in the gap between two rigidndyical surfaces
and deformed at the rotation of the internal cydindrhe solution is constructed in the contexthaf theory of large
deformations [1, 2]. Irreversible strains are ailti accumulated because of slow process of cesegome instant, due
to an increase of the rotation velocity of the iing cylinder, in its neighborhood the stress stagehes the yield point,
and a region of viscoplastic flow begins to exteflde dissipation mechanism is determined by theda®d plastic
flow rule. The generalized Tresca yield criterisrused to consider viscous properties of the natdrhe first step of
numerical calculation procedure is the determimatd a moving elastoplastic boundary which separtite area of
elastic and creep strains and the area of visciiplisv from the instant mentioned above till arstant when the latter
area reaches the internal cylinder. Componentewersible and irreversible strain tensors are deited with the help
of obtained elastoplastic boundary distribution atsb by the integration of the system of partiffecential equations
constructed on the base of constitutive relatidrth® theory used. The deforming process is comsttisequentially at
increasing, constant, decreasing and zero rotaétotity of the internal cylindrical surface.
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PLANE LONGITUDINAL WAVES IN A LIQUID SATURATED PORO US GEOMETRICALLY NONLINEAR
MEDIUM

Aizikovich S.M1, Erofeyev V.1, Leonteva A.\
1 - Don State Technical University, Rostov-on-DRuossia
2 - Mechanical Engineering Research Institute oS8RNizhny Novgorod, Russia
aleonav@mail.ru

Mathematical models of deformable porous matedalie back to the classic works of M.A. Biot, Y.keRkel, L.Y.
Kosachevsky, and their subsequent modificationes@imodels are widely used in the study of prosdssgeophysics
and mechanics of natural and artificial compositest authors are limited in their research by lthear theory of
poroelasticity, however, nonlinear effects in tiggild saturated porous media are essential andfanéerest.

In this paper we consider the propagation of plangitudinal waves in a liquid saturated porous ey taking into
account the nonlinear dependence between defomnmsadiod displacements of the solid phase. A ligaidrated porous
medium is considered within the framework of Bidtigory. It is shown that the mathematical moddlictv takes into
account the geometric nonlinearity, can be reduoea system of evolution equations concerning disginents of a
skeleton of the medium and fluid in the pores. lrentthe system of evolution equations is reduoetthé equation of
the simple Riemann’s wave, if the viscosity of thedium is missing, and to a generalised Burgensaton when the
viscosity is present in the medium. The solutionhef Riemann’s equation is obtained by the metHatharacteristics
for a bell-shaped initial profile. The wave breakitime is found. The solution of the Burgers’ eduuatis obtained in
the form of a stationary shock wave resulting fromtual compensation of nonlinearity and dissipatdiects. The
dependence of width of a shock wave front on thirating fluid viscosity and the shock wave ampuléuis
determined.

This work was supported by the Russian Sciencedatiom (project number 15-19-10056).

DETONATION CONTROL IN A SUPERSONIC GAS FLOW IN APL ANE CHANNEL

Levin V.A.12, Zhuravskaya T.A.
1 - M.V. Lomonosov Moscow State University, Instigwf Mechanics, Moscow, Russia
2 - Institute of Automation and Control Proces$&s, Eastern Branch of RAS, Vladivostok, Russia
zhuravskaya@imec.msu.ru

Using a detailed chemical kinetics, detonation costion of a stoichiometrical hydrogen-air mixtutevfing at a
supersonic velocity into a plane symmetrical chanvith a constriction was investigated with the pase of both
determination of conditions that provide detonati&tabilization in the flow and study of methods sifbilized

detonation location control.

The conditions of detonation stabilization in thewf in a plane channel with a constriction, theflomwt section of
which is smaller than the inflow one, have beerestigated in [1]. The stability of the formed gl with detonation
to strong disturbances excited by an energy inpatlieen examined in [2]. However, in cases undesideration the
gas flow does not develop thrust.

In the present research the study of stabilizatibanergy input initiated detonation in the supaisaas flow in the
channel with a constriction, the outflow sectionadfich exceeds the inflow one, has been carriedvithtthe purpose
of determination of conditions that guarantee fdromof a thrust developing flow with stabilizedtdeation in the
channel.

The influence the inflow Mach number, the dustinesthe inflowing gas mixture and the width of thetflow channel
section variations on location of the stabilizedodation wave was studied. Some methods of steliletonation
location control that provide the increase of théodation combustion efficiency have been proposed.

In addition, the possibility of detonation initiati and formation of the thrust developing flow witie stabilized
detonation wave in the channel with a constrictidtmout any energy input has been detected.

This research has been supported by the Russiaml&tion for Basic Research (14-01-00742, 16-29-2},08y the
President Grant for Support of Leading Science 8ishof Russian Federation (NSh-5436.2014.1). THéewvace

package development and study of dusty mixture ndgimn combustion were carried out with the suppdrthe

Russian Science Foundation (14-19-01759 and 140738 respectively). This research has been swggbday the
Supercomputing Center of Lomonosov Moscow Statevéfsity [3].
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ON USING FAST MULTIPOLE METHODS FOR SOLVING PROBLEM S OF CONTINUUM MECHANICS

Linkov A.M.%, Rejwer E2, Rybarska-Rusinek £.
1 - Institute or Problems of Mechaical EngineeriRgssia
2 - Rzeszow University of Technology, Rzeszow, Rdla
linkoval@prz.edu.pl

Modern computational physics tends to accountnfiotual interactions in systems with multiple (upniliards)
degrees of freedom. Two major distinct approachesuaed for two distinct types of interactions, ethare (i) short-
range and (ii) long-range interactions. Specifigadince short-range interaction requires accogntim merely close
neighbours, the resulting matrices are sparse, hwhiggests highly efficient techniques employinig fleature in
methods of molecular physics, smooth particle dyingretc. In contrast, long-range interactionsg lgkavitational or
of Coulomb type, lead to fully populated matricednile providing options of using properties of tberresponding
potentials. The key idea consists of representingiélds of a group of neighbouring sources bhyirtekemmary effect
via so-called multipole expansions. This gives tséast multipole methods (FMM). They use the ergdans to obtain
the total effect of all distant sources on a paféicelement by proper translations in upward amgrdvard passes over
a hierarchical tree.

Respectively, the same distinction transfers to maational continuum mechanics. The methods basedhe
discretization of the entire volume, like FEM, DEMDM, employ elements with short-range interactidihese
methods lead to sparse matrices with the possiliditbenefit from this feature. On the other hathe, methods with
meshes, which cover merely interfaces and extérmahdaries, such as the boundary element methdele\Bequire
accounting for long-range interaction between paftthe surfaces. They result in fully populatedtnicas, while far-
fields of their potentials suggest using the FMMie$e methods are of prime significance when thereeed in
accounting for non-trivial interface conditions omltiple contacts and/or in accurate evaluatioroctl fields near
sources of strong field concentration, like cragdges of grains, thin inclusions, notches. In sk, we focus on
such problems and develop FMM for their solutioframes of the BEM.

The presentation starts with a brief review of th® major types of the FMM: analytical (A-FMM), aricernel-
independent (KI-FMM). Then the reasonable parameatéthese methods are summarized. The comparistire &\-
FMM and KI-FMM is given with emphasis on the reaable ways of using the highly perspective KI-FMNMheT
conclusions are as follows. (i) To account forffalds when solving a BIE it is sufficient to udeetequivalent density
of merely that integral which has the highest ordeinfinity. (ii) The KI-FMM is equivalent to thé-FMM (to the
accuracy of terms kept in analytical expansiongh& equivalent density is evaluated in the basisegated by the
expansion of a kernel. (iii) When employing the KMM, it is reasonable to take circular (in 2D) apherical (in 3D)
equivalent surfaces with circular-arc (sphericalyfdary elements on them. The exposition is ilatett by examples
and numerical results obtained by the authors farraber of benchmark and applied problems.

NUMERICAL STUDY ON HIGH-LIFT MULTI-ELEMT CONFIGURAT  IONS WITH FIFTH-ORDER
ACCURATE HWCNS

Liu W., Yang X., Zhou Y., Ge M., Zeng M.
Department of Aerospace Science and Engineeringomd University of Defense Technology, Changshenéh,
China
liuwei_nudt@sina.com

The flow field of high-lift multi-element configut®ns is characterized by complicated flow physiush as boundary
layer separation, shock/boundary interaction. Aatumprediction of high-lift aerodynamics remaingtallenge to
Computational Fluid Dynamics (CFD). In this pap#ith-order accurate explicit Hybrid cell-edeg awdll-node
Weighted Compact Nonlinear Scheme (HWCNS) is usesblve Reynolds Averaged Navier-Stokes (RANS) gégos
for the study of the three-element airfoil 30P-3@Xd the trapezoidal wing. Numerical simulations bafth
configurations use the SA turbulence model andirbldtk structured grids. Surface pressure distidyuand velocity
profiles at typical stations of 30P-30N are presdnwithout regard to transition, the pressure ithistion agree well
with the experimental results, the velocity prdfilare qualitatively consistent with the experimemésults while
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differs little quantitatively. The force coefficimand the surface pressure distribution of thpezaidal wing are in
good agreement with the test data, and the wingadipex is well captured. Computation results iatkcthe good
performance of HWCNS on the numerical simulatiohigh-lift configurations.

THERMAL PROCESSES IN A ONE-DIMENSIONAL CRYSTALWITH REGARD FOR THE SECOND
COORDINATION SPHERE

Loboda O.S, Krivtsov A.M.2
1 - Peter the Great St.Petersburg Polytechnic Usitye Russia
2 - Institute of Problems of Mechanical Engineertigssian Academy of Sciences, Russia
loboda_o@mail.ru

The process of heat propagation in a one-dimenist@ranonic crystal considering the second cooribnasphere are
studied in this work.

Initial thermal disturbances in a form of a conthetween a cold and hot half-space, an instantaneeat pulse, and a
rectangular pulse are considered. It is shown tthatpresence of nonlocality leads to the propagatiotwo thermal
waves, one of which is related to the maximum greelpcity.

The stiffness of the bond between the particlethefsecond coordination sphere can take both pesiid negative
values. Expressions for the wadispersion and group velocity were found usingngls parametefl, which varies
from -n/4 to n/4, remains real and does not become infinite fosets of its quantities. The use of the parampter
makes it possible to obtain graphs characteriZiegpropagation of waves in the system for any abbwalues of the
second coordination sphere stiffnesspAt 0 the connection with the second neighbors tdaien into account. Fdr

= 7/4, the connection between the nearest neighbarenties insignificant: in the chain considered, ths&atices
between the particles are doubled comparing t@tiygnal one. The valup = -n/4 corresponds to the limiting value of
the negative stiffness of the second coordinatigmes: for which the chain remains stable. It iswshdhat all these
cases are described by the one equation of hegagaton.

NONLINEAR DYNAMICS AND STABILITY OF ELECTROSTATICAL LY ACTUATED ELEMENTS OF
MEMS

Lukin A.V., Popov I.A%, Skubov D.YU.?
1 - Peter the Great St.Petersburg Polytechnic Usitye Institute of Applied Mathematics and Mechami“Mechanics
and Control Processes” department, Russia
2 - IPME RAS, Russia
lukin_av@spbstu.ru

In this work we investigate analytical and numdringthods for solving static and dynamic problenfiselastic
elements of microelectromechanical systems (MEMSg. consider typical deformable elements of sensord
actuators such as strings, beams, membranes aed piad calculate their equilibrium forms in elestatic fields of
various configurations. Analysis of static stalilis performed and bifurcation diagrams are deteechi Dynamic
coupled-field analysis of aforenamed MEMS eleméntsarried out using method of reduced order modgl[ROM).
Frequency and voltage response curves are caldutaténg into consideration strong physical and ngewical
nonlinearities of the system. Numerical continuatialgorithms such as AUTO and MATCONT are utilized,
accordingly qualitative (parametric) analysis @ftistand dynamic stability of MEMS elements is penfed.

MODELING OF PROPERTIES OF MULTIFUNCTIONAL COMPOSITE S WITH CNTS “FUZZY” FIBERS
ACROSS THE LENGTH SCALES

Lurie S.A'? Volkov-Bogorodskii D.B!, Tuchkova N.P.
1 - Institute of Applied Mechanics of RAS, Russia
2 - Institute for Problems in Mechanics of RAS, Bas
3 - Dorodnicyn Computing Centre FIC IU of RAS, Rass
salurie@mail.ru

The applied correct gradient theories of elastifify are used for the simulation, at micro/naneeleof physical and
mechanical properties, of whiskerized interfacéaldrs formed by carbon nanofibers (nanotube forggstsvn on the
surface of the cylindrical fibers along the normiaéction with respect to the surface.

First, we discussed the applied nonlocal secondigmamodels and show the examples that the atioguthe specific
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correctness conditions for the gradient modedseatremely important for applied problems. Thea elaborated for
the nonlocal theory of elasticity the generalizedf-sonsistent Christensen-Eshelby method of teéndion of
effective mechanical characteristics of fiber cosifes in the framework of corrected second gradisadel [2].

We estimate the effective storage and loss moddristled fiber composite materials,

where the surface of the fibers is coated with strmotures such as carbon nanotubes (fuzzy fildé)investigate the
effects of nanofiber length, density of nanostrtetuear surface of fibers and changing of dendityaoostructure near
surface of fibers on the effective mechanical anghadhic properties of a multifunctional fiber comjtes by
employing a self-consistent Eshelby method of atinpllase model using a viscoelastic correspondenioeiple. We
show that these factors play important role in aeieing the effective dynamic properties of bridtigber composite
materials.

We develop the methods of modeling, allowing toetakto account more fully the properties of mulhtiétional
composites structures at various scale levels.re@eive solution we develop the method of radialtitayers [3] for
layered cylindrical inclusions.

We give an assessment not only of the effective hawgical characteristics but also of the dynamicsidative
properties of fiber composites on the basis ofrtlethod of complex modules [4,5]. We study alsostness field near
the inclusions on the micromechanical level.

This work was carried out with the particular suppfstom the Russian Foundation for Basic ResearcanGNo. 15-
01-03649-a and 16-01-00623-a.
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GEOMETRICAL MODELS OF STRUCTURALLY INHOMOGENEOUS SO LIDS

Lychev S.A., Koifman K.G.
IPMech RAS, Russia
lychevsa@mail.ru

Structural inhomogeneity in materially uniform stdlimay be caused by a variety of physical and tdofgical reasons.
Layer by layer (LbL) film synthesizing, surface gith, remodeling, etc are among them. Structurabindigeneity is
closely related to laminar or fibrillar distributioof defects and specific spatial structure of deftion incompatibility.
The latter results in unwanted features, partitylam residual stresses and distortion of georoaktrshape of desired
structure. These factors are associated with aliparameters in modern high-precision technologiesticularly, in
additive manufacturing, and considered to be theeslsential constituents in corresponding mathe@atiodels.

In present communication the methods of geometnieathanics and their application in modeling oésdrstrain state
in structurally inhomogeneous solids are developed.

It is known for simple materials that theory ofiadf connections gives an elegant mathematical flizaimn of the
concept of a materially uniform (in particular, ests-free) non-Euclidean reference form. One camimlsrffine
connection on material manifold by defining paraitfansport as the transformation of the tangeitare in which its
inverse image with respect to locally uniform emtieds does not change. This leads to Weitzenboa&esfthe space
of absolute parallelism, or teleparallelism) andegia clear interpretation of the material conoectn terms of the
local non-degenerate linear transformations whithrn an elementary volume of simple material imidorm state.
The methods in question are based on the repréisentaf a body and physical space in terms of difféiable
manifolds. These manifolds are endowed with spedfiemannian metrics and affine connections, wisch non-
Euclidian in general. Affine connection on the phgk manifold is defined a priori by considerationdich are
independent from the properties of the solid, whlie connection on material manifold is defined ibfrinsic
properties of the body.

Deformation, stress and power measures are foretaliyy smooth mappings defined on smooth manifoldgtw
represent the body and physical space or vectadlesiover them. Tangent map, which locally repressembedding
of body into physical space, plays role of defoioragradient. The measures of local deformationiate@duced as
pull-back of spatial metrics which defines geneedi right Cauchy-Green tensor and push-forwardhefraterial
metrics, which defines generalized left Cauchy-@réensor. Forces are interpreted as covectors,asea linear
functionals, which act on the velocity vectors aditerial points and results power. Accordingly, steess fields are
interpreted as covector-valued exterior two-formd body forces as scalar-valued three-forms.

Tensor fields of different types are considerecel@snents of the uniformly graded structure over:phie material
manifold and the physical one. The abstract thebiptegration based on exterior forms formalisam be adapted to
the elements of this structure which allows ondawnulate the power balance equation on the méateranifold
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(similarly to reference description in the claskio@chanics of compatible deformation) and on thgsjral one
(similarly to the spatial description). The balarerpuations in terms of Cartan's exterior covargerivative can be
obtained from the general principle of covariance.

FREE OSCILLATIONS OF DISCRETE MEMBRANE IN THE CONDI TIONS OF ACOUSTIC VACUUM

Manevitch L.I.
Semenov Institute of Chemical Physics of Russiaadémy of Sciences, Russia
manevitchleonid3@gmail.com

We present the analytical and numerical resultatirg) to nonlinear dynamics of the finite discreteembrane
consisting of longitudinal and transversal stringfrating in the conditions of acoustic vacuum. I$wonditions are
provided by absence of the preliminary stringstshiag that leads to zeroth values of normal fregiess and sound
velocity in linear approximation. We begin from teelution of the nonlinear normal modes (NNMs) peol It is
shown that, in spite of the presence of strongineatities this problem admits exact solution ign#ficant particular
cases and accurate approximate solution in therglenase. Using the modal representation of thécbeguations
adopted to the conditions of acoustic vacuum wethice the complex variables which are complex dpatlons of
the velocities and displacements (in the modalesgmtation). Then, it is shown that the system wndasideration
admits a plenty of the intermodal resonances, hatlits non-stationary resonance dynamics can \msiigated with
using the two-mode models A closeness to resonaacks to existence of the slow time- scale in whiltlsignificant
regularities of the non-stationary resonance dynarmave been revealed. This time- scale determimgmarticular, a
characteristic time of the energy exchange betwbencoherent domains of the membrane. This es#igntian-
stationary process is described in terms of theitiign Phase Trajectories (LPTs). We have found éhelicit
expressions for the threshold parameter valueshitocrespond to NNM instability and to transitiom the parametric
space) from the full energy exchange between theremt domains to energy localization.

ON NUMERICAL SOLUTION OF PROBLEMS FOR LAYERED MEDIA WITH HOLES, CRACKS AND
INCLUSIONS

Markov N.S.
Peter the Great St. Petersburg University, St.rBtatieg, Russia
markovnicholas@gmail.com

Problems for layered media arise in different fetd science. For example, accounting for the kgetructure of rock
is of special significance for modeling hydrauliedtures. The work aims to develop a numerical ottb solve such
problems.

The efficiency of the solution is provided by catesing layers as a chain-like system [1, 2]. Ipéssible due to the
fact that each layer has boundaries that are comwitbnonly its two neighbors. This serves to finde€n function
applying Fourier transform and sweep method toethrery similar problems for layers without inhombggies.
Finally, the problem reduces to the singular indégquation formulated only on boundaries of inhgeneities.

Key features of the numerical solving problems rfarlti-layered media are investigated and formulateds shown
numerically that high efficiency and reliability tfe sweep method, combined with the advantagesraplex variable
boundary element method [3], allows solving sucbbjgms with high accuracy for any number of layarsl
inhomogeneities. The accuracy of the solution ic&bd by comparison with two classical benchmahlitiems. Some
test results for Laplace equation are presentel@tail.
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HYPERBOLIC THERMOELASTICITY IN GAS MEDIUM UNDER LAS ER IMPACT
Matias D.V.
Peter the Great St. Petersburg Polytechnic UniyeRussia
dvmatyas@gmail.com

This paper presents numerical approach in solwfdaser radiation on thin layer of gas medium. Adfrarticle is to

62



investigate coupled thermal and acoustic wavesgmaiion accounting heat flux time relaxation aretéfore damping
and finite velocity of thermal wave due to hypeitity in heat conduction's equations. Spatial dpsion is used in
order to describe continuum fields. Density, terapge, heat flux and velocity are evaluated throtigh system of
balance equations: mass, energy and momentum lealame taken in integral form. High speed thermglact is
modeled by defining the distribution of heat sosraethe volume for the semitransparent medium. fgdwer of the
laser pulse depends on time as the Dirac deltdifumor as the Heaviside function do.

Number of problems with different speed of air @sidered which leads to different boundary antiainconditions.
For numerical calculation both explicit and implitéchniques' scheme are applied; in attempt tdicae method
similar issue of laser interaction on solid contimuwas chosen that have analytical solution to @mpvith.

MICROSTRUCTURE EVOLUTION IN METALS AND METAL MELTS  DURING DYNAMIC TENSILE
FRACTURE

Mayer A.E., Mayer P.N., Krasnikov V.S., Pogorelk&/yYBorodin E.N.
Chelyabinsk State University, Russia
mayer@csu.ru

Dynamic tensile fracture can be observed in salicholten metal; it is referred as cavitations ia tétter case. Tension
wave with negative pressure can arise at a conmiprepsilse reflection from a free surface or assulteof powerful
ultrafast irradiation by electron or laser beamv@&epment of the dynamic fracture is connected weitlution of
micro-voids interacting with other microstructuleraents. Basing on the molecular dynamic simulatiove develop a
macroscopic model describing the microstructurelwgiam during the dynamic tensile fracture of sofitetals with
accounting of other structural heterogeneitieshsag initial voids, inclusions [1], dislocationsdagrain boundaries.
The model allows one to predict the metal strengtie fracture progress and the characteristic sfeshe
microstructure elements of the fractured metalintiludes the kinetic equations for formation, growP] and
interaction of voids. The model is verified by meaf comparison with the taken from literature ekpental time
profiles of the free rear surface velocity in thelgems of the high-velocity plate impact. Also ingson the molecular
dynamic simulations, we develop a macroscopic moflehe dynamic tensile fracture of metal meltsthbimitially
homogeneous [3] and with initial voids or inclussdd]. Our investigations show that both solid andliten material
reaches the tensile strength much earlier the astmgtacture, which occurs as a fragmentation onaén crack
formation. It is also remarkable that the work riegg for fragmentation exceeds several times thekwa reaching the
maximal tensile strength [5].

The main part of this work was supported by thengfeom the Russian Science Foundation (ProjectIMel1-00538);
investigations for magnesium was supported by thatgrom the President of the Russian FederatiBroject No.
MD-7481.2016.1).
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DYNAMICS AND BUCKLING ANALYSIS OF ATHIN VISCOUS SH EET

Melikhov I.F.
ITMO University, St. Petersburg, Russia
ivan.melikhov@gmail.com

Understanding of viscous sheet's dynamics is egdeint many manufacturing processes (for examplasgand
polymer production) as well as in describing ndtpteenomena (e.g. global plate tectonics, cell nramd, and others).
In contrast to elasticity theory, where differenint plate models have been studied for a long twisgous sheets are
undeservedly less examined. One of the main diffida non-linearity of Navier-Stokes equations foriscous sheet
with free boundaries.

The present work deals with dynamics of a thin lygalanar viscous incompressible sheet submitted@mly forces
(e.g. gravity) and surface forces (surface tensioexternal pressure). The theory starts from sgadinalysis of the
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general Navier-Stokes equations. Then a small patexirheight to length ratio, is introduced anddufse asymptotic
expansion. Existence of asymptotic solution requsatisfaction of compatibility conditions, whichysically imply
media continuity, in-plane stress balance, and ingndhoment balance. With the derived simplified st@ntive
relationships, one comes up with a non-linear redusystem which describes dynamics of a viscoustsAéhough
the focus is on low Reynolds flows, the presentedhad resolves inertial effects, which may be essleim some
applications. In particular, they allow damped baton of a sheet. Besides the dynamics, the amranay be used
for buckling analysis of a viscous sheet. It is @ linear stability analysis of a plane shedtisTanalysis helps to
find buckling shape and growth rate.

The obtained governing equations can be solved Rtk for various sheet's geometry.

SIZE INFLUENCE ON THE TENSILE RESPONSE OF SINGLE-CR YSTAL NANO-SIZED COPPER BEAMS

Melin Petersson S., Ahadi A., Hansson P.
Division of Mechanics, Lund University, Lund, Swede
solveig.melin@mek.lth.se

It is well-known and experimentally confirmed ththe mechanical response to loading of small enaiglctures
differs from what applies to the macro-scale. Tikigalid for structures of linear measures at theascale, typically
below about 50nm. At this scale the number of s@rfatoms constitutes a non-negligible part of tiel thumber of
atoms in the structure, and due to the lack of soeighboring atoms these surface atoms are ledhienergy state
differing from that of bulk atoms. This will affettte load carrying capacity distribution betweea étoms and thus the
mechanical response to loading, both as regardsctnd plastic properties.

In addition to pure size effects also the crystatiphic orientation becomes important at this sosderegards elastic
properties the orientation i.e. determines if tleeiyg’s modulus increases or decreases with denggaiie. Since the
crystallographic orientation introduces anisotrdpythe structure, also the Posson’s ratio is aff@ctAs regards
plasticity, which is built from dislocation formati and slip along closed-packed planes, the ctggtalphic
orientation determines the slip pattern.

This study demonstrates the mechanical responsksptacement controlled tensile loading of solichesized fcc
single-crystal Cu beams of square shaped crossomeciThe investigation was performed through 3Dlecwalar
dynamic simulations using the free-ware LAMMPS. Telifferent crystal orientations and different loaglirates were
considered. Deformations and stress-strain cunere wbtained and the necking behavior was studietkfail. The
elastic behavior showed to be non-linear and inesmase substantial hardening was observed. Funtitiple
necking, leading to rupture of the beam at twoedéht positions, was observed.

EFFICIENCY OF IONOCRAFTS: EXPERIMENTAL INVESTIGATIO N

Melnikova N., Samusenko A., Safronova Y.
St. Petersburg State University, Russia
n.melnikova@2012.spbu.ru

lonocraft is a flight facility which lifting forcas created by means of ionic wind. lonic wind is fféw caused by
corona discharge. The flux of momentum which isriedi away by ionic wind jet may be used for propns A
significant difference from ion thrusters — perdpacspacecraft engines — is that working ionocda#s not lose ions.
In ionocraft charged particles are generated inctivena sheath due to impact ionization and aftetsvare absorbed
on electrodes. Propulsion issues due to momentumeafral air jet passing out of the electrodes. gainocraft
conception is known for decades but efficiencyhaf prototype models is still low. The main efficigrparameter for
ionocraft is the relation of consumed electric ggeaind lifting force (“Thrust specific energy congotion” - as an
analogy to “Thrust specific fuel consumption” whisha commonly used term in aviation). It is neaeggo reach a
certain level of thrust specific energy consumpfampractical applications.

The experimental part of the work consists in diraeasurement of lifting force of an ionocraft segimby the weight
sensor based on the strain transducer. A classicatruction of ionocraft segment — wire-cylindes-€onsidered. The
ionocraft segment is hanged in such a way thathitast is directed in the upper direction. So theust value
supplements the ionocraft's weight and this sumredrivalue is measured by the weight sensor whinbciaft is
fastened to. Voltage and discharge current are unedss well.

Dependence of thrust specific energy consumptiorb@se geometric parameters is presented. Presumalke of
efficiency improvement are discussed. Formally shrspecific energy consumption of ionocraft mayrather low
especially for large interelectrode gaps. Howevarsually leads to large air volume occupied bystarction with
significant total lifting force. Consequently mosephisticated criteria should be used such asstlapecific energy
consumption level by fixed lifting force from unityolume. An alternative way of ionocraft efficienapprovement:
variation of active electrode form for lowering ooa threshold voltage. This way is also considened discussed.
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Possible characteristics of flight facilities astimated and analyzed.

ON THE THEORY OF THE VIBRATION SYSTEMS WITH AHERED ITARY TYPE DRY FRICTION
FORCES AND AN OSCILLATION LIMITER

Igumnov L.Al, Zaytsev M.\2, Metrikin V.S?, Novikov V.V2
1 - Research Institute for Mechanics, National RegelLobachevsky State University of Nizhni NovghrBussia
2 - National Research Lobachevsky State Univerdifyizhni Novgorod, Russia
v.s.metrikin@mail.ru

The issue of modeling and studying dynamic systemsounting for dry friction forces, is still vitdue to considerable
problems with adequately mathematically descrilpnacesses in realistic objects. This is reflectethe early works
by academicians A.Yu.Ishlinskiy and 1.V.Kragelskig jumps in the conditions of friction, by profesdaV.Butenin on
the hypothesis of "jump" and some others, whosalteeare currently being actively developed andiuse

The present paper analyzes the dynamics of a iobraystem, accounting for hereditary type drytioic forces and an
oscillation limiter. The vibration system and thsciflation limiter interact either according to Niw hypothesis or
accounting for the elasticity of the (limiter) wall

A mathematical model (MM) of the system, accountiog hereditary type dry friction forces, has besmveloped,
which is a strongly nonlinear non-autonomous systeith a nonlinear structure. The dynamics of the M#/
numerically and analytically studied, using the Imeamatical apparatus of the point mapping methoat 3jecific
approach of the study is that a point map is foataa not in the classical way (mapping a Poincariase into itself),
but using times of relative rest of the vibratigstem, which significantly simplifies the procegsonstructing a point
map and of its detailed study. The presence ofifigsdboundaries of the sliding motion plates in fiese space of the
MM necessitated developing an original approach twstecocting a point map and interpreting the resalitained.
Using the developed investigation methodology &medsbftware product, the structure of the phaseespiithe MM as
a function of the characteristics of the forcesslding friction and rest, as well as of the typsddocation of the
limiter, has been analyzed.

Judging by the character of changes in the bifionatiagrams, the main laws of the process of ceaiiig the motion
regime have been determined for the changingnpetexs of a vibration system (occurrence of peciadbtion
regimes of arbitrary complexity and possible traosito chaos via the process of doubling the Felgheam period).
The results of the analysis in the presence attitkimbsence of an oscillation limiter have beenpared.

The work has been done with financial support ftbemRussian Scientific Fund. Projé&t16-19-10237.

AUGMENTED AND VIRTUAL REALITY IN MECHANICS. ABOUTT HE PROFESSIONAL USAGE IN
TEACHING AND SCIENCE COMMUNICATION

Michitsch C.M%? Nackenhorst U.N:?
1 - Leibniz Universitat Hannover, Germany
2 - Institute of Mechanics and Computational MedtsnGermany
Christine.Michitsch@ibnm.uni-hannover.de

In industry 4.0, engineers are specialists for Wwaré and software. Mechanics, electronics and B rary longer
separate worlds. The specialist areas complemett ether, influence each other and ultimately mdigdje Lower

(2014)). Higher education should prepare futureiresgys to create this complex process and adjusiadds for
competences and learning outcomes. Not only widéend specific knowledge, but also methodologidajital and

social competences, as well as the ability to dgvekoss-curricular thinking, self-organized andlatmrative work

and the visual and interactive presentation of wesults are expected.

This contribution wants to explore the professiamsdge of augmented and virtual reality in the exindf mechanical
engineering education to counter the situation rilesd above. As an example, it refers to the fielement method
(FEM) as an universal tool for computational anetysf mechanical structures, that rises teachatdemmners to a
challenge equally. The question is how to combim&dtheories and underlying models of these coatioumal method
with a competent application of the respectivevgare to reach the learning target: to understard,and evaluate
analyses of mechanical stresses and deformatisesilean the FEM critically. Furthermore, increastognplexity and

abstractness, missing 3-D-surroundings and contefktgsualizations are one of the biggest hurdiesuse these
computational analyses professionally.

In this framework, applications of virtual realigs simulations of real environments and augmergetity, which

extend “the real world environment with a certammoaint of synthetic information, ideally just enoughovercome the
limitations of the real world for a specific apgton” (Kalkofen et al. (2014):65), can create insyg visualizations to
get a deeper understanding of computational aralgéenechanical structures. The contribution wilrédduce how
you can implement FEM in augmented and virtual i@pfibns to enrich computational analyses and tvide
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expertise in a discursive and interactive way. Tiélurray Gell-Mann, Winner of Nobel Prize in Plggin 1929;:
“We need to move from the sage on the stage tgufde on the side” (quotation from Vest (2007: vi))
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DISLOCATION EMISSION FROM THE EDGE OF A PALLELEPIPE DAL INCLUSION EMBEDDED IN A
NANOLAYER
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Synthesis, study and application of heterogenedarsap nanostructures form one of the main direstionmodern
materials science and applied physics. Nowadayshnattention is paid to one-dimensional nanostnestusuch as
nanowires and nanobelts, embedded in two-dimenlsgutestrates and nanolayers. The difference irstheture and
properties of materials composing such nanostrestl@ads to the appearance of thermal and misdinstand stresses
in them. Under several conditions, these straimssdresses start to relax through generation abwardefects which
cause negative influence upon the properties oh#rmstructures. Thus, the study of the relaxati@echanisms and
the critical conditions of their activation is ofifmary importance for these nanostructures. Atrtftament, there is a
number of works dealing with such problems [1-4].plarticular, theoretical models describing stredaxation by
formation of misfit dislocations at the boundart#ssubsurface parallelepipedal [1, 2] and cylindri@] nanowires in
semi-infinite solids, and a layer normally crossinthin slab [4], were invented and analyzed iraidlet

In the present work, we considered the stress aitax at the edge of a long pallelepipedal inclnstonbedded in a
nanolayer. In doing so, we assumed that the retaxatccurs through emission of dipoles of edgeiglafor perfect)
dislocations gliding along the inclusion face nokmeethe free surfaces of the nanolayer. One ofdibkcations glides
from the inclusion edge to the free surface, witike other one glides to the middle of the inclusiaece. Based on the
earlier solutions of the boundary-value problemshimtheory of elasticity for such an inclusionairthin layer [5] and
for an edge dislocation in a thin two-layer pla, jwe calculated the total energy change causethéyislocation
emission, and analyzed it in dependence on thartiss passed by the dislocations. By analyzingdéfendence, we
studied the critical conditions for the activatiohthe dislocation emission and determined thelidgiusim positions of
the dislocations for different values of the systeanameters. We showed that this mechanism ofsste¢axation is
rather effective and should be taken into accaudivelopment of relevant nanotechnologies.

This work was supported by the Ministry for Edumati and Science (Russian Federation) (Grant
No 3.3194.2017/PCh).
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STRESS FIELDS AND STRAIN ENERGY OF A CIRCULAR LOOP OF RADIAL DISCLINATION IN AN
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Circular loops of linear defects — dislocations alistlinations — are of great importance for bathdamentals and
applications of the theory of defects. To date, ithest of researchers deals with the Volterra dadioos [1] and
disclinations [2] which are characterized by constdurgers vectors and Frank vectors, respectivégrertheless,
there is also another kind of linear defects whaoh called the Somigliana dislocations [3] andrsihy differ by their
properties from the Volterra dislocations. A liftsolved problems for the Somigliana dislocatiansather short [4-11],
although there is a common opinion that their useld be very effective in theoretical descriptiof ioterface
problems. A good example in this respect is a @rcloop of radial disclination (CLRD, also call&thg dislocation’
[5, 6, 9, 10]) which is also one of the types af Bomigliana dislocation loops. In works [4, 7,18], virtual surface
CLRDs were used in solving of a number of boundadyte problems in the theory of elasticity.

In the present work, we solved the boundary-vahablem in the theory of elasticity for a CLRD pldce an axially
symmetric position in an elastic sphere. The sotuiivas found by the Lurie method [12] in the forrawan of two
terms,where the first term is the stress field of the CLRR an infinite space [4, 7, 8], while the secamtk is an extra
stress field, which provides the fulfillment of bwlary conditions on the free surface of the sphEne.first term was
expanded in series of Legendre polynomials usiegféhmulas presented in [11]. Then, by using theega solution
for the internal axially symmetric problem of tHeebry of elasticity in spherical coordinates [1tle coefficients of
series representing the second term, were detednfinen the boundary conditions of the problem. Asesult, the
CLRD stress fields and strain energy were founthenform of series, analyzed numerically by meahsti@ss and
energy maps, and discussed in detail.

This work was supported by the Ministry for Edumati and Science (Russian Federation) (Grant
No 3.3194.2017/PCh).
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PREDICTING CURVATURE IN ASYMMETRICAL ROLLING: COMPA  RING PREDICTIVE MODELS

Minton J.J*, Brambley E.J3.
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2 - University of Warwick, UK
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Curvature of the workpiece during rolling processas significant impact on the process design amtpiece quality.
In flat-sheet rolling, unintentional asymmetries @@ause turn-up/turn-down which can halt the preeesl damage the
rolling table; in asymmetrical rolling, asymmetriase exploited to improve process efficiency anddpce curved
products; and in ring-rolling, a uniform curvaturaist be maintained to prevent the formation opgtal rings and
other instabilities. Due to this broad relevancetvature studies were first published, at the tates 1956 and
curvature continues to be the focus of currentstigations.
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The present work begins with a comprehensive revidwonclusions from previously published numerieald
experimental studies. We find that no trends idietiin any individual study are universally applide, and indeed
many studies appear contradictory when naively @eth One example of this is the direction of ctura due to
asymmetric roll surface speed, with some studiesvastg evidence of curvature towards the faster apitl others
towards the slower roll depending on the roll gapegt ratio.

To explain some of these contradictions and undedsthe full complexity of the curvature phenomertbe results of
at least eight experimental and ten numerical pabtins have been digitised and analysed as arJangee complete
data set. The results cover a range of geomeagggct ratios from 0.07 to 0.57 and reductions fil@% to 55%; a
range of asymmetries, friction differences up t8a200ll size differences up to 80% and roll spedfkinces up to
80%; and materials, including steel, aluminiumgdlaad plasticine.

From these data, multiple statistical models agdieg. These models provide reasonable predictiowell as suggest
some key trends: cross-correlation between the amtries is only significant for roll size and rallrface speed;
asymmetric roll size, surface speed and frictiacfuged curvature are all influenced by both thegajp aspect ratio and
reduction to the extent of changing the directibowvature; and, the magnitude of curvature isetejent on the ratio
of the Young’s modulus and the yield stress.

These results are important as they can providgeage about the mechanism that causes curvaturexample, it
has been proposed that curvature is a consequétive formation of the cross-shear region withia tbll gap. This is
unlikely given the non-monotonic relationship bedwehe roll surface speed ratio and curvature.|8ilyi dependence
on both elasticity and plasticity makes it unlikehat proposed rigid plastic models are able tdy fabpture this
phenomenon.

Finally, a review is conducted of analytical modefscurvature with at least three implemented tarditiatively
compare with the previously collected data. Nonthefmodels match well across all three asymmetkiesy achieve
a reasonable fit for asymmetric roll surface spérdgew are able to capture curvature for asymimettl sizes.

BEHAVIOR OF POLAR AND NONPOLAR LIQUIDS IN DIFFERENT CARBON NANOTUBES

Abramyan A.K., Bessonov N.M., Mirantsev L.V.
Institute of Problems of Mechanical Engineering $tais Academy of Sciences (IPME RAS), Russia
miran@mail.ru

Using molecular dynamics (MD) simulations, theistaind dynamic properties of polar and nonpolaidfiun carbon
nanotubes (CNTs) with different shapes of crosdi@ecand different structures of bounding walls éaveen
investigated. It has been found that the fluid 8athrough CNTs with rectangular cross sectiondaer than those
through CNTSs with circular cross sections with saene area. It has been also found that fluid flidw@ugh CNTs with
bounding walls having honeycomb - like graphencstme are faster than those through CNTs with athmmp
bounding walls.

SYNTHESIS OF SILICON DIOXIDE NANOPARTICLES IN RF DI SCHARGE SUSTAINED AT
ATMOSPHERIC PRESSURE

Mishin M.V., Alexandrov S.E.
Peter the Great Saint-Petersburg Polytechnic UsityeRussia
max@mail.spbstu.ru

Plasma enhanced chemical vapor deposition (PECVY@)egses based on the use of electric dischargésirsng in
various gases at atmospheric pressure have bedopagticular interest. Atmospheric pressure PEC\UDBcpsses can
be considered as more effective than low press&@€MV® in the case of synthesis of produgta homogeneous
chemical reactions due to higher reactants papiabsures and therefore increased probability shdgeneous
interactions. This method doesn'’t require expansaguum pump systems for sustaining a dischardbeirsynthesis
zone and evacuation of reaction products in corapariwith the conventional approach based on lonp&rature
plasma processes carried out at at low pressures.

Nanoparticles are the most intriguing objects afatachnology world. Nanoparticles and nanopowdetsibse of their
unique properties have been widely used as comp®oécomposites, ceramics, catalysts, functioaaksg materials
and potentially can be utilized for biomedical apgtions.

The results of a comprehensive study of the syighefsnano and microparticles of silica in a atmwejic pressure
discharge have been presented. Nanoparticles wathesized by APPECVD based on the use of RF (1B16&)
discharge sustained in helium, a helium-argon, andelium-oxygen mixtures. Discharge power absorivedhe
discharge was varied in the range 5 - 300 W. Tdtoexgsilane was chosen as a precursor. The prodyathesized
were collected on the substrate located on thegezfited holder.

Correlation between the process parameters angizbeof the synthesized particles, and the morghyolf obtained
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deposits were found out.

The plasma parameters were determined using thgnhain probe, the specially designed probe and m@mission
spectroscopy. Silica micro- and nanoparticles s3sited were examined by scanning electron micrgs(8pM), X-

ray photoelectron spectroscopy (XPS) and X-rayrélaoence (XRF).

It has been shown that the parameters of the plaischarge (electron temperature, potential ancteamation of
plasma) determine the size of the synthesizedcfeatand the nature of their agglomeration.

The theoretical models describing the formatiorpafticles of a certain size and the formation oflagerates of
particles on the substrate surface have been dmatlon the basis of the experimental data.

Good correlation of the experimental results with tesults of calculations in accordance with tieotetical models
developed have been demonstrated.

A COMPREHENSIVE STUDY OF WATER TRANSPORT MECHANISMS THROUGH CARBON
NANOTUBES

Kammra K.,_Mistry S., Kumar R.
Indian Institute of Technology Kanpur, India
rkm@iitk.ac.in

Carbon nanotubes (CNT) are one of the most widalgduand ideal nanofluidic devices as they allowoalm
frictionless fluid flow through them. With an evieccreasing field of applications, it becomes impattto study novel
mechanisms used to transport water molecules throaghon nanotubes and to compare the effectivenessate of
flow provided by them. In this study, we considbree popular non-conventional mechanisms of pumpiater
through a CNT are, namely, thermally driven flowstation of chiral CNT and AC electric field drivdtows, and
characterize the flow observed.

Thermally driven flows:

Thermal fluctuations in water molecules depend logirttemperature. When a passage is provided towter
molecules present in two reservoirs at differentgeratures, the asymmetric thermal fluctuationsesuhe water to
flow from one reservoir to another. The phenometimt causes this flow of water from the hot reserto cold
reservoir is abstract and forms one of the focuthefcurrent work. In order to understand the pheon, a number
of simulations are carried out by varying the terapges of the two reservoirs over a wide range.

AC electric field:

When an electric field is applied to a CNT in tlenh of a traveling wave, it causes the water mdéscto follow the
gradients in the electric field due to their existe as dipoles. A traveling wave breaks the spatipbral symmetry of
the water molecules and creates wave packets liydpeally polarizing the water in the direction tbfe local electric
field. The resultant of this localized effect imthhe packets of water molecules orient in oppaditections and are
forced to travel along with the particular wave kgtc As the wave itself travels along the CNT, ttésises the water
molecules to be dragged along with the wave packsdsbe pumped out of the tube. The magnitudeeatrit field is
varied so as to establish the trend of the fluwafer molecules with the electric field.

Rotation of CNT:

In this mechanism, transport of water is achieveddtating a chiral CNT. The structure of a chi@MT is such that
there exists an asymmetry in one direction. Whehieal CNT is rotated, this asymmetry of CNT prodsi@an axial
force on the water molecules which pushes themobutne end of the CNT. A number of case studies/dnying
magnitude as well as the direction of rotationaeied out in this work.

Finally, a comprehensive analysis, comparing tlieieficies of flux obtained by the above-mentiomadchanism is
presented in this work.

STRESS FIELDS IN AN ELASTIC CYLINDER WITH ACYLINDR ICAL INCLUSION OF FINITE LENGTH

Mordasova E.A, Gutkin M.Yul?3 Kolesnikova A.L23, RomanowA.E.3#5
1 - Department of Mechanics and Control Proces3et®r the Great St. Petersburg Polytechnic Uniye(Si.
Petersburg, Russia
2 - Institute of Problems of Mechanical EngineefiRgssian Academy of Sciences, St. Petersburg,jd&uss
3 - ITMO University, St. Petersburg, Russia
4 - loffe Physical Technical Institute, Russian éemy of Sciences,
St. Petersburg, Russia
5 - Togliatti State University, Togliatti, Russia
katj_al@yahoo.com

Nowadays much attention is attracted to variouspmsite nanowires which are considered as impogtments for
both structural and functional applications. Amaniers, the nanowires containing discrete inclusi@uantum dots)
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are of special interest, in particular, for nanoelenics, optoelectronics, photonics, plasmonids, €unctional
characteristics of such composite nanostructuresgly depend on residual elastic strains causetthdytomic misfit
of material components as well as on misfit defqotsviding the misfit strain relaxation. To studyese effects,
theoretical modeling of misfit strains and misféfelcts seems to be rather useful. The first stapisnmodeling is the
posing and solution of an appropriate boundaryevaliastic problem for a misfitting inclusion. Thecend step is the
modeling of possible mechanisms of misfit strailaxation. Recently, for example, such a problembeen solved for
a cylindrical inclusion of finite length with axigigenstrain in a long cylinder [1]. Further th@wion has been used
for modeling strain relaxation in pentagonal namewi[2, 3]. However, the drawback of these modelthe one-
dimensional axial eigenstrain of inclusions, whigkturally limit their applicability for real nanesttures. The main
aim of the present work is to pose and solve simpitablems in the case of radial eigenstrain anthéngeneral case of
axial-and-radial eigenstrain. First, we solve aruary value problem in the theory of elasticity orcircular radial
disclination loop (Somogliana dislocation) [4-6lasdal with a long elastic cylinder. Then the dipofesuch loops gives
us a solution for a cylindrical inclusion of finitength with radial eigenstrain in the cylinder.p8position of this
solution with that found in [1] results in a sohuifor the inclusion problem in the general casexaél-and-radial
eigenstrain. We discuss the peculiarities of stfietds with the help of corresponding stress mams consider various
possible mechanisms of stress relaxation in theposite nanowires.

This work was supported by the Ministry for Edumati and Science (Russian Federation) (Grant
No 3.3194.2017/PCh).
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AC ELECTROKINETICS: THEORY AND APPLICATIONS

Morgan H.
University of Southampton, UK
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AC electrokinetics is the study of the behaviourpafticles in AC electric fields. Dielectrophaoresefers to the

movement of polarisable particles in non-uniformctdic fields and has been widely used both toattterise particles
and as a particle manipulation and separation toBlectroporation describes the rotation of aiplarin a rotating

electric field and is used to characterise theedteic properties of single particles. Complemeantinis approach is the
new method of high speed single cell impedanceacharisation where particles are measured at lpighdsin a flow.

This talk will review methods used to characterise dielectric properties of particles and highligome recent
advances in dielectrophoretic technologies foriglartmanipulation, with a focus on applicationsintechnology.

NUMERICAL MODELLING TRANSFORMATION FRONT PROPAGATIO N BASED ON ISOGEOMETRIC
ANALYSIS PROCEDURE

Morozov Al2 Khakalo S, Balobanov \#, Niiranen F, Freidin A2 Muller M.
1 - Institute of Mechanics, Berlin University ofdfenology, Berlin, Germany
2 - Institute for Problems in Mechanical Enginegraof Russian Academy of Sciences, St. PetersburgsiB
3 - Department of Civil and Structural EngineeriBghool of Engineering, Aalto University, Espoal&nd
4 - Institute of Applied Mathematics and Mecharieter the Great Polytechnic University, St. PetagRussia
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Various experimental and theoretical observatidnshemically and phase transforming materials (ile4]) show the
influence of mechanical stresses on the transféomdtont velocity. On the other hand, the straimduced by the
transformations are the source of internal stressel thus, affect mechanical stresses distribufldnis leads to a
complex coupled problem. It is known that in theeaf moving interface a configurational force driythe front is
determined by the jump of the normal component hed Eshelby stress tensor. Recently it was showh d@ha
configurational force driving the chemical reactioont is a normal component of a chemical affirtégynsor (see, e.g.
[3,4] and reference therein). In both cases a kirequation can be formulated in a form of the dej@mce of the
transformation front velocity on the configuratibrfarce. Then the stresses affect the front vejotitrough the
chemical affinity tensor.
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In numerical simulation the front propagation ialized as a front movement in the normal direciomportional to the
front velocity [4]. Various approaches can be uBmdthe realization of humerical simulation. In eepent work we
investigate efficiency of the numerical approaclsdohon isogeometric method [5]. Above-mentionedhogthas
advantages for solving problems of this type, caingawith finite elements method. Firstly, we acl@emuch higher
accuracy with less computational time. Secondlyaiveays know the exact equation of the boundary, aa result —
an exact orientation of the surface element. Nuwdé high accuracy is required for the normal congmbrof the affinity
tensor calculation, especially in case of compleargetries.

We apply the proposed procedure for solving a nurnbeoundary value problems for elastic solidsengding phase
and chemical transformations. We describe propagatansformation front basing on the isogeomedrialysis with
the use of ABAQUS [6] and Nitsche method [7] impetation. Computational results are compared wiiddydical
solutions and reference solutions obtained bydialement analysis.
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STRUCTURAL-MECHANICAL MODEL OF FILLED RUBBER: INFLU ENCE OF INTERPHASE LAYERS

Morozov |.A., Komar L.A.
Institute of Continuous Media Mechanics UB RAS, fas
ilya.morozov@gmail.com

The new structural-mechanical model of filled rublis presented. The model takes into account ther fi
microstructure (including the presence in the niateracks and defects) and interphase interactidhe filled rubber
is modeled as the volume non-uniformly filled wiigid inclusions which are connected by damagealfeerelastic
links. The hypothesis that the polymer moleculesod on filler inclusions in matrix and form intéase layer with
special properties is studied. Three cases ofitkésphase layer with different non-linear disttiba of the polymer
stiffness are modeled and studied: a) the unifdifiness throughout the matrix (i.e. absence ofcgldayer); b) the
polymer stiffness at the boundary with the inclasi10 MPa, and in c) = 100 MPa, and then procéetise matrix by
a nonlinear law.

The modeled structures with random or clusterder flistribution are subjected to fivefold uniaxiahsion. The most
physically adequate description of the behaviathefreal filled rubber gives the case where th@@rties of the layer
are relatively slightly differ from the matrix (elfic modulus of polymer near the surface of indnss 10-times higher
than the matrix). Namely, the model without spelagkrs gives poor reinforcement effect and smgdkdresis loss; in
the model with the hard layers (case c) the matdriahe gaps between filler inclusions start tedk even at small
extensions of the "sample" that does not give puoned stress-amplification effect of the compoaitdiigh strains.
The work is supported by RFBR-Grant 15-08-0388116.

MICROPOLAR MEDIAWITH STRUCTURAL TRANSFORMATIONS — THEORY AND EXAMPLE
PROBLEMS

Miiller W.H., Vilchevskaya E.N.
Berlin University of Technology, Berlin, Germany
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Generalized continuum theories have recently gaimgt attention. The idea is to capture the behrawiohigh
performance materials with an inner structure. Aggions range from the small to the large and Ivevaolids as well
as liquids. For example, micropolar theory emplessthe aspect of inner rotational degrees of freediba material. It
seems particularly suited for applications to sofelycrystalline and composite matter, granulad growder-like
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materials, and even to porous media and foams.

Continuum mechanics of solids is typically formelhtin Lagrangian manner, where the concept of dasinuctible
“material particle” prevails. This requires neighing material particles to remain “close” to ea¢hev during motion.
Traditionally this idea is also used in micropdiaeory: Each material point is equivalent to adigbdy, such that its
microinertia does not change. Consider now a geanomledium during milling. This affects the materrticle,
because its subunits will be crushed and mass amdemt of inertia will change. Consequently, on &mscopic scale
the moments of inertia will change as well. Itas that reason that one should depart from thedragian way and turn
to the Eulerian perspective. Originally the Euler@escription stems from fluids. It does not impesét constraints
on the motion of mass-conserved material pointthétdat embraces the idea of an open system, aillpfar exchange
of mass, momentum, energy, moment of inertia betweelerian cells. Moreover, recently a kinetic egra for
microinertia (the field of the local inertia tenyowas proposed, which in contrast to former theowentains a
production term. For a better understanding of tigi&/ concept an underlying mesoscopic theory wasldped. The
idea is to connect information on a mesoscale Ringathe intrinsic microstructure within a spatiglid cell into
account with the continuum balances of micropotartinua in combination with suitable constitutivguations.

In this presentation we will, first, present foutidas and the underlying mesoscopic interpretatinrparticular, we
will motivate and explain the advent of the kinegiquation for the development of the field for thement of inertia.
Second, various example problems will be examimedrder to show how to use the new approach: (&) of
pressurized hollow spherical particles initiallynmageneously distributed in an isothermal atmosplerkjected to a
barometric pressure distribution, falling down atméreby transporting a flux into new observatiopaints; (b)
Fragmentation of spherical particles in a crusli{e); Change of the state of rotation of a homogesemix of
pressurized hollow spherical particles undergoimpauniform change of external temperature affgctiveir moment
of inertia. Note that within the classical framewaf micropolar theory a change of temperature Wt influence
rotation. Within the to-be-presented theory, howeghanges in temperature will influence the iretéinsor and hence
couple to rotational speed.

The presentation will end with an outlook of howe tdeveloped model can be used for complex engirgeri
applications, which will require a fully numericamvestigation. The problems studied in this talkynpaovide a first
orientation.

THE DYNAMICS OF A ELLIPSOID WITH DISPLACED MASS CEN TRE ON A HORIZONTAL PLANE

Munitsyra M.A.
Moscow Institute of Physics and Technology, Russia

munitsyna@gmail.com

The problem of the dynamics of an ellipsoid ofatmtn with a displaced mass centre on horizontppstting plane
with friction is considered. It is assumed that thass centre of the ellipsoid lies on its symmatig and it is the axis
of dynamic symmetry of the ellipsoid.

It is proved, that the ellipsoid can make such omdi rotations around of the vertical principaltceitlal axes of inertia

of ellipsoid and the regular precessions. The dandi for the stability of these motions on thean@d with viscous
friction are consideredApproximate equations describing the dynamics ofsiteonal processes are constructed. The
corresponding numerical experiments are condudiédticomponent friction case and corresponding dional
processes also considered.

This work is supported by Russian Foundation fosiB&esearch (project 16-01-00338).

THE THERMAL ECHO EFFECT IN ONE-DIMENSIONAL CRYSTALS

Murachev A.S, Krivtsov A.M .22 Tsvetkov D.\
1 - Peter the Great Saint Petersburg Polytechnieddsity, St. Petersburg, Russia
2 - Institute for Problems in Mechanical EnginegriRAS, St. Petersburg, Russia
andrey.murachev@gmail.com

Analytical and experimental studies show that ie thtrapure materials, anomalous thermal proceasesealized,
which are of scientific and practical interest. Bumnequilibrium processes can be caused by theagasof shock
waves or by the action of ultrashort laser pul#eis. relevant to study similar processes in systewntaining a finite
number of particles, especially due to the actimeetbpment of nanotechnology.

High-frequency oscillations of the kinetic temperatin molecular systems are known from the resafitsumerical
simulation a long time. Until recently this phenama did not have a theoretical explanation. The afseorrelation
analysis made it possible to obtain an analytiesicdption of nonequilibrium thermal processesanntonic crystals.
Earlier it was shown that in the case of instantaseheating of a one-dimensional harmonic crystaimped
oscillations of the kinetic temperature are reaiz€his oscillations described by the Bessel funrctivith an index
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equal to zero. In contrast to previous papers, lilcwthe main attention is focused on infinite tals in the present
work thermal processes in a finite crystal are isiid

In this paper, we consider the instantaneous dlyatiaiform thermal perturbation of a finite onenttnsional harmonic
crystal with periodic boundary conditions. An an&lysolution describing the nonstationary processicrystal is
constructed. In the work, we show that for a finitgstal after reaching a certain time, an abruptgase of the
amplitude of oscillations of the kinetic temperatithermal echo) is realized. We can give the Wailhg explanation
for this phenomenon. With instantaneous thermabagcelastic waves propagate to the right anddéftach crystal
particle. In a finite crystal these waves are entened and, due to the linearity of the systemy tire added together.
Since the crystal is originally in a spatially hogeoeous state, the waves from each particle meiftsineously in the
entire crystal. So a sharp increase of the temperaif the system-the thermal echo are causinch Bermal echo is
expressed of Bessel functions.

The abrupt increase in amplitude subsequently scpariodically, with a period that depends on thestal size, and
each subsequent echo is weaker than the previoas Ibis analytically obtained that the change lie kinetic
temperature is described by an infinite sum of Befsnctions with multiple indices, and the thernegho in the
thermodynamic limit is described by the Airy fumsti

ROLE OF POWDER MATERIAL PROPERTIES ON THE PERFORMAN CE OFPHARMACEUTICAL
CONTINUOUS MANUFACTURING SYSTEMS

Muzzio F.
NSF ERC on Structured Organic Particulate Systems
fimuzzio@yahoo.com

After 50 years of stagnation, pharmaceutical mastufing is experiencing unprecedented innovationthke last five
years, the pharmaceutical industry has embracedom-wide transformation from traditional, inefficie batch
methods, to Continuous Manufacturing, which is arering technology that has been shown to greattyce both
the time and the cost of developing and manufagguriew medicines, while enabling significant imprments in
quality and reliability. However, this comes withpaice - the level of scientific understanding riegd to design,
implement, and operate continuous systems effigiénsignificantly steeper than what was requirethe past.

A critical issue is the role of material properti®owder flow properties, density, stickiness, amdtability, all affect
the performance of the process and the qualithefihished product.

The effects of properties, which vary due to beitonsistency in raw materials and to the effectdhefprocess itself,
must be understood and controlled in order to enefficient operation.

In this talk, | will describe methods for predigithe performance of process components and thiensyess a whole
based on material property and process parametasur@aments. | will then describe in some detailcWiproperties
are critical to the performance of the processthedcurrent limitations in measuring them in réalet

BIOMECHANICS OF BONES IN A GLOBAL PICTURE

Nackenhorst U2
1 - Leibniz Universitat Hannover, Germany
2 - Institute for Mechanics and Computational Metba
nackenhorst@ibnm.uni-hannover.de

The bony skeleton is the load carrying structureaminals and humans. Since Wolff 1892 it is knowat tbones
develop continuously to adapt themselves to theham@cal demand, thus it is characterized as a libarécal system.
The behavior of bone adaption and remodeling gatrnamd more scientific interest since aseptic Inmggof bone-
implants has been related to bone remodeling. Hariie element simulations based on rather simplmodeling
theories have already shown a good agreement iiiibhat observations.

Nowadays, bone adaption and remodeling is undearek at three distinct length scales, i.e. atrotgeel, at tissue
level and cellular level, however, a bridge betwdese scales is missing so far, ¢.p. Webster &évi@011. Another
issue is on patient specific predictions for claliosage. Here the total modeling chain has todveldped, stating with
patient’s clinical image data. Open questions fmesre on the individual load history and the grds past surgical
activity etc. In addition, to guide the medical thyca certain probability of the success of a dpetieatment for that
individual should be provided rather than computiegsity fields.

This presentation aims to summarize the stateefthof biomechanics of bones and to provide drrag for future
research directions with a special focus on clinitsmability of the computational mechanics appresciiThe need for
sophisticated modeling techniques and the incotjworanto a probabilistic computational mechanicasnfework will
be highlighted.
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DETERMINATION OF DEFORMATION AND FILTRATION PROPERT IES OF COAL BASED ON
COEFFICIENT INVERSE PROBLEM SOLUTION USING ADSORPTI ON TEST DATA

Nazarova L.AL, Nazarov L.AM2 Vandamme M, Pereira J.-M.
1 - Institute of Mining, Siberian Branch of RAS, $gia
2 - Novosibirsk State Technical University, Russia
3 - Universite Paris-Est, Laboratoire Navier (UMBO8), France
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Designing of optimal borehole pattern and processiequence for preliminary coalbed degassing ierota reduce
sudden outburst hazard, methane content estimbian situ measurements, determination of sorption capaoity f
injection of industrial waste gases in natural seéon gas disposition and environmental situatiopriovement — this
is short list of problems solvable using the datacbal physical properties.

Within the framework of transversally isotropic pefastic model [1] we developed the procedure &tin&tion of
strain properties (radidt, and axialE; Young moduli) as well as permeability of coal matrix based on inverse
problem solution using lab data on carbon dioxidsogption by coal core subjected to constant @wiagdmpression
[2]: radiale(t) and axiake(t) strains of specimern is time).

The two dimensional geomechanical model of theesf@mtioned laboratory experiment with cylindricaksimens
and the numerical-analytical method to solve tha&ted boundary problem based on space coordinate-awieraging
of equations of poroelasticity have been developkomnerical experiments established that:

- the rate of increase @ ande; is governed by the value Kf

- in the course of timey ande, reach permeability-independent steady-state values;

- & ande; are directly-proportional to the volume-averageagtion stress.

The coefficient inverse problem “determination dfas characteristics and permeability of coal atwas
formulated and examined for solvability. The obietfunction F(E; ,E; ,K) was introduced — a relative root-mean-
square deviation of theoretical and experimentalrst. The minimum of providing the inverse problem solution was
found by modified conjugate gradient technique [B]turned out that Young modult,=9.7 GPa, E~=8.35 GPa
(threefold as the values obtained in [2]) and paituiity K=0.000@7 mD (by three orders less of corresponding value)
describe just the coal substance inasmuch asshederes had the pronounced jointing.

The study has been partially supported by RFBRjeBtdNo. 15-55-15046, under RFBR-CNRF AgreemerjéPr
International de Cooperation Scientifique PICS06582
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Log data interpretation for the purpose of poroperoperties revelation and producing zone idertifan, optimized
production planning, preliminary coalbed degassiagprevent sudden dynamic phenomena such as cdabas
outbursts — this far from complete list of problembich solution required the development and irigesion of
adequate models for mass transfer and deformatmereps description in fluid-saturated stratum &eéats element of
hierarchical block-structured rock mass [1]. Pewoh reservoirs in Bazhenov formation are the remtasive example
of a porous—fracture medium. In situ identificatiohsuch structures in the well environment facéficdlties due to
coarse resolution of acoustic well-logging measngintapable to “recognize” particles with lineamdnsion not less
than centimeter [2]. Nevertheless, it is very difft to implement the model of near-well zone, &xample a few
meters thick, composed of such elements in paaticalving to uncertainty of joint physical propestiand high
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dimensionality of current task.

The double porosity model [3] represents a fracho®us rock mass as a continuum with the spegifiperties. This
approach was used to develop the hydro-geomectamiodel of two-phase fluid (water and oil) filtrati and
deformation in the near-well zone based on the eptscof representative equivalent volume [4]. Weestigated
axially symmetrical case “vertical well in horizahtporous fractured stratum” and proposed the maigsemi—
analytical method when the set of filtration eqomas is solved by suitable mesh scheme combined twéthmatrix
elimination method, while the rest system of paastplasticity turns to be solvable by quadratufés irreversible
deformation domain sizR at each time moment is determined from transceangiguation connecting fluid pressure,
rock mass strength properties and horizontal compb® of natural stress field. The numerical experits have
shown that, among other things, at depletion dfRmises with an increase $iand Poisson ratio; water saturation of
the blocks decreases with time due to lower visgadiwater as compared to that one of oil.

The developed model (being supplemented with Acfgrmulas) is also destined for parametric suppbgeoelectric
well log data interpretation to reveal pay zone asiiimate reservoir permeability and porosity.

The authors are grateful for the partial supporbpided by the Russian Foundation for Basic Resear¢Rroject No.
16-05-00573).
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SPECIFCS OF CHARGE ACCUMULATION ON AND TRANSPORT AL ONG THE INTERFACE BETWEEN
A LOW-CONDUCTING LIQUID AND A SOLID PERFECT INSULAT OR
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Today, solid insulation becomes an essential paraoious electrohydrodynamic (EHD) systems witlcr@asing
frequency. It accumulates charge in thin layers iitsasurfaces, which screens the normal compootttie applied
electric field. Moreover, this charge remains melii the tangential field and thus can move. TagieEHD systems
that use solid insulation or to check applicabilitiythe corresponding computer models, one shontterstand the
above phenomena clearly.

In a simple system as «flat electrode — a layepearfect solid insulator — a layer of low-conductiguid — flat
electrode» charge accumulation near the interfddbeolayers proceeds until the electric field le tiquid is fully
screened by the charge. A level of low-voltage cmtiglity may only affect the time of charge accuatidn. This often
causes disregarding of the accumulation and trahppacesses in the computer models of EHD systems.
However, in case of more complicated geometry,efcample, when a hole is made in the layer of solgilation,
depending on the problem parameters, screeningeoélectric field in the liquid may significanthedrease even far
from the hole (at much longer distance than thekttéss of the layer of solid insulation and theetsize).

Thus, the present work uses computer simulatia&acterize the processes of charge accumulatbtransport in
the systems mentioned above and, consequenthkstiee applicability of assumptions that are fredlyemade in
computer models of EHD systems.

DYNAMIC FINITE ELEMENT ANALYSIS OF PEDESTRIAN BRIDG ES

Niemi A.H., Fedorik F.
University of Oulu, Finland
antti.niemi@oulu.fi

High strength of modern building materials allowsbuild pedestrian bridges with increased flexihillightness, and
span length. This leads to smaller natural freqgiesnthat may be close to the walking and runnimgjdencies of
pedestrians crossing the bridge. As a consequemncessive vibrations caused by resonance with dignkrads may
occur. For light bridges serviceability criteriar fpedestrian induced vibrations can become the @mi design
criterion. To avoid over dimensioning of the briddgeis important to use accurate structural modaid realistic
dynamic load models. In this work, we present a patational dynamic analysis of a model bridge ancthgare
different load and structural models.
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VARIATIONAL FORMULATIONS, MODEL COMPARISONS AND ISO GEOMETRIC ANALYSIS FOR
EULER-BERNOULLI, TIMOSHENKO AND HIGHER-ORDER BEAM M ODELS OF STRAIN GRADIENT
ELASTICITY

Niiranen Jt, Balobanov \}, Yaghoubi S. T, Mousavi S.M?
1 - Aalto University, Finland
2 - Karlstad University
jarkko.niiranen@aalto.fi

Boundary value problems of Euler-Bernoulli and Taghenko beam bending models following the strairdigra
elasticity theory [1] are studied for both isotofR2,3,4] and unisotropic [4] material microstrugs.

The problems are formulated within variational SeliGspace settings providing a basis for applyingef element and
isogeometric methods for numerical approximatiofith wigorous error estimates. Numerical convergesmealysis is
accomplished by presenting a series of benchmatigmms for statics and free vibrations.

The role of thickness and gradient parameters ateddo size-effects are studied thoroughly forbisbtropic and
unisotropic cases. In particular, it is shown ttendard strain gradient model of Timoshenko bearffers from the so-
called numerical locking effect which is cured bgposing two different locking-free formulations.

The variational formulation for isotropic Euler-Beulli beams is shown to be extendable to two otfereralized
beam models which follow a modification of the strgradient elasticity theory and a modified cougtiess theory. A
model comparison with observations on the phygicalf the models reveals that the beam models detraie
essentially two different kinds of parameter-demardstiffening behaviour. One of these kinds presidesults in a
very good agreement with the size-effects obseirveaperimental tests.
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PSEUDO 3D HYDRAULIC FRACTURING MODEL WITH ACCOUNT F OR VERTICAL VISCOUS
DISSIPATION

Budennyy S-2, Nikitin R.2, Bochkarev A2, Erofeev A2, Mitrushkin D12, Sitdikov R?, Demo \?
1 - Moscow Institute of Physics and Technology, $fas
2 - MIPT Center for Engineering and Technology
budennyy.sa@cet-mipt.ru

A great number of hydraulic fracturing (HF) modeisists which are differentiated with complexity apHysical
accuracy. Most straightforward 2D models (PKN, KGBdial models) are reasonable while express asatysfirst
estimations fulfilling only as they are restrictedth geometrical shapes significantly and consetjyeare not of
interest in HF design treatment. At the same tifully 3D models or planar 3D models are most adeucmes from
physical point of view but cause great times costsumerical simulation.

Pseudo 3D (P3D) models play a role of compromisedxn two previously examined cases. Key resul®3®d model
fracture growth in multi-layered lithology with fas on proppant transport mechanism and tip-screeare examined
in [1]. To reduce the consequences of assumptiarieus efforts to enhance P3D models are made.[Ry§articular,
pressure profile is assumed to be one-dimensiomlahg the fracture growth direction) within the P3fbdel.
Consequently, the fluid flow in lateral directiom mot examined, viscous dissipation is ignorechis tlirection and it
turns into fracture height overestimating (touglsnesgime is observed only). To enhance the modtloasi in [5]
account for viscous dissipation via so-called appafracture toughness that depends on propagegiogcity on both
lower and upper fracture tips. However, the casgyofmetric three-layers lithology is investigated.

The purpose in the present project is to gener#tieeconcept of apparent fracture toughness fotiiaylered lithology
with arbitrary properties. Numerical results prassgnificant difference in fracture width profiteetween classic P3D
model and enhanced one (about 10% of differencébeaaichieved). The enhancement is demonstratdek iframe of
the problem of unwanted breakthrough layers that iead to water or gas coning breakthrough.
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EFFECT OF INTERACTION BETWEEN ION DRAG AND CONDUCTI ON ON
ELECTROHYDRODYNAMIC PUMPING

Nishikawara M., Shomura K., Yanada H.
Toyohashi University of Technology, Japan
nishikawara@me.tut.ac.jp

Electrohydrodynamics (EHD) flow is induced by Caulm force acting on excess charges in a dieledtrid &ind can
be applied to pumping and heat transfer. Excesgyebare generated by charge injection from artrelde and a non-
equilibrium state of dissociation-recombination difsociative molecules. An EHD pump that utilizée tformer
phenomenon is called the ion drag pump and the tbat utilizes the latter phenomenon the conducpomp.
However, the effects of the two charge generatioenpmena on EHD pump characteristics have not be#iciently
understood. This paper investigates numericallyiriteraction of the two phenomena on EHD pump attarsstics.
The governing equations are the continuity equatibe Navier—Stokes’ equation including Coulomioscé, Gauss’
law and the charge conservation equations. It ssiraed that the injected charges do not affect thsodiation-
recombination reaction. Therefore, three chargeseonmation equations are taken into account to tngatted charges,
positive and negative charges generated by digsmeisecombination reaction. The model detail isganted in Ref.
[1-3]. To obtain the parameter that representsd fiehhanced dissociation, electric field dependeofceslectric
conductivity is measured in laboratory.

Two electrode configurations in two-dimensionalwfl@hannel of 1 x 8 mfare simulated. First one is plate-bar
electrode with a positive plate electrode in ceatat negative (grounded) bar electrodes mountathannel walls, and
the gap between the positive and negative elecdrm@.2 mm. The second one consists of a 0.5 mgtHeand a 1.5
mm length plate electrodes embedded on a wall,thedgap between the electrodes is 0.5 mm. Inlet flate is
imposed from zero to a maximum. Three scenariosraestigated, i.e., only ion drag pump action,yoobnduction
pump action, and both ion drag and conduction paatipns. Working fluid is dibutyl sebacate:§8340.).

The positive and negative charges generated bgliglseciation-recombination reaction are widelyrdisted around the
negative and positive electrodes, respectively. ifjected charge density distribution is signifitarvaried by the
addition of the conduction pump effect. It is caiesed that the flow generated by the conductiongpaffect varied the
injected charge density distribution. The developegbsure increases relatively significantly coradao the case of ion
drag pump action only and compared to the casemduction pump action only. When the ion drag aoddcction
pump actions act simultaneously, the developedspresis augmented and is higher than the sum optessures
generated separately by the ion drag pump actidrtteconduction pump action. The pressure augrientdepends
strongly on the electrode configuration.

This paper investigates numerically the interacti@mtween the ion drag pump action and conductianppaction.
When the ion drag and conduction pump actionsiauilg&aneously, the developed pressure is augmendds higher
than the sum of the pressures generated sepapgtéie ion drag pump action and the conduction paatjon.
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ON POWER TRANSMISSION OF DRIVE BELT AS ROD WITH SHE AR

Eliseev V.2, Oborin E.A?
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evgenii.oborin@jku.at

In the present work we consider the quasistatiblpra of belt deformation and contact interactiothwtiwo equal
pulleys with friction. The goal is to analyse thHteet of belt deformation and elastic microslip thie transmission ratio
in dependence on the applied load (the simpler immidelastic microslip is considered in [1]). Thelbis modelled as
elastic rod, initially having the form of a circlé/e take into account bending, transverse sheatersion as well as
friction between the belt and the pulleys in thergetrically nonlinear formulation.

The problem is solved in two stages. At the fitage we model the fitting the belt on the pulledestermine the stress
strain state of belt, and calculate the contacsqune [2,3]. The difficulties of the nonlinear cacit problem are
overcome by means of computer mathematics. We solsang boundary value problems for the ordinaffectential
equations (ODE) systems by the shooting and fitifference methods.

At the second stage we consider the problem wighpifescribed small pulley rotations and appliedues from the
friction forces. Here we use the equations in vemes [4] superimposed upon the stress state @dtmllat the first
stage. We deduce and solve the linear ODE systathsthve variable coefficients determined earlidneTstate on the
pulleys is described by the second-order ODEsy s$wution allows finding the contact pressure #ntion forces.
For the free spans of belt we formulate and sdieesixth-order problems. Finally the boundary vadugblems for the
sixteenth-order ODE systems is formulated and sbiVes at the first stage, we use computer mathemand
interpolate the complex dependences — the coeffiief the linear equations — by the built-in flioes.
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RELATIVISTIC GRAVITY IN A NEWTONIAN CONTEXT

O'Brien P.J.
Industry Technology Facilitator, Aberdeen, UK
p.obrien@itfenergy.com

Newton’s law of gravity is a non-contact force dfraction between masses transmitted instantangaicsbss empty
space. This is in direct contradiction to Einsgeitmeory of relativity which states that nothinghether a particle,
wave, means of communication, transmission of farcetherwise can travel faster than the speedybf.| However,
even Einsteins’ equations, that describe gravityaagarping of spacetime, reduce to Newton’s equatimr weak
gravitational fields and speeds very much lowenttige speed of light. It must be that Newton'satouns are right,
but their interpretation is wrong.

The simplicity of Newton’s equations combined wilteir accuracy means that this is largely the s@ene teach to
our school children and young university studem&ny general physics books quickly state that 8im’s theory of
gravity is beyond the scope of this book” and miaief introductions to his special theory of reldsi, which excludes
gravity. Indeed, the mathematics that describestEin’s theory of gravity is beyond the reachhaf vast majority of
the world population, and Newtons simple but mesipteted “pull of gravity” persists in its place.

In this context, Gallileo’s “tower of Pisa” experémt as reinterpreted by Einstein unlocks this eatittion. Gallileo
was the first to state that we cannot detect thiéowum straight line motion of a reference framet turns out that
Einstein’s “free falling lift", which links direcil to Gallileo’s “Tower of Pisa” experiment, is ahet frame of reference
whose motion cannot be detected. Together thesdumdamental truths about motion establish thagiple that all
motion is relative, and absolute motion has no rimganin this presentation, the author further usese fundamental
principles to derive a frame-invariant version afWidons classical second law of motion. This redefigravity as a
free-fall motion and not a “pull” force. It also a&lsles the recasting of Einstein’s theory of reltiinto a Newtonian
context and provides a new and simplified meangetch gravity in a consistent manner, thus avoiding
contradiction outlined above. The presentatiorctades that understanding gravity is tantamouninerstanding the
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very nature of motion itself. The author presamsnitial outline of how we might present and tedlais early stage
physics and articulate it to the wider public ie fature.

PROTEIN MECHANICS: FROM AMINO-ACID TO SWIMMING CELL S

Onck P.R.
University of Groningen, Groningen, the Netherlands
p.r.onck@rug.nl

Proteins are often referred to as the building kdaaf life, playing critical roles in almost alltadgties and structures in
life. At the smallest, atomic length scale, protedme made out of amino acids. There are 20 diffexmino acids, each
with their own atomic structure, chemical compasitand physical properties. The amino acids fomg Ipolypeptide
chains consisting of hundreds and sometimes thadssaframino acids. Depending on the specific anaicio-sequence
the polypeptide chains fold into regular structurgsch as alpha-helices and beta-sheets (secosttacgure). At a
larger spatial level of organization, the alphaded and beta-sheets will fold into three-dimenaio(tertiary)
structures, i.e., the actual protein molecule. IRin@rotein molecules can combine to form largetpin complexes
(quaternary structures). In this presentation | take you on a journey through protein state spaddressing three
different biological functions, each with their owime- and length scale: (i) the beating of cilidlagella, hair-like
structures that propel living cells, (ii) the stratiffening of cross-linked cytoskeletal networkisat form the
mechanical constitution of our cells, and (iii)rtsport through nanopores in the membrane of thegeleus.

ON THE MULTI-FLUID APPROACH TO MULTIPHASE FLOW MODE LING IN HYDRAULIC
FRACTURING APPLICATIONS

Osiptsov A.A.
Skolkovo Institute of Science and Technology, Raissi

a.osiptsov@skoltech.ru

The technology of hydraulic fracturing of a hydrdman bearing underground formation is based orciimjg a fluid
laden with rigid particles under a high pressuretfuseveral hundred bar) into the well to creedettires in the porous
medium, which are filled with particles. After teed of pumping, fractures closed on packed gramaserial provide
high-conductivity channels to transport hydrocag@om reservoir to the well and all the way ughe surface. The
well may be vertical (when a single bi-wing fragus formed) or near-horizontal with several peafmn clusters
providing reservoir contact (the so-called multig fracturing in low-permeability formations). Tladter case gives
rise to several transversal fractures.

With respect to different stages of the hydraulacfuring technology, we consider four classes aitiphase flows that
can be modelled within the multi-continua (or miltid) approach [1]. In a more detail, we distiigfuthe following
classes: (i) the flow of suspension of fluid witarficles in a circular pipe at high Reynolds nunsbduring pumping,
(i) the flow of suspension in a narrow verticaldngulic fracture at moderate Re during pumping (&), suspension
filtration through a packed of proppant particlesai closed fracture during cleanup [3], and (iv)tipbhase gas-liquid
flow with admixture of rigid particles in a circulpipe during well start-up, cleanup and testing iwide range of the
Reynolds numbers [4]. We discuss the advantagedimitdtions of the multi-fluid approach based ¢ tsimulation
examples from each of the four classes of multiptilavs, in comparison with simplified semi-empai@pproaches,
e.g. drift-flux model for well flows, the effectivituid model for suspension transport in fracturasd the deep-bed
filtration model. The talk ends up with recommeratad for future research on the topic.
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ON IDENTIFYING ELASTICITY CLASSES OF POLYCRYSTALLIN E MATERIALS

Ostapovich K.V., Trusov P.V.
Perm National Research Polytechnic University, Russ
ostkirvad@gmail.com

An approach to solve the problem of elastic symyéadentification for a generally anisotropic Hookeaolid is
considered. A formal concept of four-rank tens@sslis introduced to provide various elasticitysterclassifications
including the symmetry classification. Given allhgmonents of an elasticity tensor with respect t@uunitrary basis, it
is possible to approximate this tensor by a tefreon a certain class. According to the consideapgroach, the tensor
in question may be refers to this class if thersuish approximation that its residual in the HosKaiv is sufficiently
small [1]. To find the best-fitting approximatioan upper estimation of the residual is to be minégdi A set of the
optimal approximations for each class of interasthien used to form a hierarchy of classes to wthehtensor in
question belongs with the corresponding error.

Stated framework is applied to research elasticnsgtry of single-phased polycrystalline materialsnémerical
criteria to estimate a representative volume ohsuaterial based on isotropic incompatibility af @astic properties in
the case of uniformly distributed crystallites’ emtations is proposed. With the help of the tweelerrystal elasto-
visco-plasticity constitutive model [2] an analysid elastic symmetry evolution for polycrystallineopper’s
representative volume under inelastic loading ifgomed. It is found that under quasi-axial upggftnon-uniform
crystallographic textures resulting in macroscagstic isotropy are possible to appear withingrexess.

This work is supported by the Russian Federationidtty of Education and Science (basic part of #tate task
PNRPU, No. 1208) and the Russian Foundation foidBassearch (grant No. 15-08-0686%-
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ON SIMULATION OF THE ELASTIC BEHAVIOR OF SINGLE-LAY ER MOLYBDENUM DISULFIDE
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This work is devoted to the application of bothl@ter-Weber potential [1] and the pair torqueeistction potential
[2] for the simulation of the elastic behavior ofpaomising two-dimensional material: single-layeplyibdenum
disulfide (SLM0S2). It is well-known that pair fargpotentials are hardly applicable to complexdatj i.e. lattices
having more than one atom in the unit cell. Du¢h® additional terms which stabilize a lattice gtee potentials also
allow us to successfully describe the mechanicearfiplex lattices such as graphene, diamond etc.eMemy in
contrast to the other potentials usually used in, 3. REBO, EAM, SW, torque interactions havelatreely simple
form and their parameters possess clear physicahimg.

A mathematical model of SLMoS2 is constructed ushegmethod of molecular mechanics. The bounddegsfin the
plane of isotropy are eliminated by the introductiof periodic boundary conditions, whereas the ugp® lower
boundaries are free. Due to the nearest neighl@raiction assumption, the equilibrium state issstifeee. Hence, in
order to determine the components of the stiffrtessor, a set of problems in which the materiasubject to a
homogeneous strain field with one non-zero compbisesolved. Note, that the lattice of SLMoS2 isngex, thus, it
is also necessary to calculate the infinitesimaladtice shift for each deformation so as to mainthe equilibrium. It
is demonstrated that the disregard of the subdashift results in up to 20% error in the in-plaglastic moduli,
whereas the out-of-plane moduli are not influenced.
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THE STRUCTURE OF THE INTERELECTRODE LAYERS IN POLAR IZED LIQUID FLOWS IN
MICROCHANNELS WITH THE ION SOURCE AFFECTED BY THE A PPLIED FIELD

Polyanskiy V.A.,_ Pankratyeva I.L.
Moscow Lomonosov State University, Institute of Manics, Russia
ilpan@imec.msu.ru

The interest in electrohydrodynamics of flows ircroi and nano-size channels, which is observeédent years in
the literature, is caused by the need to managmttien of ultrasmall portions of fluids in variodsvices employed in
biological research, biotechnology, pharmacy, maedicand other areas of science. This work is fedus the study of
the influence of strong non-uniform electric fields the ionization processes in partially ionizeglid mixtures as
they flow through plane microchannels. The effectéaised by the action of a non-uniform field on thak
electrochemical kinetics in highly polarized ligsidt moderate values of the Debye number are athlym weakly
conducting chemically reacting environments theliadpelectric field can affect the ionization preseboth indirectly,
through redistribution of reactive charged compdsierand directly, by means of increasing the kinette of
ionization. In the last case, in the near-wall fayaith a strong non-uniformity of the field, bipol structures of
uncompensated space charge are formed, which caffdmted by the applied longitudinal field. Theepence of the
layers with the opposite Coulomb forces brings aliflection points in the velocity profile. Thisay cause instability
of the flow and thereby induce the mixing of theuid in the microchannel.

This work was supported by RFBR, proj@éetl6-01-00157.

THE NON-ISOTHERMAL MATHEMATICAL MODEL OF ION IMPLAN  TATION PROCESS WITH
ACCOUNT OF INTERNAL BOUNDARY

Parfenova E.S., Knyazeva A.G.
National Research Tomsk Polytechnic University, $fas
Linasergg@mail.ru

Each stage of technological and technical developrige directly connected with the improvement ofergional
properties of materials. Vacuum ion-plasma methm@swidely used for enhancing material propertied also for
modifying the surface layer composition [1]. Bugtachievement of extensive experimental resultsires| detailed
theoretical studies in this area.

The treatment of a metal surface by ion beam israpanied by a variety of physical and chemical phesna [2]. It is
known that the particle impact on the target swfeads to the appearance of stresses. The implanfaurities can
meet internal surface separating several areas diffarent structure or orientation. Also it may blee border
separating coating from substrate material. Thatvhy the propagation velocity of mechanical wavegransition
across the border is changed. As a result, theetration wave velocity is changed too. In [3], theeraction of
impurity diffusion and deformation was studied. Hawer, the mathematical model in this work does ta&e into
account the change of the substrate temperatunegdurocessing.

The paper is aimed at investigating the initialgst@f ion implantation process into target with towa The model
allows considering the processes occurring afteréiction of ions flux with target surface. Assuthat ions have
sufficient energy for generation mechanical pertidns.

The work was supported by RFBR, grant No. 16-010806
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NONLINEAR WAVES IN MICROSTRUCTURED MEDIA

Erofeev V.I., Pavlov I.S.
Mechanical Engineering Research Institute of thedrRun Academy of Sciences, Nizhny Novgorod, Russia
ispaviov@mail.ru

Creation of advanced structural materials with waliproperties is a very urgent scientific probleinthe XXI century.
Prediction of the characteristics of these materaid behavior of products from them necessitatasomtion of
structural models, which, in contrast to phenomegichl models, enables one to establish the ilédiva between the
macroparameters of a medium and parameters ofdétestructure.
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A two-dimensional model of a monolayer granular med (composite material), which represents a sqlettee
consisting of rigid spherical particles, is dis@gé this work. Each particle of this lattice tss degrees of freedom:
three translational and three rotational ones. Jpece between the particles is a zero-mass elastittum through
which force and moment interactions are transltitatiare modeled by elastic springs.

The nonlinear differential equations describinggagation and interaction of waves of different &y this medium
have been derived. Dependence of the coefficientisese equations on the microstructure paramégseen found
in the analytical form. It is shown that in the liimg case, when the planar particles vibrate dnlypne plane, the
obtained dynamical equations degenerate into tbeiqusly derived equations for the dynamics of aasq lattice
consisting of round particles, which, in its tucejncide with the equations of the two-dimensio@abkserat continuum
consisting of centrally symmetric particles.

For the case of a chain of round particles withoaot of cubic nonlinearity in the governing equasip numerical
investigations of counter and passing interactafrstrongly nonlinear soliton-like subsonic and etgonic waves have
been performed. In particular, effects of splittofgsupersonic solitary waves are demonstrated.

The research was carried out under the financigpmart of the Russian Foundation for Basic Resedpechjects NN
15-08-01836-a, 16-08-00971-a, and 16-08-004Y.6-

STRESS-LIFE CRITERIA FOR FATIGUE ASSESSMENT OF STRUCTURES: ADVANTAGES AND
DRAWBACKS

Petinov S.\}2, Melnikov B.E!?
1 - St.Petersburg Polytechnic University, Russia
2 - Institute for Problems in Mechanical EnginegriRussian Academy of Sciences, Russia
sergei.petinov@gmail.com

Presently in rules for fatigue assessment of séewl,in particular, welded structures in differesthnologies subjected
to intensive alternating service loading the Stldfs (S-N) criteria are recommended in several sia@rs of
approaches. These are the Nominal stress appreael lon typifying welded joints and representinigyée resistance
of the joints by classed S-N curves; the Hot-spiiss approach focused on evaluation of «struciwstiess by the
means of finite-element analysis (FEA) and the Retiress approach based on the FEA-based assessntiemtocal
stress caused by the geometry of structural datagilthe weld shape. The criteria and approachesderassessment of
fatigue properties of structures, however, accongghwith a series of approximations and uncertamtirhe nature of
drawbacks of the S-N criteria and approaches isnoemted and feasible means of improvement the fatagiteria
evaluation and applications in fatigue assessmamteplures are proposed.

PROPERTIES OF TURBULENCE DRIVEN BY RANDOM EXTERNAL FORCE IN THE MODIFIED KLB
MODEL

Petrov V.E.
Kutateladze Institute of Thermophysics SB RAS, Russ
petrov@ itp.nsc.ru

Two models for quasi 2D turbulence with globalatean are used: 1. model of decaying turbulence?l]model of
forced turbulence[2]. The paper presents the regiflthe second model with random external forcERRassuming
that REF is a) small-scale, b)short correlatedniret  and c)statistically homogeneous in spaég[New element
introduced in the paper is REF that allows obtajrsolution corresponding to statistically statignturbulence with
global reaction. The model of inverse cascade thithlarge-scale dissipation mechanism (modificatibKLB model

[7]) is used. The properties of turbulence drivey random external force in the modified KLB modéth global

reaction are investigated . It is assumed thdiulence is weak as compared to the mean flow lamdNavier-Stokes
equation is linearized.
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CARBON DIOXIDE SPLITTING USING NANOSECOND PULSED CO RONA DISCHARGE

Moss M.S%, Yanallah K?, Allen R.W.K1, Pontiga F.
1 - Dpt. of Chemical and Biological Engineering,itdsity of Sheffield, UK
2 - Dpt. de Physique, Université de Tiaret, Argelia
3 - Dpt. de Fisica Aplicada Il, Universidad de $ayiSpain
pontiga@us.es

Carbon dioxide is usually seen as an unwanted ptpdue to its implications on the global tempemtuse of Earth.
However, new emerging technologies envisior, @®issions from waste gas streams as a feedstotkefsynthesis
of green chemicals. In this context, the reducérCO, molecules using non-thermal plasmas can be phatigu
efficient, since the electron temperature can lrg etevated. Additionally, cumulative vibrationataitations of CQ
molecules can result in a highly energy efficidapsvise towards dissociation.

In this work, the decomposition of G@sing pulsed corona discharge is experimentallgstigated. The production of
molecular species (CO,»00; and GO), radicals (O and C) and vibrational excitedestaif CQ was simulated using a
combination of a 1D and a 0D model. The 1D modelutates the propagation of a single pulsed disehaagd their
results are used in the 0D model to simulate thsmpa chemistry of corona discharge over long tirB&periments
were carried in pure CQand its mixtures with argon at different gas flmates, using a coaxial wire-to-cylinder corona
discharge reactor 30 cm long. A tungsten wire, wattius 125um, was used as the corona electrodes, while ther out
electrode was a stainless steel cylinder, withusdi7 mm. A high voltage pulse generator was useghéergize the
inner wire, and the discharge current was measwuitbdthe help of a wide band current transformdre production of
carbon monoxide resulting from the decompositiorcarbon dioxide was analyzed by means of a Fotnagsform
infrared spectrometer ex situ.

The results of this investigation have shown thatdtructure of the high voltage waveform, whicleasstituted by a
first nanosecond sub-pulse of high amplitudel{ kV) followed by a series of smaller sub-pulseas important
implications on the kinetics of GQ@lissociation. The best absolute conversieb4®o) was achieved in a gas mixture of
10% CQ — 90% Ar, although the best energy efficiene$(%) was obtained when G@nd Ar were in the ratio 1:1.

DISSOCIATION OF CARBON DIOXIDE USING PULSED DIELECT RIC BARRIER DISCHARGE

Pontiga P, Moreno H?, Fernandez-Rueda ¥ Yanallah K?, Moss M3
1 - Dpt. de Fisica Aplicada Il, Universidad de BayiSpain
2 - Dpt. de Physique, Université de Tiaret, Argelia
3 - Dpt. of Chemical and Biological Engineering,itrsity of Sheffield, UK
pontiga@us.es

The responsibility of carbon dioxide emissions be global temperature rise of Earth has boostedabearch in a
variety of promising mitigations technologies. hat frame, the reprocessing of £aing non-thermal plasmas has the
advantage of producing valuable chemicals whichlmaof interest to the industry. Different plasmarses have been
applied to this end, like microwave discharge, oaralischarge and dielectric barrier discharge (DBD3ually,
dielectric barrier discharge is powered by AC wgdtaoperating at frequencies up to a few tens . iddsubstantial
part of the electrical energy is wasted in gasihgathus limiting the energy efficiency and th@guction of valuable
species, like ozone, which is rapidly decomposdugit temperatures. In contrast, nanosecond-pulgectric barrier
discharge injects high amounts of energy into fstesn in short pulses, thus avoiding gas overhgatinthe present
study, a high voltage nanosecond pulse generatobdan used to power a planar DBD reactor, with letéctrodes
covered with a dielectric glass. The dissociatiorC®, and the production of CO and; @t different gas flow rates
have been measured by means of UV and IR spectiapktry. Using a fast current transformer, the entrintensity
was measured in order to evaluate the electricaiggnconsumed in the reactor. Then, the energgiefity of the C@
dissociation process has been evaluated. The sesbttined have shown that the CO andp@ductions using
nanosecond-pulsed DBD are significantly higher thsing conventional AC DBD under similar operatoapditions.
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LOCAL AND NONLOCAL MODELING OF SQUARE LATTICE

Porubov A.\A?, Osokina A.E, Michelitsch T.M3
1 - Institute for Problems in Mechanical Enginegri8aint Petersburg, Russia
2 - St. Petersburg State Polytechnical UniverSiaint Petersburg, Russia
3 - Institut Jean le Rond d’Alembert, Universit&fPg et Marie Curie Université, Place Jussieu,
Paris cedex 05, France
alexey.porubov@gmail.com

A generalized two-dimensional square lattice madetonsidered with additional long-range interatsicbetween
particles. The elastic forces between the paditiethe lattice are assumed to be nonlinearly niéget on the spring
elongations. An analysis of the linearized disereguations reveals an influence of long-range aodlocal
interactions on the shape of dispersion relationo#parison with the cubic crystalline model in toatinuum limit is
used to study an influence of additional interatiio on an auxetic behavior. An asymptotic procecamd the
formalism of the operators of the shift are devetbpo obtain continuum two-dimensional nonlineaunagpns to study
weakly nonlinear plane longitudinal and shear stmaves disturbed in the transverse direction.dpéfit character of
the transverse instability for both types of #ti@in waves is studied, and the coefficientsigitlity responsible for
instability are revealed. Amplification and localtion of nonlinear strain waves are studied onbihss of the model
equations derived.

The work of AVP and AEO has been supported by tlesidh Foundation for Basic Researches, grant N®1-7
00230-a.

HYDRODYNAMICS OF ONE-DIMENSIONAL PARTICLE SYSTEMS

Posch H.A.
University of Vienna, Vienna, Austria
Harald.Posch@univie.ac.at

One-dimensional particle systems are known to rmmalous with respect to the dynamics of their bgginamic
conserved fields and their related currents. Wéere\ssome of the predictions of mode-mode couplimgpty and of
exact results by Préahofer and Spohn [J. Stat. Phgk.115, 255 (2004)] to derive asymptotic expiess for the time-
correlation functions of the hydrodynamic modes Hradr currents. These results are compared tosxte computer
simulations for two simple fluids with non-linedr@t-range interactions.

SOME PARADOXES OF MATHEMATICAL THEORY OF CONTINUES MECHANICS AND OF KINETIC
THEORY

Prozorova E.
Mathematics & Mechanics Faculty, St. PeterburgeSthtiversity University, Russia
e.prozorova@spbu.ru

The paper presents an analysis of mathematicabgjppations underlying description in different emmriments, and
will present new models. The self-diffusion andrtho-diffusion which were foretold by S. V. Vallard is obtained
from kinetic theory for rarefied gas. The classiegentation continuum mechanics do not preservedhgnuity of the
environment due to the use of the conditions oflémjium of forces and the symmetry of the stremssor.

Our stress tensor is not symmetric. Besides, thayderocess is counted, which is important in déswg of the

discrete space and in describing the relaxatiorthef complicated molecules. The analysis of the roing the

Lagrangian function for the collective interactiohthe particles is made with counting of changpugition of the
inertia center. From these equation should hamedified Liouville equation and the Boltzmann etjpra. General
consideration of all effects gives us cumbrouseysdf equations. The simplest interaction of twanbgeneous flows
is studied which move in the same direction akedéht speeds.
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CHARGE ACCUMULATION AND DISSIPATION IN MICROMETER S IZED POWDERS

Quintanilla M.A.S., Perez-Vaquero J.
Universidad de Sevilla, Faculty of Physics, Departitrof Electronics and Electromagnetism, Spain
quintani@us.es

When moving, dry particles tend to acquire electi@rge due to collisions between themselves ahdr atolid
surfaces, in a process called tribocharging. Pexlithere is enough number of collisions in a shordunt of time, the
charge accumulated can be high enough to constideslectrostatic hazard. However, when the pestiinally come
at rest, the electric charge tends to dissipaten évthe particles are made of insulating matetiafact, in general the
time it takes for the charge to dissipate is muudrter than what it would be expected from thetelesd conductivity
of the material of the particles. In this work, peesent a model that describes the discharge ofvaqr layer formed
by the settling of charged particles based on gsaimption that the settled powder has an effectreluctivity. We
compare the model with the results of an experirirenthich particles are charged and collected fiaeaday cage. The
value of the conductivity that the model requiresntatch the experimental results is compared with electrical
conductivity of the bulk powder measured directly.

FLOW OF ELECTROLYTES INDUCED BY AC ELECTRIC FIELDS IN MICROSYSTEMS

Ramos A.
Universidad de Sevilla, Spain
ramos@us.es

The manipulation of small fluid volumes in microsgsms is of great interest for the lab-on-a-chight®logy. This

technology seeks to integrate biochemical laboyafanctions on a single chip with the intention athieving

automation and high-throughput detection. The uUselextrical forces for liquid handling in microsgms has the
advantages of voltage-based control, no movingspartd dominance over other forces.

DC electric fields have been widely used in micetegns for manipulation of particles and fluids, tigaitarly, by

employing electrophoresis and electroosmosis. Hewethe high voltages required generate elect®lgsid the
electrodes must be placed outside the device. Mlectrodes mounted inside the microchannels caenbegized by
AC voltages, generating high electric fields, witle advantages of lower power requirements, sinmgration, and
little or no electrolysis. In addition, electrigatoperties of fluids and particles depend on fregyeof the applied AC
signal, which opens new ways of actuation, sugbeaticle, and fluid, dielectrophoresis.

This talk will deal with the flows of electrolytdbhat are generated by AC electric fields in micstegns. These AC
fields can actuate either in the liquid bulk (e.glectrothermal flows), or in the double layer attat-electrolyte
interfaces (e.g. AC electro-osmosis). In bothesashe applied electric field induces charge actdages on this
induced charge. Therefore, the electrical forca guadratic function of the electric field ampligydvhich has a non-
zero time-average for AC fields. In the liquid bufkrces in electrolytes arise from the action ofedectric field on

inhomogeneities in the liquid conductivity and pétivity. These inhomogeneities can be induced éwmperature
gradients, or at the interface of two-phase flowshe double layer, flow is usually generated whamAC electric field

is both charging the metal solid/electrolyte irted and acting upon this double-layer induced eharpe force that
the tangential component of the electric field éxen the double-layer charge generates the flaig, kknown as AC
Electro-osmosis or Induced Charge Electro-osmosis.

ELECTRO-ROTATION OF SEMICONDUCTING PARTICLES

Garcia-Sanchez P., Ramos A.
Universidad de Sevilla, Spain
ramos@us.es

AC electrokinetics of small objects in micro-systens of great interest for the lab-on-a-chip anchamaaterial
technologies. In particular, the electrical chagaeghtion and control of semiconducting micro- amaho-particles
suspended in electrolytes is important becausecesmmliicting nanowires and nanotubes are extenssteljied in
many areas of research for their potential useskasors, building blocks in novel nanocircuitsfasrthe absorption of
light in solar cells by means of a dense arrayasfawires.

In this work, we study the electrorotation (ROT) sfmiconducting particles, i.e. the constant rotainduced on
semiconducting particles when subjected to a rigagiectric field. We examine theoretically the plegl mechanisms
responsible for the electrical rotation of semiagetthg spheres and nanowires suspended in andigetas a function
of frequency of the applied ac electric field. Tae electric field interacts with the induced changehe electrical
double layer at the semi-conductor-electrolyterfatee, causing rotation due to the torque on tlkeiéed dipole and
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due to the induced-charge electro-osmotic (ICE@yfaround the particle. Here we take into accobat the double
layer between semiconductor and electrolyte is &atioy two charge layers with finite lengths: thebige layers on the
electrolyte and semiconductor sides. In general] R@ectra of semiconductors show two peaks: ongiymwand one
negative. These peaks represent particle rotaitbaran the same direction of the electric fietdation (co-field ROT)
or in opposite direction (counter-field ROT). Thidfetences in ROT between thin and thick doubleelaywill be

highlighted.

DRAG REDUCTION ON A CIRCULAR CYLINDER BY CORONADIS CHARGE

Renev M.E., Safronova I.F.
St. Petersburg State University, Russia
firebom@mail.ru y.safronova@spbu.ru

Improvement of aerodynamic characteristics is gooirtant problem of applied aerodynamics. Therevar®sus ways
to change wake structures of solid bodies. Onéerhtis using a corona discharge. Near the groubligidbody a thin
wire is placed. When the high voltage is appliedh® wire, the corona discharge occurs. Generatdtidhcorona ion
wind can significantly change the wake structurbisTtechnique has many advantages: it is simpleusty cost-
effective, without moving parts.

In this work, we carried out computer simulationpafsitive corona in a system of electrodes cylindiee and the
ionic wind produced by the discharge. Mathematioaldel of corona discharge includes the Poissonistam for
electric field, the Nernst equation for concentmtof positive ions and the Navier-Stokes equatfongyas flow. We
use original unipolar model with the boundary cdodi in form of the flux density rate of positivenis. The input
parameters of the model include known physical tties, amenable to independent measurement: thigaition rate,
positive ion mobility and diffusion coefficient, ghcritical number of ionization collisions requirddr discharge
ignition.

The system of electrodes was placed in a model windel with a given free-stream velocity. The wivas located
behind the cylinder at a distance equal to theusadf the cylinder. The flow regimes with Reynoldsmbers up to
7880 under which is formed the Karman vortex stigete considered. The flow generated by coronahdige at
voltages to 21.2 kV was investigated. In addititwe, drag force acting on the cylinder for differentona voltages was
calculated.

The simulation showed that using the corona digghaould affect the periodic character of the Karmartex street.
The discharge was able to significantly reduceftbguency of vortex shedding behind the cylindempared with the
Karman vortex street without discharge. Thus athhigltages, the vortices could accumulate a largguiar
momentum, because the ionic wind was pressing tbethe cylinder’s surface.

The drag force was mainly determined by the prestuthe cylinder and had a periodic characteras shown that
for the studied conditions, its mean value depdimésirly on the discharge voltage. As the voltaggréases, the force
of drag is significantly reduces.

EXPERIMENTAL VERIFICATION OF THE COMPUTER MODEL FOR  SIMULATION OF WATER
DROPLET ELECTRICAL COALESCENCE AND NON-COALESCENCE

Reznikova M.P., Lashko A.V., Chirkov V.A.
St. Petersburg State University, Russia
m.reznikova@2015.spbu.ru

Electrocoalescence is the process of combiningdineluctive (water) droplets suspended in a dietetitjuid (oil) by
the electric field. The reverse situation is pogsitwhen conductive droplets in the electric figlce repelled; the
process can be called non-coalescence. The stuthegfrocess of transition from coalescence to cualescence is
not only of scientific but practical importance fine development of efficient electrical dehydratdhe devices that
are used to extract dispersed water from the coild&he main principle of operation of the devidgshe effect of the
electric field upon emulsion, which is followed bgposition and coalescence of water droplets. Hewelesigning
such a device is difficult because of the lack aklable computer model, which allows investiggtihe process in
detail. In view of this, the study aims to expenmaly verify a computer model that can explain taise of the
transition from the coalescence to non-coalescence.

The work was carried out on the basis of comparifaxperimental research data on coalescence@mdaealescence
with those of computer simulation. The simulatioaswconducted in COMSOL Multiphysics software paekaging
the phase function method. The experimental stugly eonducted at the setup, in which edge effects wxcluded to
the maximum and which used liquids with known prtips and parameters that entered the computerimode

As the result of the study, the experimental dataldaas been collected and used to carry out thficaion of the
computer model.
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ACCELERATED NUMERICAL SIMULATION OF SEISMICITY ACCO MPANYING HYDRAULIC
FRACTURE AND MINING

Rybarska-Rusinek E. Rejwer EL, Linkov A.M.12
1 - Rzeszow University of Technology, Poland
2 - Institute for Problems of Mechanical Enginegri®AS, Russia
rybarska@prz.edu.pl

Numerical simulation of seismic and aseismic evénts modern means to increase understanding, gmira design,
to conclude on the state of rock mass and to comiiring and oil, gas and heat production. Pregeth# simulation is
quite time expensive because of two bottle-necke flrst one is common for any problem of continuomachanics
involving the need to solve algebraic systems Veithe number of degrees of freedom (DOF). It isroeme by well-
developed approaches, which employ either sparggcemin methods like finite elements, discretengnts, finite
differences, molecular dynamics, etc., or fast ipales in methods like the boundary element method.

The second bottle-neck is specific for numericadeiimg of seismic and aseismic events. It is causethe need to
account for the influence of a large numb&rof already activated flaws (sources of eventspdarge numbeN, of
flaws, which may be activated by events of the grilt The total number of arithmetic operations onnaetistep,
being proportional t?a X N, this leads to extreme time cost when the numigendN, are of orders used in practical
calculations (hundreds and thousands). Our obgdito overcome the difficulty.

The approach developed reaches the objective byoging the fact that mutual influence of flaws deases as R?
when the distancB between flaws grows. This suggests following the bf the fast multipole methods, which employ
the same feature. Firstly, we build a hierarchtoa¢ of octants with sides decreasing a$ @f2then-th hierarchical
level. Secondly, we properly account for the intioan between flaws on successive levels. As dtrabe time needed
to account for interactions drastically decreases.

Examples illustrate the improvement provided bydheelerated method. We re-visit problems of hylirdtacturing
and mining, for which simulations of seismicity leakieen performed in the papers [1] and [2], respsgt When
modeling seismicity accompanying the propagatioradiydraulic fracture [1], the time expense for wdation of
events on a propagation step of 10 meters decrdagedrders, as compared with non-accelerated ctatipn. Of
importance is that the number and locations of kited events practically coincide with those oledirwithout
acceleration. Similar speeding up without distartaf simulated events is observed for the miningbfam discussed
in [2].

We conclude that the method developed is quiteiefft. It is implemented in the code SEISM-3D-FABEing
combined with the mentioned accelerated method®lving systems with large number of DOF, it pr@gda tool to
simulate seismic and aseismic events in real timeamventional laptops.

The authors appreciate the support of the Nati®@zénce Centre of Poland (Project Number 2015/197B/00712).
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COMPUTER SIMULATION OF DYNAMICS OF THREADING DISLOC ATIONS IN POROUS EPITAXIAL
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The study of microstructural changes in crystalinaterials is one of fundamental problems in makescience and
micromechanics of strength and plasticity. Onehefiractical tasks of great importance in thigdfislto find the most
effective way for reducing the density of defectdheteroepitaxial materials. This mainly concemsalled threading
dislocations (TDs) which are formed during the &g#l growth and strongly deteriorate the condectand
optoelectronic properties of device heterostrusturased on IlI-nitride semiconductors (in particu@aN) [1,2]. An
effective way to reduce the density of TDs is therfation of intermediate porous GaN layers. Experital research
has shown that the use of porous substrates leasigrificant decrease of TD density in growing Gfiliss [3-6].
Nevertheless, the effect of porosity on the evolutf TDs in GaN layers and its theoretical dedipis still quite far
from total clarity. Only in the most recent yeats first physical models which describe the evolubf TD density in
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GaN layers were developed [7-10].

The aim of the present work is to shed some lighth@ behavior of TDs through computer simulatigrthe method
of 2D discrete dislocation dynamics. Using thisrapgh, we suggest a computer model which cleamyahestrates the
collective behavior of TDs in the vicinity of poresa strained growing layer of GaN. Within the rabdhe pores are
considered as cross sections of cylindrical caviglastically interacting with unidirectional pdealedge dislocations,
imitating TDs. As a result, temporal dependencesarrdinates and velocities of the dislocations atvéained. A
special software interface is elaborated which e the visualization of the current structuretiod dislocation
ensemble at any time. It is shown that the demditfinal dislocation structures essentially depeadshe ratio of the
area of the pore cross section to the area of ationl box. For example, when the surface fractiopaoes on the layer
surface reaches 6% and 25 %, the final dislocatérsity decreases 2 and 5 times, respectively.

This work was supported by the Russian Sciencedatiom (grant RSF No. 14-29-00086).
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ON THE REGIMES OF AVERAGE FLOW APPEARING IN AN ELAS TIC OSCILLATING SPHEROIDAL
CONTAINER

Sabirov R.R:2 Subbotin S.\
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The work has the aim to investigate the behaviarisifous liquid in spheroidal cavity with elastialunder the action
of periodic deformations in a wide range of dimengtss frequencies of vibrations The intensity and structure of
averaged motion of liquid generated in the castgiétermined by the amplitude and frequency ofatibns.

It is known that the vibrational action is ablegenerate the averaged flows in liquid. The meclmarisemergence is
described, for example, in [1]. In a viscous flascillating near the rigid boundary the averageav§l appear in a
Stokes layer [2] and then generate the secondawy ifh the volume of the cavity. In a range of loimdnsionless
frequency, when the Stokes layer is thick with es$po the cavity size, the primary flow in a foaha pair of toroid
vortexes occupies the whole volume of the cavitihWicreasing the dimensionless frequency theadtaristic size of
primary vortexes decreases. Simultaneously in ¢éinéral area of the cavity the secondary flows apfée intensity of
secondary flow increases with increasing the dinoeess frequency. In a range of high dimensionfesxguency (thin
boundary layers) the secondary vortexes occupymiae volume of the spheroid. It is shown that Hedocity of
liquid in the secondary flows is determined onlythg pulsating Reynolds number. In a range of Yégh values ofy
the instability of flows in the vortexes is obsedve

The research was supported by the RFBR (projecflBk81-60099 mol_a_dk).
References
[1] W.L.M. Nyborg. Acoustic streaming, in: W.P. Mas (Ed.), Physical Acoustics, vol. Il B, AcademiceBs, New

York, 1965, p. 265.
[2] H. Schlichting. Boundary Layer Theory, McGrawHNew York (1968).

88
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In this study, Thermally Expanded Graphite (TEG})waed as reinforcing nanofiller in a fluoroplagfd FE) polymer
matrix. The aim of the present work was to deteentire impact of TEG on the structure, on the thépraperties and
on the degradation process of the obtained polyrarocomposites. The latter were prepared by manilig, with
TEG particles loading of 2.5 wt%, 5 wt%, and 10 wiPhe structural properties of the PTFE/TEG contegsiere
then investigated using X-ray diffraction (XRD) aimfrared spectroscopy (FT-IR). Subsequently, tiegrhal stability
and degradation kinetics of the composites werdiestiuthrough differential scanning calorimetry (DSd thermo-
gravimetric analysis (TGA). The influence of thengerature during milling was considered as welll{ng at 23° C
and 160°C). The results reported that milling ghhiemperature enhanced the dispersion of the landrfiside of the
polymer matrix. Furthermore, the concentration BGT'was found to impact the increase of the glagsg@ transition
temperature. This confirms that the degradatiothefstudied nanocomposite occurs at a relativejdri temperature
with a greater TEG loading; displaying the potdrafal EG to improve the thermal properties of flaplastics.

THE OPPOSITE MODE OF STREAMER-TO-LEADER TRANSITION

Samusenko A.V., Stishkov Yu.K.
St.Petersburg State University, Russia
a.samusenko@spbu.ru

Test with standard lightning pulse impact are galheraccepted for high voltage constructions. Streaform of
discharge occurs in air under such conditions.a8tex is a channel of low-temperature (non-equilim)i plasma
growing due to intensive ionization at the tip lo# thannel. Streamers do not lead to breakdowlfi dise to their high
electric resistance. Breakdown demands that plasamesfers to high-temperature (equilibrium) stassually this
transfer follows streamers closure of the electnpalie Solid dielectric barriers are used to stwpasners and increase
breakdown voltage without lengthening interelectratistance. An important topic is — how geometacapmeters of
solid dielectric parts influence on breakdown vopdta

Two breakdown cases should be distinguished. Tinplsr one may be called “enveloping breakdown’tHis case
streamers turn when coming up to the barrier sarf&eaching the edge of the barrier streamerséagain: in the
direction to the opposite electrode. Breakdownagstincreases because the air path between thmdiEslengthens.
In this case the main way to increase breakdowiagelis to increase the barrier diameter or toterélabyrinth
insulation”.

The second case is present when air path betweetragles in long enough. Experimental data areepted which
prove that a pair of high temperature plasma char{tfleaders”) form without streamer closure undech conditions.
It gets possible due to intensive heating of stexaohannels by capacitive (non-closed) currentggiig barrier
surfaces. This mechanism may be called “oppos#téddes”. Some types of creeping discharges may hiestemce of
this case.

The experimental investigation is implemented ifmesp-sphere and sphere-plane electrodes systerhsplaihe
dielectric barriers. Photographs of streamer digghand breakdown are analyzed as well as curssmiltagrams. Also
surface charge on barrier surface is visualizegetadditional information about discharge struetur

A character of barrier parameters influence onkatean voltage is crucially different in these twases. That is why it
may be of interest for high voltage insulation depers.
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EFFECT OF CONTACT ORIENTATION ON ULTRASOUND VELOCIT Y IN MAGNETIC POWDERS

Ruiz Botello F, |Castellanos Mata A.Sanchez Quintanilla M.A.Grekova E.PB, Tournat \A
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2 - Institute of Problems in Mechanical EngineeriRgssian Academy of Sciences, Russia
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We study the sound propagation velocity of P-wanaganular media made of micrometer sized matmnptrticles of
different particle sizes when a magnetic field jppleed. The sound propagation velocity is measwgdhe time of
flight of a short pulse centered at 20 kHz. At théequencies we do not observe the wave dispeisitie sample. In
each experiment, the material is initialized byidization to allow the particles to rearrange thedsitions. The
magnetic field is applied either after fluidizatistops and particle settle or while the matesadtill fluidized. Both

procedures result in different particle arrangemethtat depend also on the relative orientatiotheffield with respect
to the fluidizing gas flow direction (vertical). flBrences in the initialization procedure and tagnetic field intensity
and orientation change the sound propagation uglatithe material, increasing the sound propagatielocity when
the magnetic field is applied parallel to the sopndpagation direction and decreasing it whenntiagnetic field is
applied perpendicular to the sound propagationctor. The relationship between the changes in pghsicle

arrangement and the sound propagation velocitiseaidsed using effective theory medium (EMT).

This work has been partially funded by Spanish Gowent Agency Ministerio de Economia y Competisididproject
No. FIS2014-54539-P) and by Junta de Andaluci&utz also acknowledges financial support from timéversity of
Seville (Spain) through the FPI-2012 PhD grant.

THERMOELASTICITY OF MICROPOLAR THIN PLATES

Sargsyan S.H., Aslanyan N.S.
Shirak State University
asnaira73@mail.ru

In the present paper three-dimensional theory efitioelasticity of micropolar body is introduced fidth in the form

of differential equations with boundary conditicarsd in general variational form. Hypotheses metl2pds developed

during the construction of general applied theomé micropolar elastic thin plates and shells. lggp theory of

thermoelasticity of strain stress state and bendefgrmation of micropolar thin plates is consteacon the basis of
the accepted hypotheses both in the form of diffémeequations with boundary conditions and inegahvariational

form. Problems of bending of micropolar rectangwdad circular plates are studied on the basis ®fcthnstructed
applied theory of thermoelasticity of micropolamtiplates. Numerical solutions of the stated protsleare obtained.
With the help of the analyzing of these numerieauits effectiveness of the micropolar materiathef body is stated
from the point of view of its rigidity compared Withe classical material.
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INSTABILITY OF SHEAR FLOWS IN THE NANOMETER WAVELEN GTH RANGE
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The phenomenon of Kelvin—Helmholtz instability (KHiccurs in many natural and industrial procesaepresent, an
interest in the study of instability increases @migection with its manifestation in the preparatidrsurface nanolayers
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and the behavior of materials under severe pldstiermation (SPD) [1]. The active research of tiseasity influence
on the maximum perturbation growth rate is recéhese studies find the influence of the viscositytlee growth rate
of maximum perturbation. However, the numerical lgsia of the dispersion equation for the viscousl arsco-
potential model of KHI is previously conducted, ahé mode in which the decrement dependence owakelength
has two maxima is found. Therefore, the viscosiy fundamentally change the nature of the decredepgnding on
the wavelength. In this context, the aim of thigkvis to determine the range of parameters thatvaethe existence of
the second maximum[2].The mathematical model ofmfdion of nanostructured layers based on the oecoer
conception of flow instability of materials undamerplasic deformations have been developed. Therdence of a
instability decrement on a wavelength which has pgaks was determined. The first maximum is at Veamgths of
100- 400 nm, the second one is at 1 — 10 um. Itfaasd out that with increasing the speed the sgaoaximum
disappeared, and the first one offset in a wavelemgnge <100 nm. Analytical dependences of the immax
decrements of instability on the parameter valuesevebtained. The value range of velocities andrkitic viscosities
was determined, where the bimodal instability oflMite- Helmholtz took place.Conducted parameteraratof
experimental data on the disintegration cementaygrs of steel during SPD and the values of effectiscosity. Of
discrete-lattice models the formula for the theioedtviscosity of the fluid. Specify the ranges mdrameters under
which the viscosity match.
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ON THE REPULSION OF SOLID, OSCILLATING IN FLUID, FR OM THE RIGID BOUNDARY. THE ROLE
OF THE AMPLITUDE OF VIBRATIONS

Schipitsyn V.D., Vlasova O.A.
Laboratory of vibrational hydromechanics. Permé&tatimanitarian Pedagogical University, Russia
schipitsyn@pspu.ru

The dynamics of a cylindrical solid in a rectanguwantainer filled with a viscous incompressiblaidl under the action
of translational horizontal vibrations is studiexperimentally. The experiments are performed wite bodies of a
density either greater or less than the densithefiquid.

Another subject of study is the fluid flows appeagrin liquid under the action of oscillating bodihe velocity fields
and averaged fluid currents are studied by PIVt{®arimage Velocimetry). The variations of the dityole and the
frequency of vibrations together with the paranetdrliquid change affect both the intensity anel structure of fluid
flows generated in the container. It is shown thigh increase in the dimensionless amplitude theidar flow regime
is changed by a disruption one.

Theoretical and experimental investigation of fftefdrce acting on the cylindrical body in the linof small amplitude
and high frequency of vibrations is carried outieain [1]. The experimental results in the cas$esmall-amplitude of
vibrations for the body in a non-viscous liquid arggood agreement with the theoretical ones.

In the limit of high amplitudes of body’s oscillatis with the change of flow regime the value dffltifce is decreasing.
These results suggest that the dynamics of a @djrudscillating near the wall, and the magnitudeibfation lift force
largely depends on the flow regime and the intgrefiflow excited within the fluid volume.

The described effects present the interest forfihdamental and applied studies connected withatitmal control
over the solid inclusions in viscous fluids in nugravity as well as for the problems associateti Wie intensification
of the processes of mixing of liquids inside theilksting cavities.

The work is supported by the Russian Foundatiomésic Research (Grant 16-31-00201).
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ON THE STABILITY PROBLEM OF BULK AND UNFIXED CARGO ON A ROLLING SHIP

Blekhman 1.112, Semenov Y.A:?
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Huge losses from shipwrecks caused by unfixed tk targo remains a big problem. Reason for thegawshcks is
that under rolling effect ship center of mass begentisplaced.

In current article, we suggest a simple model adyb¢cargo) movement and stability on a coarse @agrgurface,
which is making rotatory oscillations. The reseagch still currently unexplored problem of vibratisportation theory,
in which body is considered to be on a progresgivebving surface. Research shows, that ship o8oitia (rolling)
lead to the decrease of repose angle of the butkanand, in turn to the decrease of dry frictiogla. It is shown, that
exceeding of this angle leads to specific instgbitif a cargo — increasing from period to periodverent in the
direction of one of the ship boards.

A CLOSED STRING AND THE STABILITY OF ITS REFERENCE CIRCULAR CONFIGURATION

Sergeyev A.D.
Institute for Problems in Mechanical EngeneerirajnSPetersburg, Russia

dievich@rambler.ru

Closed strings are one of the popular objects sgarch in modern theoretical physics. The studyhefclosed strings
has an objective problem because of the lack of@msropriate mathematical description [1]. There @&sons to
believe that the properties of the virtual strifgeats studied by theoretical physics, should belai to the properties
of its mechanical prototypes. Therefore, the meitsanf solids can help overcome the problem of trantng correct
mathematical models of string objects that cantbéied by modern mathematical methods.

The properties of closed string in the solid meatwmhave not been sufficiently studied up to datds is due to the
rare cases of application of this kind of models.

It is presented closed purely mechanical 1D-obyeith the decisive property of a mechanical strilipe bending
stiffness of a mechanical string is equal to z&twerefore, the natural or reference configuratibsuzh an object can
not exist without interaction with its environmefithe role of the environment is to provide thengfrivith a pre-
tension.

The presentation gives one of the constructive iayseate a pre-tension in a closed string. Thachieved by using
a radial Winkler base. Equations of equilibrium tbe nonlinear rod theory for a one-dimensional muattess
continuum stretched over a radial Winkler basevaldocircular static solution. However, the prooftbé uniqueness
theorem of a static configuration in the form aficular curve for such an object is not known.

The circular equilibrium configuration of a closetkring is investigated for stability. In this pap#re circular
equilibrium configuration of a closed string is @stigated for stability. Dynamical equations in iafons are
constructed using strictly formal procedures fag thechanics of solids. Conditions for the existeat@&on-trivial
solutions of static equations in variations arenfbut is shown that there are values of the sygiarameters when the
circular configuration of a closed string is thdyostatic solution of the system of nonlinear eitpuiim equations.

It is also established that for certain ratios lué elastic properties of the radial Winkler basd #me elastic and
geometric parameters of a circular string, theicstaguations in variations for a circular mechahistting have
nontrivial localized solutions.
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TERMS OF SEARCH OPTIMAL PARAMETERS OF SHUNT ELECTRI CAL CIRCUITS
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In designing and exploitation of modern structuwes,effective control of their dynamic behaviorthe front-burner
problem. Its solution requires the elaboration dedelopment of new approaches to damping of streatilbrations. A
relatively new approach is based on the use ottsirel elements made of smart materials, partigulafl materials
with piezoelectric effect. One of the methods afhgang the structure vibrations with piezoelectiiensents consists in
their connection to electrical impedance in therfasf external passive electric circuits and is gelhe knows as a
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shunt technique. In this case, a piezoelectric efemserves as a transformer of mechanical energybadtions into
electric energy, which is then dissipated in thiemal circuits.

In this paper, we propose a new approach for chgo#ie appropriate parameters of the external yasdectric
circuits, which is based on the mathematical statenof the natural vibration problem. Solving tpioblem yields
complex eigenfrequencies, the real part of whighresents the vibration frequency and the imaginzagt — the
damping coefficient, specifying the rate of viboatidamping. For the examined problem, differentiardas of the
objective functions are investigated based on ttadyais of the real and imaginary parts of com@menfrequecies as
a function of the external circuit parameters. Titximum value of the damping coefficient taken am@aant of the
sought objective function is considered to be adit@n that specifies the optimal parameters .far ¢xternal passive
shunt circuits providing the required dissipativaacteristics of the structure. The efficiencytef above approach is
demonstrated in the context of example problemsyoramic behavior of plane and spatial objects far types of
external circuits- resistive R-circuit and reson&tt-circuit. The results of solving the forced stgastate vibration
problem are used to support the validity of theedatned optimal parameters.

The work is supported by the RFBR (projects No 1-B8976-a, No 16-31-00094-mol-a).

REPRESENTATION OF SOME INTEGRAL CHARACTERISTICS OF POTENTIAL FIELDS BY THEIR
VALUES AT SOME POINTS

Sevodin M.A.
Perm National Research Polytechnic University, R&uossia
m.sevodin@mail.ru

This work is concerned with potential field§M), where M is the point of a plane domain D. Thalgs to study the
problem of representation of the integrdl(¥1)) over the contouF as a linear combination of values ofb{M)) at
some pointg. It is assumed that f is a function ands a contour lying in the domain D. The propertiéshe function
f and the contoul” are determined, and the location of points M, &ictv such a representation is possible, is
established. As an example of application of theioled results, the flow of a Chaplygin gas arowndg profiles is
considered. The results provide evidence of thstemce of this point on the profile chord, wheresgure-drop and lift
coefficients are related via a linear transfornmatidechniques for determining the point and thedfarmation are
described. The influence of small variations of fivefile chord on the relationship obtained in tbisidy is also
investigated. Our simulations demonstrate the igliedf the proposed approach for measuring thespéed
performance of flight vehicles (1). At the aircrafinceptual design stage, the developed matheratmdels can be
used to calculate an aerodynamic pressure fiel@d f@hole bearing surface. With these techniquescanereduce the
production cost of vehicles by the use of selectin@ss-sections and points on their surface. Tiealti relationship
mentioned above is taken as a basis for the apiproac
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CASES OF INTEGRABILITY CORRESPONDING TO THE MOTION OF APENDULUM IN THE FOUR-
DIMENSIONAL SPACE

Shamolin M.V.
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In this activity, we systematize some results anstudy of the equations of a motion of dynamicajhynmetric four-
dimensional fixed rigid bodies-pendulums locatecaimonconservative force fields. The form of thegeations is
taken from the dynamics of real fixed rigid bodpaced in a homogeneous flow of a medium. In pelralfe study the
problem of a motion of a free four-dimensional diiody also located in a similar force fields. Huith, this free rigid
body is influenced by a nonconservative tracingdounder action of this force, either the magrétoéithe velocity of
some characteristic point of the body remains @mstwhich means that the system possesses a egrsibte servo
constraint (see [1]), or the center of mass oftihdy moves rectilinearly and uniformly; this medhat there exists a
nonconservative couple of forces in the system.

Earlier, the author already proved the completegrability of the equations of a plane-parallel imotof a fixed rigid
body-pendulum in a homogeneous flow of a mediumeunitle jet flow conditions when the system of dyitai
equations possesses a first integral, which isaastendental (in the sense of the theory of funstiaf a complex
variable, i.e., it has essential singularities)clion of quasi-velocities. It was assumed that ititeraction of the
medium with the body is concentrated on a parthefdurface of the body that has the form of a @inmensional)
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plate.

The planar problem was generalized to the spatiaé€-dimensional) case, where the system of dycareguations
has a complete set of transcendental first integtalwas assumed that the interaction of the h@amegus medium
flow with the fixed body (the spherical pendulure)concentrated on a part of the body surface thstlne form of a
planar (two-dimensional) disk.

Later on [2], the equations of motion of the fixdghamically symmetric four-dimensional rigid bodiesere the force
field is concentrated on a part of the body surthet has the form of a (three-dimensional) disk.

In this activity, the results relate to the casemehall interaction of the homogeneous flow of aimen with the fixed
body is concentrated on that part of the surfacthefbody, which has the form of a three-dimendialiek, and the
action of the force is concentrated in a directimmpendicular to this disk. These results are systieed and are
presented in invariant form.
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SELF-ADAPTED ELASTOMER COMPOSITES PREVENTING TEMPOR ARY OVERCOOLING OF A SEAL
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Rubber O-rings are widely used in sealing applcetiin the oil and gas industry. The glass trassitemperature @y
of rubber can be varied by adjusting the compasitiait is typically in the region of -10°C to -40°@/hen the
temperature of the seal drops beloyvthe rubber becomes brittle and cannot maintai@sh between the counterfaces.
In addition, the high thermal contraction of thastbmer seal during cooling compared to the steesihg increases
the sealing challenge.

Operational temperature is usually abovg But sometimes sealing materials can be exposed $odden cold
temperatures during a so-called “blowdown” everibviglown is a transient process, when the gas syptessure is
rapidly released and it causes rapid cooling ofgéx in the pipelines. The cold gas may cools dilverseals lower g
and therfore the elastomeric seals must be pratéotenshure that the seals remain abagyat all time.

To prevent temporary overcooling of the seal causetlowdown or other temporary chilling conditiomsiovel class
of composite is studied. The composite consistsubber and fillers made of micro encapsulated plamanging
materials (MEPCM). The phase changing materiaksass heat during the phase transformation frondligusolid at
cooling. This heat increases thermal inertia ofdbmposite and delays the cooling down of the seal.

In the research numerical simulation is used taliptdboth mechanical and thermal response of tmeposite O-ring
during transient blowdown. Performed simulation wssathat the MEPCM may sucsessfully protect rublvemf
temporary overcooling. A sensitivity analysis oétimal properties of the phase change materialsis @searched to
highlight possible avenues of improvement of theRIMs for sealing applications. It is shown that ltent heat of
the MEPCMs and the thermal conductivity of the dqlhase of the MEPCM are the most significant patams to
increase thermal inertia of the composite.

INVESTIGATION OF THE OCCLUSION BLOOD VESSEL MAGNETI C NANOPARTICLES

Shumova M, Korolev D.V?3 Smolyanskaya O.A. Chivilikhin S.A
1 - ITMO University, St. Petersburg, Russia
2 - Institute of Experimental Medicine, Federal tiewest Medical Research Centre, St. PetersburgsiRu
3 - The 1st Saint-Petersburg State Medical UniterSt. Petersburg, Russia
maria.shumova2010@yandex.ru

In this work we investigate the process of embdilira(occlusion) blood vessel using magnetic nanigas under
influence on thenexternal magnetic field and lasd?rocess of embolization occurs in two stages.t Kitage is
introducinginto a blood vessel suspension with magnetic namiofes, which are deposited on the wall of vesseler
the influence of an external magnetic field. Secetadje is provide thermal effdey means of laser radiation. Under
heating magnetic nanoparticles transfer heat twhbad after that occurs its coagulation and occlusionvéesel in the
area where it is needed.
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The model for the study process of embolization erasited, imitating section of the system circolatand allowing
apply magnetic influence and also realize registnaf the accumulation magnetic nanoparticles. [1]

In the experimental setup the magnetic nanopasticknsported due to fluid flow along a tube anpodé on the wall
of the tube in the magnetic field of the permaneritgnet. This system describes the motion of théviohahl
nanoparticle :

mﬂ =F ag(
d® 7 dt

md—2y =F - aﬂ (1)
d> 7 dt

miz =F- aiz
> * ot

, Wherex, y, z the coordinates of nanopartictds the timem is the mass of nanoparticle,is the coefficient of friction
of nanoparticle on the liquidkx , Fy , F; are the components of magnetic force.

The system of differential equations (1) is integdawith initial conditions:
dx dy dz
t=0: X=X,Y=YV,,Z2=2,—=0,—=0,—=V(x,VY)
° ot a
For the calculating magnetic force acting on the nanopartielase the formula:
F=mM(H)OB
, whereM(H) is the specific magnetic moment of the partiflegndH are the magnetic induction and magnetic field
strength.
In the calculation components of the magnetic induction weed the followingxpression$2]:

B = %[F(a—x, v,)+I'(a-x,b-y,9-Irx,y,z)-Ix,b- y,z)]z

X

B = —%[F(b— Vv, 2+I'b-y,a-x2)-I'(y,x,2)-I"(y,a- x,z)]:

B =-Klg(y,a-x2+@(b- ya xt+e( xb y)zo( a xb ,Y)zo( -b,y )+

+o(y.x 2 +o(axy 3+o( x vy}
, WhereK is the parametarharacterizing the magnetization of the magag, h are sides of the magnet,

Wi+r+(n-2) -7,
2 2 2
Jm+n-%n-%)+n

r'(y,v,v,)=In

¢1 ¢3 B ZD

arctan —

o(¢,.9,.9,) = b g +p +(p-2) |V?O.

0,y=0
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FINITE ELEMENT MODELING POLARIZATION OF POLYCRYSTAL LINE FERROELECTRICS
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In the paper is presented a model, which allowgisglthe nonlinear problems of irreversible proesssf polarization
and deformation for polycrystalline ferroelectramntinuum media and for quasi-static processeda@edlifficulties at
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solving such problems are consist in formulationcohfstitutive equations, which are written for tlesersible and
irreversible parts separately and at the quasesfabcess presented in increments. For constigiationstitutive
equations for increments of irreversible parts gsptal model of locked domain wall was used, frolmich we obtain
the desired relations as a system of equation#ffarehtials for the irreversible components of faarization vector
and strain tensor. Constitutive relations for imeesats of reversible components were derived frogrttlermodynamics
of irreversible processes. Method of finite elemaniigs the solution of a task to a system of liredgebraic equations,
for which the elements of the stiffness matrix depen the elastic, piezoelectric and dielectric mles, which, in turn,
depend on the current values of the residual palion and deformation. The right side of the systacludes the
increments of external loads and the previouslyaioled values same residual parameters. The prepeofi the
matrices satisfy the conditions of the unique doilitg. After solving system, we find the incremeott the searched
parameters and proceed to the next state of equitib The process is repeated until the final valoé loads are
achieved. As an example, the results of calculatmirthe residual strain fields and polarizatiorrevpresented within
the two-dimensional and axially symmetric casess Tidel was implanted in the finite-element complé software,
to solve the problems for piezoelectric bodies witimhomogeneous polarization.

Work carried out in the framework of the compettpart of state task of Russian Ministry of Ed. &uil - projectNe
9.1001.2017 / PCh.

COMPETITION BETWEEN DISLOCATION SLIP AND DEFORMATIO N TWINNING IN ULTRAFINE AND
COARSE-GRAINED METALS
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Lattice dislocation slip is the dominant deformatimode in most metallic crystalline materials [Also, deformation

twinning effectively contributes to plastic flow metals especially at low temperatures and highirstates [1,2]. In a
metallic polycrystalline specimen, dislocation stipd deformation twinning can concurrently occuvamious grains

(with various crystal lattice orientations) of tegecimen. The crossover from lattice slip to defdiom twinning was

observed in coarse-gained polycrystalline titaninrthe experiment [3]. Note that deformation twinsxanostructured
metals are typically nucleated at grain boundddésAt the same time, the formation of lattice Idation pile-ups

(that stimulate the crossover under discussiotijnised in ultrafine grains composing nanostructumetals deformed
by lattice slip [1]. Thus, the two competing sturetl factors — large amounts of grain boundarieswdtrafine grains —

operate in nanostructured metals. This motivatesrest in understanding the specific features efdtossover from
dislocation slip to deformation twinning in nanastiured metallic materials. Thus, we have suggeat#koretical

model [5] which describes the crossover from latttip to deformation twinning at grain boundaiie®anostructured
and coarse-grained polycrystalline metallic materi&Vithin our description, the lattice dislocatiothat mediate
dislocation slip in a grain interior are stoppedabgrain boundary and form a pile-up configuratidead dislocations
of the pile-up are absorbed by the grain bounddrgrevthey split into grain boundary dislocationsfdmation twin is

nucleated at these grain boundary dislocationspaopagates to the neighbouring grain interior. €hergy and stress
characteristics of this transformation in nanogtreed and coarse-grained polycrystalline metals Niare calculated.
Our theoretical results [5] are well consistentwabrresponding experimental data reported initeeature [3].
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This work is devoted to analyse the equilibriumnidoifurcation of the some nonlinear electromechamystems in
nano- and micro-scale (NEMS/MEMS). These systemg lmaor membrane, elastic plate, cantilever eleesytstem of
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parallel conductive nanolayers, which can be usedaaensor of internal or external mechanical dedtrecal
alterations. The important significance of nanod amicro-actuators has been acquired as the micitofeg with
forward or rotary movement or else micro-sensosetdan «pull-in» effect. It's important to notettkaactly in a case
of NEMS and MEMS it is necessary to take in accahatnonlinearity of its interaction, which leadssignificantly
nonlinear effect - the bifurcation of equilibriurtastic forms.

GENERATION OF RECTANGULAR GLIDE DISLOCATION LOOPS | N CORE-SHELL NANOWIRES
WITH PARALLELEPIPEDAL CORES

Smirnov A.M?, Krasnitckii S.AM?, Gutkin M.Yul23
1 - ITMO University, St. Petersburg, Russia
2 - Peter the Great St. Petersburg Polytechnic&ssity, St. Petersburg, Russia
3 - Institute of Problems of Mechanical EngineefiRgssian Academy of Sciences,
St. Petersburg, Russia
smirnov.mech@gmail.com

Nowadays nanowires (NWs) and nanoparticles (NPsg latracted much attention due to their uniquetetal,
optical, mechanical and catalytic properties that strongly depend on their defect structure whinhits turn, is a
function on the size and shape characteristics \&/sNind NPs. The size and shape effects are tigbldyed with
mechanisms of misfit relaxation in nanostructut@sod examples are NWs and NPs, which consist afokas and Pd
shells, and are among the most promising mateftalsising as catalyst in CO and vinyl acetate okigta[1-3].
Experimental observations revealed the preseneeutifple stacking faults in truncated octahedralsNith Au:Pd =
1:1 shells and Au cores. The appearance of sta&uits can be explained by Au diffusion from tleeecto the shell or
by the formation of Shockley partial dislocationscampanied by stacking faults [3]. Core-shell NW#hw
parallelepipedal cores represent the simplest ohsmres with flat faces; similar faces can be fibun truncated
octahedral nanoparticles with Au cores and Pd shethere the aforementioned new interesting desfieattures were
demonstrated [3].

To consider a flat core-shell interface, we useldearetical model of a NW consisting of a parapghedal core and a
surrounding shell with a cylindrical free surfadeecently, we have obtained a strict analytical tsmiufor the
boundary-value problem of a parallelepipedal niisfit inclusion in an elastic cylinder [4], which & mathematical
basis for the present work. Based on the energsoaph, we analyze here the possibility of genenadiba rectangular
glide dislocation loop embracing the core and lyinga plane inclined to the core axis. The loop egation is
energetically favorable if the total energy chanige, the difference between the total energy ef glistem after and
before the dislocation generation, is negativenishis criterion, we study the dependences ofdte energy change
on the system parameters in the special case &fuh&u-Pd core-shell NW and define the critical ddions for the
loop formation. Moreover, we compare the preferen€ehis relaxation mechanism with respect to sootieer
mechanisms of misfit relaxation such as partial padect misfit dislocations generation by glidimgthe cores and
shells from the free surface, perfect misfit digkien generation by climbing from the free surfaaed partial and
perfect dislocation dipole generation from a cowiethe core.

SAK and AMS got the support fré®FBR project No. 16-32-00521.
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ENTROPY PRODUCTION FOR ONE-DIMENSIONAL HEAT TRANSFE R
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In the publication [1] the equation describing amadons heat conduction was obtained. This equasidimie reversible
(substitution of tinstead oft does not change the form of the equation). Howeasalysis of the solutions for this
equation showed that it has both wave and diffusetgavior. Reversibility of the heat conductionqass, described by
this equation, is the topic of this work. Calcutgtithe entropy production is connected with rewdisy of the process.
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In case of equilibrium processes the concept abestis well discovered and applied. In case of-s@tionary heat
flow, the concept of entropy is more complicate@B[2]. The aim of this work is to find an approdohdetermine the
entropy change by considering several particulasblems of non-stationary heat flow. Several appneacfor
calculating the entropy production are considedéds shown that for the problem of an initial stegmperature
distribution the total entropy increases lineaily. the case of rectangular initial perturbation [ entropy is
calculated numerically. It is shown that in caseraftangular initial perturbation the entropy rezxlan asymptotic
value, unlike the step solution, where entropynsuabounded increasing function of time. It wasvahahat in case
when the solution is self-similar, i.e., it hasrfoif(x,t) = T(xt*), wherea is dimensionless parametd¢e entropy
production has a power dependence on time.
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STRUCTURAL MODELING OF NANOSTRANDS FORMATION IN DIS PERSEDLY FILLED
ELASTOMERS

Sokolov A.K?, Garishin O.KL, Svistkov A.L%2
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Dispersedly filled elastomeric composites represestructurally heterogeneous systemes, consisfitgghly elastic
low modulus rubber phase (matrix) with embeddeddsgtanular filler particles (dispersed phase). &lisuthis is
carbon black and fumed silica. The particle sizéegafrom tens of microns to hundreds of nanomef@espite the fact
that these materials are widely used in our livgoler a century, there are still questions thatd is no single answer
today.

The most important of these is the effect of rubbamening when adding dispersed carbon blackgbesti Filling
rubber by carbon black (20-30% by volume) greatiprioves its operational properties: enhances tfirests, rupture
force increases 5-15 times, the limiting deformafio 2-4 times, and the smaller size of the fipparticles, the stronger
is reinforced material [1-3].

One possible explanation for this phenomenon is i@ nanofiller composite creates a huge amouniniformly
distributed micro-breaks to facilitate transfertbé rubber matrix from complex stress state into ghistem of many
uniaxially loaded fibers. Therefore, rupture effofor them to be much higher than the correspondaiges for the
same elastomer in an undirected condition.

Appropriate structural model of an elastomeric cosifg was developed to verify this hypothesiss lbased on a new
criterion of deformation strength, taking into asnbthe possibility of an anisotropic hardeninghef elastomer under
the stretching (by reorientation of the moleculaaios in the direction of load). The main featuf¢he criterion that a
tensile or compression biaxial its value will beglnér than when a uniaxial deformation (this ishe same strain
intensity). That is, when the uniaxial loading metecollapses later than in the case of two @xial deformation.

The results of computer simulation showed thataisecof a new strength criterion using matrix breatcurred not in
the gap between the inclusions, but on some renfoval it. Thus, the formation of a weakened zonéhim form of a
"hollow ring" occurred around the gap between thadigles, that is quite be interpreted as a possbpearance of the
elastic strand between the particles. Hence wecoaclude that the strands appearing in the comp@simote an
increase in its strength and deformability ("pudlithe moment of global macro-cracks occurrence).

This work is executed at a financial support of RFBrants: 16-08-00756, 16-08-00914.
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ANALYTICAL AND NUMERICAL SIMULATION OF THE BEAM BEN  DING WITHIN 2D AND 3D
FORMULATION OF DIFFERENT GRADIENT ELASTICITY THEORI ES

Solyaev Y.O., Lurie S.A.
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Gradient elasticity theories allows to describe -ntassical effects occurring in small-size struetuand devices.
Different variants of the gradient elasticity thiesrare known, but the choice of the optimum onmaias open
questions. In the present study, the comparisadiffifrent gradient theories solutions of a beamdi®m problems in
2D and 3D statements is presented. Pure and caatiieam bending is considered. Numerical solutaoesrealized in
the frame of simplified gradient models, which @ntin the case of isotropy two classical elastiparameters, and
from one to three additional material constants fifantis, couple stress, Gusev-Lurie [2] and ®@iteonal gradient
models are compared. The influence of scale efimotsadditional parameters values on the effediiffness of the
beam, on its stress state and on the deformatibits oross sections and outer surfaces is studied.the obtained
numerical results the symmetry of the double sttessor is verified. The numerical results are careg to the
corresponding analytical solutions of 3D problerfms (he pure bending) and to the solutions that feamd in the
frame of the beam theories. Based on this comparise investigated, in particular, the correctrafsgarious models
of scale-dependent beams. Obtained results alsparech to the previous works [3-5]. The possibitifythe certain
gradient models choice based on the direct expataheneasurements of deflections and deformatiériseobeam in
flexural tests is discussed.
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CONVERTION OF MECHANICAL ENERGY TO THERMAL ENERGY | N A ONE-DIMENSIONAL
CRYSTAL

Starobinskii E.B', Tsvetkov D.\#, Krivtsov A.M.1:2
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We discuss a process of convertion of mechanicatggnto thermal energy in a one-dimensional ingdlairystal: a
chain of identical particles, connected by the samainear springs. Random initial velocities aratipdic boundary
conditions (the Born-von Karman boundary conditjoase set. The velocity dispersion is determineaimfrthe
correspondence to the required temperature profile.

We are solving the Cauchy problem for the chaingisihe finite difference method and averaging dhierrealizations.
A mechanical wave in such a crystal will loose stsape and decay as its energy transforms into #leemergy.
Conditions of this transition are investigated.USioins for standing and traveling sine-shaped wavesompared. The
law of the mechanical energy decrease is studiedfasction of the thermal noise value and timee irheversibility of
the process is demonstrated for the large dispedioelocity fluctuations. The influence of theetimal noise value on
the shape of a mechanical wave and the possibilisplitons formation in a crystal are also invgsated.

ANALYSIS OF DAMAGE ACCUMULATION’'S PROCESSES OF COMP OSITES MATERIALS AND
IDENTIFYING OF FEATURES FAILURE

Staroverov O.A:?, Wildemann V.E:?
1 - Perm National Research Polytechnic University
2 - Center of Experimental Mechanics
cem_staroverov@mail.ru

The complex of tests to estimating the residuaicsstrength of composite samples after prelimineyglic loading.
The samples were made from of glass fiber preprggss23 samples, divided into five groups, wergtéd. Each group
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of samples of different value cyclic loading, whilkds in the range of load cycles (N=0...1.75%10 Cyclic loading
was performed on the test system Instron ElecteoBdl0000. The samples were tested at the sametadepBtress
level with a maximum valuemna=0.5, of the coefficient of asymmetry R=0.1 and a fregpeof 50 Hz. The
amplitude of the cyclic loading was-0.2250y. After cycling tests the quasi-static tensile igih the definition of the
ultimate strength were carried out. This type of teas conducted using a testing system Instro2.588

As a result, were obtained depending onthe sthenghit of the composite material from the duratioof
previous cyclic loading. The point correspondingtioe value =0 obtained as the mean fatigue life of the
material samples. For determine this value thréigua tests to failure were conducted. The cycleupaters of this
fatigue tests is the same as in the previous cladiding.

Analyzing the results, we can conclude a reduatibrensile strength by increasing the value ofghecyclic loading.
The schedule is not linear. In the first range.(A® cycles) reducing the tensile strength of the ntesample is
about 20%. The following range (1Q. 1.5*1@ cycles) reduce the tensile strength is not redutethe latter range
(1.5*1C... 2.1 * 16 cycles), a sharp decrease in the limit of the riatstrength.

The work was supported by Grant of the Russian &ation for Basic Research RFBR-Ural (grayit16-41-590360)
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STUDY OF VARIOUS NUMERICAL SCHEMES FOR TRACING HYDR AULIC FRACTURES
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Numerical modeling is an important way to increaselerstanding and efficiency of hydraulic fractarigHF).
However, because of mathematical difficulties, nricad simulation of HF still remains a very difficuask. The recent
comparative study of HF simulators [1] has showat tine inexplicit level set algorithm (ILSA) [3]ymploying the
theory of propagating interfaces [4]imexplicit form, is presently superior over other approachés. modified theory
of HF [2] implies thatexplicit forms may be used as well, what significantly agteoptions for numerical simulation
of HF. This paper aims to employ the new option$usther developing efficient algorithms started%h

We employ (i) hypersingular elasticity operator metng its inversion; (ii) global coordinates, ifieh the temporal
derivative is singular at the fracture contoui) (iie speed equation to trace the front propagatigpoints of the front;
(iv) universal asymptotics to evaluate the speedthie opening; (v) combining the speed equatiork discretized
continuity equations in a joined system of ODE; @)l specially tailored schemes for inclusion negassed by the
fluid front. It is revealed that the latter is aficial significance for stability of an algorithm.

By using theoretical considerations, the benchnk&®D model and detailed analysis of numerical restdr it, the
schemes, which provide stable results with accéptatcuracy, are distinguished. They are based@pep using the
universal asymptotic umbrella and the causalitygple. Their computational efficiency is checkeg dmploying
various methods (forward and backward Euler’s, Ruigtta, backward differentiation) for solving tmesulting
system of ODE. Remarkably, the forward Euler’s rodtihas appeared competitive, to say the least, wharpared
with the other methods tested. Having positive Itesfor the KGD problem, it became possible to gpe scheme
developed for solving the axisymmetric HF problesmaatruly 3D problem. The tests have confirmed thatscheme
provides stable and quite accurate results everotmh meshes.
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STUDIES OF FRACTURE IN SHEAR OF A CONSTRAINED LAYER
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Cracks normally propagate in the opening mode &ssucwith a state of local symmetry at a crack Hipwever, the
micro- or macrostructure of a material or structsmametimes forces cracks to propagate in a sheanioge. An
important example is in the motion of tectonic ptathat results in earthquakes. Irrespective ofattteal material
studied, fracture in shear is frequently associatithal the formation of a large number smaller sigoat-shaped cracks
in the propagation direction of the major craclopgargation of the major shear crack is accomplighedoalescing the
sigmoidal-shaped cracks. The shape of these ciadidttle materials can be understood from thengigle of local
symmetry. A material class that is especially fédor studies of shear fracture is polymeric a@ilvess joining metal
substrates. Appropriately designed and loaded sm@ews can force a major crack in the adhesive tpggate in a
shearing mode at a reasonable load level and tatdesmanner. Experiments show that the formatirigmoidal
cracks due to shear loading of the substrates tea@siormal separation of the joined substratheofetical studies of
brittle shear fracture in adhesive joints show ttstraining the local opening of the sigmoidacs increases the
fracture resistance for the propagation of the majack; the associated fracture energy increagedbut 30% from a
completely free to a completely constrained openigst engineering materials are however ductitethle present
study, experiments with a ductile adhesive loadeshiear and where the normal separation is consttare evaluated
using the path independedtintegral. The experimental set-up does not pro@demmpletely free, nor a completely
constrained, normal separation. However, the etialughows that the fracture energy increases abthut 50% due to
the constraint. A novel technique is used to exii@p the experimental data to a state of purershea without a
normal separation. The associated cohesive law shbat considerable normal compressive stress aleveh the
adhesive during macroscopic shear loading. Itse abncluded that by ignoring the normal separatidhe evaluation
of the experiments, the strength of the adhesiwenderestimated. Thus, the procedure developedrifeestudies is
conservative from a strength analysis perspeciitie. present technique might be possible to exterutiter materials
to reveal their properties in shear fracture.

INERTIAL WAVES AND PATTERN FORMATION IN LIBRATING C  YLINDER WITH LIQUID
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The fluid motion in rotating cylinder is investigat experimentally. The cavity rotation velocity ngas according to
the harmonic law (librations). In the absence bfdtions the fluid performs a solid-body rotatimgéther with the

cavity. Librations of the cavity lead to the apeare of an oscillating motion in the viscous bougdayers. In this

case the corners formed by the cylindrical andwealts of the cylindrical cavity generate the inakrtivaves. The waves
propagate in the liquid along the characteristidames in the form of cone; the angle betweenghiface and cavity
walls is determined by the frequency of libratiottsis found that in case of small amplitudes dfrditions on the

cylindrical boundary of the cavity the heavy pdescof visualizer are accumulated in the rings. @halysis shows that
the position of the rings corresponds to the pladake reflection of the inertial waves. This icglies that at the point
of incidence the wave generates the average flotwarboundary layer, which leads to a redistributid particles of

visualizer. Pattern formation on the cavity bourdand the structure of the fluid flow in the bulkménding on the
frequency and amplitude of librations are studied.

The research was supported by the RFBR (projectlBk1-00169 moh).
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JACOBI STABILITY AND UPDATING PARAMETERS OF THE LOR ENZ SYSTEM USING HYBRID
ALGORITHMS

Sulimov V.D1, Shkapov P.M, Sulimov A.V?
1 - Bauman MSTU, Russia
2 - Lomonosov MSU, Sevastopol Branch
spm@bmstu.ru

Continuously time evolving dynamical systems arelelji used as effective theoretical tools for thethmmatical
modelling of natural phenomena in various fieldplysics and engineering. The global stability yrfi@mic systems is
described by the theory of Lyapunov stability. Atemative approach is represented by the locdilitia (Jacobi
stability) analysis. The analysis is based on tlsdtmbi—Cartan—Chern (KCC) theory. In this approaoh describes
the evolution of the dynamic system in geometritnte by considering it as a geodesic in a Finghercs. In the
framework of the KCC theory, they reformulate thymamic system as a set of two second-order diffedeequations.
The geometric invariants associated to the sysaewhthe deviation curvature tensor, as well asigsnvalues, may be
obtained explicitly.

The Lorenz system plays an important role for usiderding hydrodynamic instabilities and the natafethe
turbulence. The purpose of this work is to findgmaeters of the Lorenz system from indirect (meafudata. The
sought-for parameters of the system can be intexgras the Prandtl number, the Rayleigh normalimedber, and the
wave-length number, respectively. Input data avemiapproximately by eigenvalues of the deviatiorvature tensor.
The optimization approach has been applied to sthigeregularized inverse eigenvalue problem. Tweehdybrid
global optimization algorithms combining the stosti@ Multi-Particle Collision Algorithm (for scanmj the search
space) and deterministic techniques (for local ele§care applied. Iterated smoothing approximatiare inserted
during the local search in the first algorithm. Tdexond algorithm implements the local search phaeeby use of
numerical approximations to space-filling curvessHts of successful computational experimentpersented.
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CONTROL PHASE TRANSITION BEHAVIOR OF POLYCRYSTALLIN E MEDIA BY GRAIN SIZE
ENGINEERING. ROLES OF INTERNALAND EXTERNAL LENGTH SCALES

Sun Q.
Hong Kong Univ. of Science and Technology, Hong &AR, China
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We report recent advances in the experimental @k ¢tical study of effects of grain size (from @Bth to 10nm) and
sample size (from 1 mm to 1 micron) on the thermmdchanical, cyclic and fatigue properties of Nidlycrystalline
SMAs which have nano-grain and grain-size gradsémictures. Particular emphasis is paid to theifstgnt effects of
internal and external length scales on the progeeind behaviors of the material. It is proposetl tte emergence of
the observed significant changes in the behavidhe@Mmaterial with the length scale reduction orages from the large
increase in the area-to-volume ratios of the iat$§ (grain boundary and phase boundary) in thepystal and that
there is huge potential to improve and controlgbgformance of the existing NiTi SMA by grain seegineering.

MULTISLOT LOW-SPEED INTERNAL COMBUSTION ENGINE IGNI  TION TRANSDUCER

Sviyazheninov E.D.
IPME RAS, Russia
sviage@gmail.com

The invention relates to mechatronics, particujaidy contactless pickups, and can be used in @nisystems for
internal combustion engines (ICE), as well as imeotmechatronic systems: switching, telemetryyrithistion devices
for automation and telemechanics. Multislot lowexppedCE ignition transducer comprises stationaryostaequipped
with n uniformly distributed in circumferential @iction sensor pairs, and rotary rotor, equipped wiielding,
separating the elements of sensor pairs, whictudesd mn+1 or mn—1 slots for direct or reverse sparkation
relative to direction of rotor rotation, where rtli® number of ICE cylinders, while m is any naltumamber;: m = 1, 2,
3, ... All these provide:

1. possibility of continuous switching, as well as

2. mn+l or mn-1-fold reduction of rotor rotation fremey for forward or backward spark formation,

respectively,

3. mn+1 or mn-1-fold increase in closed state time,

4. multiply higher mechanical and electrical reliatyili

5. multiple increase of device accuracy and wear ta@asie.

ON GOAL ORIENTED FEATURE EXTRACTION STRATEGIES FOR PROPER ORTHOGONAL
DECOMPOSITION BASED REDUCED ORDER MODELING IN STRUC TURAL DYNAMICS

Tegtmeyer S., Fau A., Benet P., Nackenhorst U.
IBNM, Leibniz Universitat Hannover, Germany
stefanie.tegtmeyer@ibnm.uni-hannover.de

The Finite Element method is frequently appliedtf@ simulation of the dynamic response of engingestructures.
However, a detailed model with sufficiently precdiscretization of real structures, e.g. bridgddings, introduces a
tremendous number of unknowns that goes aheadhwuigle computational effort for transient dynamicalgsis. For
much faster simulations of the long term behavibewen parametric studies, reduced order modelR@QNM) is a
suitable approach.

Besides modal reduction and Krylov subspace tectesiqProper Orthogonal Decomposition (POD) is aictan
method that enables for capturing nonlinearitiggraximately. POD is based on the generation ofaled snapshots
of the high-fidelity systems response, from whichpmjection matrix is generated via main featurdramtion.
Projecting the original system of equations ont difined subspace, a smaller set of equationsfaitbr unknowns
is obtained which therefore can be solved moreiefiily.

This contribution gives an introduction to the RQ@Igproach in general and focusses on a goal oristtakgy for the
snapshot generation for POD in particular. Theltesabtained using POD are compared to modal rémucesults in
terms of computational costs, accuracy and applitalA reality-close bridge building is considetéo evaluate the
ROM efficiency.
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FORMATION OF TUNGSTEN AND MOLYBDENUM DISULFIDE MICR O AND NANOPARTICLES BY
SPRAY PYROLYSIS

Tiurikov K.S2, Alexandrov S.E, Filatov K.DZ, Speshilova A.B, Kirilenko D.A2
1 - Peter the Great St.-Petersburg Polytechnic ¢étsity, Russia
2 - loffe Physical Technical Institute, Russian demy of Science, Russia
kirill.tyurikov@spbstu.ru

Tungsten and molybdenum sulfides nanoparticles latracted considerable interest of scientists lmaf their
unique antifriction properties and possibility teeuthem as solid lubricants for applications whequaid lubricants
cannot be used [1]. It has been shown [2] thatyspsaolysis which can be considered as one of fhraaches to
aerosol assisted chemical vapor deposition (CVDEgsses can be successfully used to obtain sphpadiles of
molybdenum disulfide however influence of proceasameters on size and structure of the particlesdd has not
been studied. As to synthesis by spray pyrolysitiogsten disulfide nanoparticles only one papsrideen published
[3] in which formation of nested Warticles exhibiting a rectangular parallelepigtdpe with the structure of a
closed nanoboxes was described. The aim of our waskto study experimentally the influence of thaimmprocess
parameters of spray pyrolysis of (WeMoSs-CsH/NO and (NH):WSs-C3H/NO solutions aerosol particles on the
average size of Me®nd WS particles, their size distribution, compositiondastructure.

Spray pyrolysis was carried out in a tubular reagtith inner diameter of about 23 mm equipped wifilee inline
resistive heaters. The first streamwise zong=150-800°C) was mainly used to evaporate solvent from aéroso
particles, the second zone;£600-900°C) served as a pyrolysis area, and electrostétie fvas placed in the third one
(200 °C) where the particles obtained were collected.a&rosol of precursor solutions was created by pieztric
nebulizer.

Processes in the first zone of the reactor deterttia shape, size and structure of Mp&rticles formed. It is possible
to obtain hollow and solid particles with averagee wvaried over the wide range depending on tentperan this zone.
The fraction of hexagonal crystalline phase (ths i® rhombohedral phase) gradually increased ff8n80% to 98-
99% and the size of coherent X-ray scattering megifor both phases slightly decreased from 5538llnm with
increase of Tin the range 300-80%C. The temperature in the pyrolysis zone does mfaténce the size and structure
of the particles obtained. The average size of M@®ticles gradually increased with concentratior{Mifls)oMoSs in
solution. The main process parameters have notefiedhe chemical composition of products synthesizvhich
always correspond to MaS

Solid particles of Wswith spherical shape and average radius varigtld@rmrange of 50-100 nm were synthesized by
spray pyrolysis of (Nk:WS:-C3H/NO solutions for the first time. In contrast to #yesis of Mogthe particles with
near stoichiometric composition can be obtained atlpyrolysis temperatures above 80 As well as for synthesis
of Mo, dilution of the solution used for formation of asol leads to decrease of the average size otlesrtobtained
and power of piezoelectric nebulizer does not arfice the average size of Wsarticles.

Solid disulfide particles consist of short and ramdly oriented fringes of WsSand MoS.

The authors are grateful to the Russian Sciencen#ation for the financial support of the study (tant N 15-13-
00045).
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DERIVING CONSTITUTIVE BEHAVIOR LAWS FOR COMPOSITES AND POLYCRYSTALS USING
DIRECT MICROSTRUCTURE-RESPECTIVE FINITE-ELEMENT SIM ULATIONS AND UNIFORM FIELD
HOMOGENIZATION METHODS

Tkalich D., Yastrebov V.A,, Cailletaud G.
MINES ParisTech, PSL Research University, CenteeMatériaux, Evry, France
dmitrii.tkalich@mines-paristech.fr

All materials have a scale below which they carb®tonsidered homogeneous anymore and at thatteegtdysical
properties varies from one point to another. Exphepresentation of the mi-crostructure in numarisimulations is
often not feasible due to a significant differete#ween the size the structure and the size ofdgdaeity. In such
cases, suitable for macroscopic computation effec-physical properties and constitutive behaviawd can be
obtained by considering a Representative VolumenEtg (RVE) of its microstructure [1].

Adopting a concept of an RVE one can treat it in tways. First way employs direct numerical simolasi with an
explicit microstructure geometry. A finite-elemembdel should be constructed, which is often doriagusoronoi

tessellation algorithm and its post-treatment. Explmicrostructure representation allows to incmgie many
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geometrical and mechanical features in the modeh ss material nonlinearities, complex interfamed also possible
local damage behavior. However, incorpo-rating miaatures into the model may result in its extemsiemand for
resources and computational time.

Second way of treating the heterogeneous micrdsireids adopting the “uniform field” homoge-nizationethods.
Such methods estimate an averaged response ofmigivomogeneity, which is seen as a single inciugi an infinite

homogeneous equivalent medium. The starting pdisuoh meth-ods was the solution for stresses &aths in the

case of the ellipsoidal inclusion obtained by Ja&tshelby [2]. Several methods evolved from the Hsfiglsolution,

each best suited for a certain type of compositgobycrystal.

In the talk, several examples of employing the @&bmentioned homogenization techniques are showmraalges and
comparisons are presented. Issues of thermal edsitiesses and energy dissi-pation due to pldstficrmation are
addressed.
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MULTI-FLUID MODELLING OF SUSPENSION FILTRATION INT HE NEAR-WELLBORE ZONE OF
INJECTION WELLS

Tolmacheva K.F, Boronin S.Al Osiptsov A.A%, Galeev R.R, Belozerov B.\%, Yakovlev A.A?, Sitnikov A.N?2
1 - Skolkovo Institute of Science and Technologyss$ta
2 - LLC "Gazpromneft-NTC", Russia
kristina.tolmacheva@skolkovotech.ru

Injection wells are widely used in the oilfields toaintain reservoir pressure and increase ultimat®very of

hydrocarbons. During injection, water adsorbs soidmixtures from wellbore walls and fine partidiesn the pores
in the near-wellbore zone, which results in thevflof suspension in the near-wellbore zone. Suspkpdeticles are
trapped in pores, which results in permeability dgenand, as a result, in the decrease in injectifithe well. In order
to maintain the injection flow rate (injectivityhne needs to either increase the pumping pressute imtroduce

additional water cleaning equipment on surfacehBesults in the increase of the cost of developroéthe reservoir.

To optimize the process of water injection, it isgosed to use a combined approach based on mgadisuspension
filtration in porous media with account for permiiopdamage and recovery.

In order to do so, we present a development ofrthii-fluid model of suspension filtration in a pars medium, which
was first disclosed by the authors in [1]. The dsion of the governing equations from conservakiows is carried out
in the multi-continua approach [2], where the thpbases, namely the carrier fluid, the suspendeticles, and the
particles trapped in pores are treated as thrdereiift continua described by different hydrodynafieé variables.

Fluid fluxes through large pores of the porous mediand through narrow pores of the packed bed pbsited

particles are explicitly taken into account, vieotdifferent values of permeability. These are tbg kovel features,
which distinguish it from the classical deep bdttdiion model [3, 4]. The model predictions arempared with

laboratory data sets on the contamination of a saraple. The most recent progress in the modellalevent is

mainly in taking into account particle mobilizatjiocompressibility of the fluid, two-phase filtratiqoil/water), and

reservoir influx. Applications of the model aremairily in the oil and gas industry: drilling mudvasion and cleanup
in the near-wellbore zone, fines migration in p&aoedium and suspension filtration in propped hylirdractures;

permeability damage and recovery in the near-welitmmne of injection wells, which are used to naimtreservoir

pressure.
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DYNAMICS OF THIN ROD AFTER THE LONGITUDINAL IMPACT BY ARIGID BODY

Belyaev A.K?, Morozov N.F, Tovstik P.E, Tovstik T.P%, Ma C.C3
1 - St.Petersburg State University, St.PeterstiRugsia
2 - Institute for Problems in Mechanical Engenegridaint-Petersburg, Russia
3 - National Taiwan University, Taipei, Taiwan
tovstik_t@mail.ru

Longitudinal impact of a rigid body on a thin elasid is studied. The opposite end of the rodssuaed to be fixed.
In order to find the contact forde(t) we use the Sears model [1] including both the wawepagation in the rod and
the local deformations described by the Hertz atintzodel [2]. The obtained non-linear integral-eliffntial equation
[3] is solved numerically which allows one to detare the forceP(t) and the impact tim& for various values of the
problem parameters.

The special attention is paid to analysis of thet vibbration when the impact is over. In this cdse tod exhibits free
longitudinal vibrations generated by the impacte Téngitudinal deflections are expanded in the owgeries and the
corresponding vibration amplitudes of eigenmodesfaund. A distribution of the impact energy aftee impact is
studied. This energy consists of the energy of bednmpactor and sum of vibrational energies ofrtiteeigenmodes.
The next step is to analyze the possible parametsicnances caused by bending vibrations of theToere exist a
number of works, Refs [4,5] etc, which are concdrméth the problem of parametric resonances for dhse of
prescribed forc®(t). However the present report differs from the presiones in that forcB(t) is to be determined as
solution of the collision problem.

It is shown that the vibrations have a charactdreaitings in the resonance case. By using thetsesfuRefs. [4,5] we
estimate the maximum amplitude of beatings androhite the impact parameters at which this maximan be
achieved.

The present report is supported by the RFBR grisints16.51.52025 MHT-a and 16.01.00580-a.
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APPLICATIONS OF PARTICLE DYNAMICS - FROM THE MOLECU LAR SCALE TO THE CONTINUUM

Travis K.
Immobilisation Science Laboratory, Department otdfgls Science and Engineering, University of Sélef,
Sheffield, UK
k.travis@sheffield.ac.uk

The Molecular Dynamics (MD) simulation method, inted by Berni Alder in the mid 1950s, provides asemtially

exact description of matter at the atomic leveleoadorcelaw has been specified. In MD, Newton'siomequations
are solved numerically for a set of particles, diilef) time ordered sets of positions and momentan frghich

thermodynamic properties can be obtained throughagiplication of Boltzmann’s statistical mechaniéxtensions of
the basic method involving modifications to the bdary conditions and motion equations have madsilplesthe

investigation of non-equilibrium phenomena.

Smooth Particle Applied Mechanics (SPAM) - inventad Lucy, Monaghan and Gingold in the late 1970sdtve

problems in astrophysics, also uses particleshitndase, the underlying equations being solvedrarse of continuum
mechanics. The particles act as interpolation gowilich transform the partial differential equatoimto ordinary
differential equations that are then solved usinglar methods to those employed in MD.

Both MD and SPAM are powerful tools which can bedut study the behaviour of matter. MD is anitsst powerful
when used to generate pseudo-experimental datee$ting new statistical mechanical theories or alisting new
constitutive laws. It can also be used to yield naeistic information. SPAM is useful for modellitlge behaviour of
matter at the scale of interest to the engineeremthe two methods are used together, MD can peovid material
properties required as input to SPAM simulatiofisyang true multiscale capability.

In this lecture, examples will be given from bothese particle-based simulation methodologies inmetudhe

simulation of confined fluid flow, Joule-Thomsorrdktling, radiation damage in ceramic wastefornig;ation, and

fragmentation. In the latter example, we show hioevNID has been used to parametrise SPAM.
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EFFECTIVE ELASTIC PROPERTIES OF COMPOSITES WITH PAR TICLES OF POLYHEDRAL SHAPES

Trofimov A.}, Sevostianov f, Drach B?
1 - Center for Design, Manufacturing, and Materi8lkolkovo Institute of Science and Technology, Is&eo, Russia
2 - Department of Mechanical and Aerospace EngingeNew Mexico State University, Las Cruces, NM
trofimovanton0310@gmail.com

Regular polyhedra can be used to describe shape®roé crystalline metallic particles that are emtered as
precipitates or synthesized as powders to be usadditives in particle-reinforced composites (JL-6

In this study, we analyze the effect of shape wésa representative convex polyhedral on the divelastic properties
of particle-reinforced composites. We utilize st@6s contribution tensor formalism to estimate aleelastic
properties of materials with polyhedral inhomogéasiand compare the results with direct finitevaat simulations
of periodic RVEs. Contributions of 15 convex polgiha particle shapes to the overall elastic progerdf particle-
reinforced composites are predicted using micromeical homogenization and direct finite element lysis

approaches. The micromechanical approach is bas#deocombination of the stiffness contributionsten(N-tensor)
formalism with Mori-Tanaka and Maxwell homogeninatischemes. The second approach involves FEA dianga
performed on artificial periodic representative urok elements containing randomly oriented particeshe same
shape. The results of the two approaches are id ggeeement for volume fractions up to 30%. Apfitiy of the

replacement relation interrelating N-tensors of pagticles having the same shape but differenttiel@snstants is
investigated and a shape parameter correlatedtivéthccuracy of the relation is proposed.
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DEVELOPMENT OF THE ELECTRO-MECHANIAL MODELS OF THE CARBON NANO-WHISKERS AS
MASS DETECTORS

Vaniushkina V.V?, Shtukin L.V, Berinskii I.E2
1 - Peter the Great Saint Petersburg Polytechbinalersity, Russia
2 - School of Mechanical Engineering, Tel Aviv Uaisity, Tel Aviv, Israel
vasiokne@list.ru

Carbon nano-whiskers are the monocrystalline filmeasle of amorphous carbon. These beam-like stegtuave the
linear size of several hundred nanometers and abbwanometers in diameter. Due to small size adl gtrength,
such whiskers were recently proposed to use inanamd nanotechnology.

This work is devoted to use of carbon whiskersanaelectromechanical systems (NEMS). The doublakehisystem
consists of two parallel carbon nano-beams. Thenbeare connected with a thin elastic jumper. Thanize are
considered as the rigid bodies and a jumpers i®septed as an elastic spring. As a result, a mmattieal model with
two degrees of freedom is obtained. The model ptedhe beats-like oscillations. Parameters oftibats such as
period of an envelope curve, amplitude and frequesttow the discrepancy of masses. Due to this,ocabiased
double-whisker resonators can be used for massumiegs

The oscillations can be excited in two differentysalmpulse load is the simplest method of exatatibut the
amplitude of registered signal wouldn’t be enougihdrecise measurements. Due to this, another miésharoposed to
solve this issue. It is based on the excitationsdillations using piezoelectric element. Buildng-of the oscillations
prolongs during the enough time to reach the mawminamplitude. Hence, the oscillations form is cldsethe
resonance one.

High amplitude can be registered with a sufficieasturacy using the electrical circuit. In this gitcthe double-
whisker resonator is used as a capacitor suchethelt whisker serves as one of the capacitors plsteshanical
oscillations of the whiskers are related to voltageillations, which in turn can be registered vamgcisely.
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CONTACT PROBLEM ON INDENTATION OF A CONICAL PUNCH I NTO AN ELASTIC TRANSVERSELY-
ISOTROPIC FUNCTIONALLY-GRADED HALF-SPACE

Vasiliev A.S?, Aizikovich S.M2, Belov A.AZ, Litvinchuk S.Yu!
1 - Research Institute of Mechanics, National Retebhobachevsky State University of Nizhni Novgordlizhni
Novgorod, Russia
2 - Research and Education Center "Materials”, Btate Technical University, Rostov-on-Don, Russia
andre.vasiliev@gmail.com

Indentation of an elastic transversely isotropilf-bpace with functionally graded transversely iieptc coating by a
conical punch is considered. Elastic moduli of ttwating vary with depth according to arbitrary ipdedent
differentiable positive functions. Elastic modafithe substrate are constant. Cases of free aad Boundaries of the
contact area are considered. The problem is rediacéue solution of a dual integral equation ovemkel image of
contact pressure. Kernel transforms of the integm@liation is constructed numerically. Using spécialesign
approximation of the kernel transforms the apprated solution of the problem is constructed in wied! form. The
solution is asymptotically exact for small andgevalues of relative coating thickness. Some dasp#amodeling of
micro- and nano- indentation experiments are dssdisQualitative differences in process of elagétormation of
bodies with homogeneous and functionally gradedings are illustrated.

This research was financially supported by RusSiaience Foundation grant no. 15-19-10032.

ON STRUCTURE OF ELECTROHYDRODYNAMIC FLOWS CAUSED BY FIELD-ENHANCED
DISSOCIATION IN VARIOUS SYSTEM CONFIGURATIONS

Stishkov Yu.K., Vasilkov S.A.
St. Petersburg State University
s.vasilkov@spbu.ru

Designing electrohydrodynamic (EHD) systems payscisp attention to electrode-configuration choidacs it
determines the flow structure and the device perémrce. Most EHD systems use a sharp electrodeléédsdde, or
wire), which forms the flow with well-studied strtuce, directed from the electrode towards the caruobhe. However,
other electrode configurations can lead to radicdlifferent flow structures and thus to new prospefor the
development of various EHD systems.

The present work uses computer simulation to staHY flows caused by field-enhanced dissociatiomeiatively
high-conducting liquids. EHD flows of the type as#ll poorly studied and, unlike the injection ongélsey can be
caused by specific configuration of solid insulati®he work investigates their structures and shibvas variety.

The base case is a blade-plane system that shii@ws af classical structure. Next, a hollow tubattlcan be treated as
a rolled blade can give rise to EHD flows of undssteucture. Depending on geometry parametersfloe structure
can be close to the classical one or be as in mgsteith the major role of solid insulation. At lashe cases of
conditioning role of solid insulation, the systemish insulation barriers, complete the study. Sfieziof each case is
analyzed and discussed.

IMPACT OF THE NEW VIBROEXCITATION METHOD TO THE SCR EENING PROCESS
INTENSIFICATION OF BULK MATERIALS

Vavilov A.V., Doudkin M.V., Kim A.l., Guryanov G.A.
D. Serikbayev East Kazakhstan State Technical Usitye Kazakhstan
k.a.i.90@mail.ru

One of the new, and perhaps the most perspectixaajeament directions of screening equipment, asgmeday, in our
opinion, are the screens "with complex excitatibthe material." Sometimes the term "dynamic exiotd is used.
One example of complex impact on the screened rahierspiral vibrating screen design. This scressan aggregate
that combines the principles of drum and vibrasogeens.

New excitation principles of bulk material are usedscreens using «Kroosher» technology, the scheen the
properties of multifrequency resonance oscillatsyistem. Moreover, among the claimed benefits age laapacity,
high screening efficiency, guaranteed effect ofslelaning screens, etc.

Considering the urgency of the research areasiDtBerikbaev East Kazakhstan State Technical Bty EKSTU)
research in this area is conducted for severalsy@dre result of this work is series of new soluidor the use of
relatively simple designs for devices that implettée principle of complex material excitation dretscreen’s sieve
(hereinafter SS - screening surface).

The effectiveness of the screening process cambaneed due to the intensification of one or bd#ges of the
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process. But the intensification of the first stagfescreening is the most promising way to imprdke screens
performance.

For this purpose, initially, we proposed new scrdesign, feed elements (FEs) are fixedly mountevatthe screen
surface, made in the form of rods, mounted on se@drame. This design allows intensifying the psscof mixing the
material on the SS, which speeds up the passate tdwer particles class to the sieve.

Intensification of screening stages is providedflgtly, active motion of FE relatively bulk maiak particles, resulting
in an inhomogeneous behavior of individual materr@nolayers (active mixing); secondly, more effitisieve

loading that allows creating the conditions to maxe pushing and mixing forces.

As a result of the two screening stages intensifina the productivity increases. Also as a restfilimore efficient

surface use is possibility of metal consumptionuctibn, and as a result, screen power consumpfible. main

advantage of the proposed screening method it tbeat be used for the modernization of all type#at screens.

To check the proposed solutions, a number of tlieateand experimental studies were carried oué dbtained data
show that the use of renewable energy leads taditieincreasing of lower grade passage of bulkenmtto the sieve
on 6.6 ... 13.3%. Moreover the required screenagrfppmance is increased by 10 ... 17%.

Thus, it can be concluded that authors proposedvaway to improve the efficiency of the screenimggess (by
appropriate design of new units), which has a figant effect on the screening process kineticsthrdconcentration
state of fine particles in the granular layer;nitrieases the overall screening efficiency due telacation of the first
phase of screening, i.e. time acceleration of palete material passage to the sieve.

ON STRUCTURAL TRANSFORMATIONS UNDER MECHANICAL IMPA CT

Indeitsev D.Al, Meshcheryakov Yul, Skubov D.Y(%, Vavilov D.S!
1 - Institute for Problems in Mechanical EnginegriRussia
2 - Peter the Great St. Petersburg State Polyted)miversity, Russia
londr@yandex.ru

One of the most interesting and promising aredakérmechanics of solids lies in studying structtrahsformations of
material at high strain rates, when a complex semement of crystalline lattice, caused by its lldoss of stability,
occurs during extremely short times, not exceediwg microseconds. Recent experiments on high spgearmation
demonstrate that these changes in microstructungatdrial may exert a serious influence on its ayproperties. At
macroscopic scale they result in energy loss spenthe transformation of crystalline lattice. Ténds a big
experimental data devoted to the problem, butlitrefjuires an appropriate mathematical model. tha purpose we
consider two-component medium, assuming that isists of two lattices connected by nonlinear forgédh several
equilibria. The method of investigation is basedaafiscrete analogue of continuum model, allowmgredict the time
during which the process of structural transforomatiakes place. Analytical expressions are compaitddresults of
numeric solution performed by finite difference .

STUDYING MECHANICAL PROPERTIES OF MATERIALS INWELD ED JOINTS OF THE VT1-0
TITANIUM ALLOY AND THE 12CR18NI10TI AUSTENITIC CORR OSION RESISTANT STEEL WITH AN
INTERMEDIATE COPPER INSERT BY KINETIC INDENTATION

Veretennikova I.A., Smirnova E.O., Pugacheva NMAchurov N.S.
Institute of Engineering Science, Ural Branch & Russian Academy of Sciences, Ekaterinburg, Russia
irincha@imach.uran.ru

The mechanical properties of the laser-welded jofrthe VT1-0 titanium alloy and the 12Cr18NilOTaisless steel
with an intermediate copper insert are studiechework. It is known that, after penetration, adeel joint, initially
comprising three different components, is char@&adrby an inhomogeneous microstructure, for whieh averaged
properties cannot always be considered. The demfréeterogeneity in the weld and the order of thtues of the
mechanical properties must be clear to investifiatber the performance of the welded joint andtate the problem
of evaluating its stress-strain state. It is shahat this mode provides for an intensive diffusiateraction of the
materials to be joined and the copper plate, allobining a smooth change in the chemical comiposieind is
characterized by the scatter of the mechanicalgstigs in the bulk of the joint. With the appliaatiof a technique for
the determination of the strain-hardening diagranthe results of indentation and scratch testsstrength properties
of the surface layers of the different zones ofwedded joint were determined. Kinetic indentatenmd scratching is
performed on a TI950 Nanotriboindenter test syst€he technique is based on the analysis of thentatien and
scratch test results together with the results mdirmerical experiment on a fine-grid finite elemerddel of the testing
process. The obtained results have been used toflple-stress curves for the zones in the weldeithtjoThe
investigation results will further be used to siatelthe effect of the nonuniform distribution ofehanical properties
on the characteristics of the stress-strain stdte avelded joint under loading, and they will offgractical
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recommendations for further work with this typenadlded joints.
This work was supported by RFBR grant No. 16-384Q0%ol_a.

STUDYING MECHANICAL PROPERTIES OF HETEROGENEOUS MAT ERIAL BASED ON EPOXY
OLIGOMER FILLED WITH SILICA BY MICROINDENTATION

Veretennikova I.AL, Smirnov S.\t, Smirnova E.G, Fomin VM.2, Brusentseva.A.2, Filippov AA.?
1 - Institute of Engineering Science, Ural Branélthe Russian Academy of Sciences, Ekaterinburgsiu
2 - Khristianovich Institute of Theoretical and Aiggl Mechanics, Siberian Branch of the Russian &oayl of
Sciences, Novosibirsk, Russia
irincha@imach.uran.ru

A promising way to increase the performance, poperformance, durability and reliability charactéds of electric

machines is to increase the efficiency of eleckricesulating materials (EIM). The current trend af radical

improvement of the EIM performance is the use oflifner additives of different nature in a compasiticomprising

an oligomeric base (usually epoxy resins produgetbbnage) and a curing agent, which causes bdgmeazation.

The scope of the work is the study of the mecharnicaperties of epoxy resin with silica nanopadglat the
microscale level. A Primer 204 epoxy resin with #uglition of Tarkosil T-20 silica from 1,2 to 3,5 96lume content
with gradual increase of the additive by 0,2 %dwery sample was studied. All the experiments werformed using
a FISCHERSCOPE HM2000 XYm complex. The introductidrmodifying silica nanoparticle additives increaghe

hardness and reduced elastic modulus of Primer &#ky resin. Load, loading time, hold time and &bl
displacement have a significant effect on the bielhaef the material. The processed experimental dahs

demonstrated that the test material exhibits visggsoperties at the micro level, manifested im #xistence of the
creep and stress relaxation phenomena.

This work was partially supported by RFBR grant 1§-08-01154 A in terms of developing research ouh

MECHANICAL PROPERTIES AND FRACTURE BEHAVIOR OF THE BIMETAL PRODUCED BY
EXPLOSION WELDING UNDER LOW-CYCLE FATIGUE

Veretennikova I.A., Vichuzhanin D.l., Michurov N,Smirnov S.V.
Institute of Engineering Science, Ural Branch & Russian Academy of Sciences, Ekaterinburg, Russia
irincha@imach.uran.ru

The scope of the work is the study of the mechapiagperties of the "copper M1 — steel 09G2S" astdél 08Cr18Ni9
- steel 09G2S" bimetals obtained by explosion wadinder low-cycle fatigue. All the low-cycle exjments were
performed using a INSTRON 8801 complex on a sirdadatycle with a loading frequency of 5 Hz. It imalates a
condition of relatively rare and significant cyclizadings. The coefficient of cycle asymmetry isazeBy results of
tests the number of cycles before damage at diffdim/els of maximum stress was carried out. Funtioge the
mechanical properties of single-layer strips 0€s@3Cr18Ni9, steel 09G2S, copper M1 were deterthatehe similar
experimental conditions. The following results hdeen received. The welded seam have a signifieff@tt on the
behavior and strength of the bimetal. The procegsqukrimental data has demonstrated that in castesifin of
bimetal products it is necessary to consider tloe tfzat in case of certain cycle loadings bettendial works, and in
case of others — the initial one-layer metals.

This work was supported by RFBR grant No.16 —3868010l_a_dk.

MATHEMATICAL MODELING OF A MULTIPLY CONNECTED BORDE R OF THE STOKES VISCOUS
FLUID

Viadiev A.V., Chivilikhin S.A.
ITMO University, Russia
avladiev@yandex.ru

The quasi-stationary Stokes approximation is usedeiscribe flows with small Reynolds numbers, sashviscous
fluid, glass[1] and lava[2]. Two-dimensional matregimal models allow us to qualitatively explore geeses occurring
in such flows[3]. The pressure distribution of flun some two-dimensional area can be found asxpansion in
series of harmonic functions [4]. From the presdiistribution, we can calculate the velocity on theundary and
investigate the boundary deformation due to capiflarces, external pressure, centrifugal forcés, e
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The goal of this work is to develop and implemenmhathematical model which describes the evolutibmaltiply
connected boundary by capillary forces.

The following results were obtained. First, a tledical model of evolution of multiply connected Indlary was built.
Second, the pressure distribution in a particubgian was obtained expressed in a basis of the letenpystem of
harmonic functions. Third, from that pressure disttion we computed the velocity of the region herdand
computationally modeled the process of border aedbion.
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ESTIMATION OF THE MOST PROBABLE ZONES OF DETERIORAT ION OF THE PIPELINE PULSE
PNEUMOTRANSPORTATION

Voronin D.V., Istomin V.L., Khlebus K.A.
Lavrentyev Institute of Hydrodynamics of SB RAS,SRia
voron@hydro.nsc.ru

During processing of the fulfilled nuclear fuel thés a necessity of transportation and recyclihfpianed firm waste
materials, namely insoluble in acid solutions oftaheovers of radioactive fuel. These covers aaadported by a flow
of the compressed gas in pipelines of system afgopheumatic transport to collectors and thenharéal place. The
factory experience of operation of pipelines of #ystem shows, that there exist zones of a pipéfirarby a pipe
corner of turn on 9 that are exposed to the most intensive deteitorat

The intensity of the corner wear process, as vwellhsystem of pipelines, depends on many fact@lecity of a gas
flow, angle between a direction of gas velocity gk surface at the corners (corner of attack)centration of a firm
phase in a flow and some others.

In a paper the results of experimental and numlenicaleling of a gas flow in the pipe are presentitti the purpose
of an estimation of zones of deterioration at camistalues of radius of a bend and diameter opipeline.

The model is based on conservation laws of massjentum and energy for non-steady two-dimensionapressible
gas flow in case of axial symmetry. The proces$esssosity, heat conductivity and turbulence h&een taken into
account.

From the analysis of experimental data receivednodel and numerical simulations even within thenieavork of

homogeneous approach it follows that there ekigtet local zones with of highly increased levetleferioration, that
may result in violation of the whole device prodegdand may influence safety and serviceabilityhef system.

SPECIFIC FEATURES OF GAS IGNITION IN DETONATION CHA MBERS

Voronin D.V}23
1 - Lavrentyev Institute of Hydrodynamics of SB RA&ussia
2 - Novosibirsk State University, Russia
3 - Siberian State University of Telecommunicatiand Informatics, Russia
voron@hydro.nsc.ru

The problem of construction of engine based onrdgion phenomenon is one of the widely studied anynresearch
centers all over the world. There are many techgiodd and scientific aspects here. Vortex or cyiicel chambers are
one of the engine parts. The stability of the flowthe chamber is often interrupted by gas mixtsed-ignition
observed in experiments, although the value of ngesntemperature in the chamber (after the passfdgéial pulse)
is essentially lower than the value of self-ignitid’he reasons of the effect are not quite clehe fiecent paper is
devoted to theoretical and experimental study efaifoblem.

The numerical calculations of the flow field in Epar vortex chamber and cylindrical detonationnsber have been
performed. The model is based on conservation Eweass, momentum and energy for non-steady tweasional
compressible gas flow in case of swirl axial symmmeThe processes of viscosity, heat conductivitg &urbulence
have been taken into account. It was found thatsitian of kinetic energy of gas into heat due tocgsses of
dissipation generates “hot spots” in boundary lsyrthe chamber walls. The gas temperature apibies may exceed
the temperature of gas ignition (T =1200 K), white surrounding regions remain still cold. It maythe reason of
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cold gas self-ignition observed in experiments.

For appreciation of the flow geometry on the appeee of the hot spots the three-dimensional apprbas been used
as well. Three-dimensional numerical simulationseeded the appearance of micro vortexes at theswéthe chamber
that cannot be described within the two-dimensi@pgroach. The existence of such a structure nmeay ldecisive
role in a flow self-ignition (as well as a geneoatiof a mixing zone in case of separate inlet éfied and oxidizer
within the chamber).

To appreciate the influence of turbulence on the ggf-ignition, the numerical simulations of laminflow were
performed on the base of Navier-Stokes equatiortkeasame initial values of the problem parametéos. laminar
flows the mixture self-ignition may occur as wéllthough the maximum value of temperature in laminat spot T =
1370 K is significantly less than turbulent T = 14 at the same instant. So the flow turbulence play decisive role
in possibility of gas self-ignition.

A SPACE-TIME FULLY DECOUPLED WAVELET GALERKIN METHO D FOR STUDYING NONLINEAR
STRUCTURAL DYNAMICS

Liu X., Zhou Y., Wang J.
College of Civil Engineering and Mechanics, Lanzhiniversity, P.R. China
jzwang@Izu.edu.cn

Nonlinear dynamic analysis of structures is quitiaanting and costly job using conventional techegj in which the
changing stiffness matrix resulting from the noetin behavior depends on the displacement and denzargpeated
calculation at each time step, requiring a consioleramount of computations to achieve a steadg. dt#otivated by
such a problem, a space-time fully decoupled Galefbrmulation for analyzing nonlinear structuraynéumics is

developed through the use of the sampling apprdiomdor a function defined on a bounded intervaldombining

techniques of boundary extension and Coiflet-tyj@elet expansion. In such a wavelet method, altioest generated
from the spatial discretization are completely efeent of the displacement, thereby saving coredifle computing
resources. By solving several widely consideretl esblems, results demonstrate that the proposeithad has an
excellent accuracy and efficiency. Most importantlye study also indicates that the proposed wavakthod is

capable of solving the strongly nonlinear problemgh as the extremely large amplitude vibratiowiafular plates.
Even for the bending of circular plates under sackarge deformation, finding a convergent solutisnalso an

extremely difficult task for conventional methodidoreover, a systematic investigation on the nomlingbration of

beams and plates is conducted.

GRAZING INDUCED BIFURCATIONS: INNOCENT OR SINISTER?

Wiercigroch M.
Centre for Applied Dynamics Research, School ofiieering, University of Aberdeen, UK

m.wiercigroch@abdn.ac.uk

In this lecture | will examine nature of subtle ppenenon such grazing bifurcations occurring in sBom@oth systems. |
will start with linear oscillators undergoing impgacwith secondary elastic supports, which have bstewlied
experimentally and analytically for near-grazinghditions [1]. We discovered a narrow band of chelose to the
grazing condition and this phenomenon was obseemsgrbrimentally for a range of system parametersodgh
stability analysis, we argue that this abrupt oeathaos is caused by a dangerous bifurcationhichmtwo unstable
period-3 orbits, created at "invisible" grazinglict [2].

The experimentally observed bifurcations are exglditheoretically using mapping solutions betwesrally smooth
subspaces. Smooth as well as non-smooth bifurcatoe observed, and the resulting bifurcationsadten as an
interplay between them. In order to understand dbserved bifurcation scenarios, a global analysis heen
undertaken to investigate the influence of stablg anstable orbits which are born in distant biéiians but become
important at the near-grazing conditions [3]. A dategree of correspondence between the experimdrthaory fully
justifies the adopted modelling approach.

Similar phenomena were observed for a rotor systémbearing clearances, which was analysed nuwérif4] and
experimentally [5]. To gain further insight intoetlsystem dynamics we have used a path followindnoadeto unveil
complex bifurcation structures often featuring denogis co-existing attractors.
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TWO-DIMENSIONAL THEORY FOR DESCRIBING OF RAYLEIGH W AVE FIELD IN LAYERED
CYLINDRICAL SHELL

Wilde M.V.
Saratov State University, Russia
mv_wilde@mail.ru

The far-field of the non-stationary Rayleigh wagecharacterized by jumps, high-frequency vibratidosalization
near the surface. The numerical solution of cowadmg 3D problems is difficult and requires mudime for
calculation. On the other hand, the 2D classicdlrafined theories of shells and derivation techagfor such theories
as series expansion of 3D fields in the normal afiibe, asymptotic integration, variational methogls. are not
applicable in the vicinities of wave fronts. Indhwork, a two-dimensional asymptotic theory is g, which allows
to calculate far-field of Rayleigh wave in an infenlayered cylindrical shell subjected to nondistadry surface load.
The theory is based on the asymptotic techniquesldeed in [1-4]. First the asymptotic model is stwacted which
includes hyperbolic equations describing the pragiag of the wave along the surface and a sequeh&richlet
problems for the Laplace equation describing expbakly decaying wave field in each of the layeFbese problems
are solved explicitly with Poisson'’s integral, thelhthe unknown functions are consequently exme$s terms of the
functions defined on the surfaces. Thus a systenwofintegro-differential equations is obtained the functions
which do not depend of thickness coordinate, soptioblem is reduced to two-dimensional one. By\deg of the
model it is assumed that the elastic propertigb@iayers satisfy the following condition: the sgeof Rayleigh wave,
for which the model is derived, is less than theashwave speeds in all the layers. The numericamples are
presented which confirm the applicability of theposed theory by comparison with the exact solution
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ELECTROHYDRODYNAMICALLY DRIVEN TWO-PHASE HEAT TRANS PORT DEVICES

Yagoobi J.
Worcester Polytechnic Institute

jyagoobi@wpi.edu

Electrohydrodynamic (EHD) conduction pumping of iglekctric liquid arises from the interaction of tiheduced
electric fields and flow fields via the Coulomb der The required free charges come from the de$oc and
recombination of neutral electrolytes present mfluid. When the external electric field excead$reshold, the rate
of dissociation exceeds that of recombination. r&éhe a non-equilibrium heterocharge layer thamf®in the vicinity
of each electrode due to ion motion caused by tbeldinb force. The attraction of the ions preseithiw the
heterocharge layers to the adjacent asymmetridretkzs of a given pair causes bulk fluid motiontle desired
direction.

This presentation will illustrate the EHD conductipumping mechanism and its resultant transportacieristics.
Specifically, the heat and mass transport resuftiogn EHD conduction pumping of a dielectric fliidmacro-, meso-,
and micro-scales in the presence and absence sé ghange (liquid/vapor) will be described.

EHD pumps are simple in design, light weight, noeehmanical, free of vibrations and noise, and thigwafor
effective active control of heat transfer and ntaassport. EHD pumps require minimal electric poteeoperate. The
resultant heat transport capacity is typically ¢hoeders of magnitude larger than the electrictipmuver.
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SKIN EFFECT OF REDISTRIBUTION OF DISSOLVED HYDROGEN IN METALS UNDER TENSION

Yakovlev Yu.A., Mansyrev D.E., Polyanskiy S.V.
Institute for Problems in Mechanical EngineeringR/&Russia
va@electronbeamtech.com

Plastic deformation is accompanied by structuralrrengement of the material. Prediction and diaigno§ such
adjustment is an important task, since for stratoraterials, the plastic deformation precedesitstruction.

One of the important features of plastic deformat®the redistribution of natural hydrogen thainside metals. This
process is associated with a number of mechanf@i@mena, ranging from the diffusion of hydrogeo the zone of
tensile stresses and ending with a change in #eedithe structural elements of the metal andaftygearance of new
structural defects.

Studies show that there is a good correlation betvike concentration of diffusively mobile hydrogemd the value of
plastic deformation, in many cases they are liyeaiated.

The report describes a new effect, discovered byatlithors in the process of investigating specinteoken with
different degrees of plastic deformation. A carefuldy of the distribution of hydrogen concentraticshows that all
changes that are associated with plastic deformaiaxzur in the surface layer of about 20® in thickness. This
thickness is approximately equal to the size oftle¢al grains.

This result agrees well with the data on the thédenof the layer providing residual stresses aftestic deformation.
According to our earlier estimates, the transitiorplastic flow is associated with the forces afface tension of the
metal grains.

Thus, this result gives evidence submitted on tifase nature of the damage accumulation duringtipldeformation.
On the one hand, this is the basis for developiathods of technical diagnostics of damage by thie sif a thin layer.
On the other hand, the obtained data makes it lplessd develop methods for reducing the damage lastio
deformation by treating the metal surface.

NUMERICAL MODELLING OF SURFACE-REINFORCED TUBE ROD STRUCTURES

Baltov A.l., Yanakieva A.Ya.
Institute of Mechanics, Bulgarian Academy of Sces)Bulgaria
aniyanakieva@imbm.bas.bg

The study treats rod structures consisting of tulvesse external surfaces are reinforced by meansuitéble
reinforcing material (reinforced composites, splecianomaterials etc.). It is assumed that the teldyy of
reinforcement deposition is diffusive (painting,\mrization, some electrochemical methods of ddfwegi Thus a
transition area of gradual penetration of the m@itément into the basic material (substrate) ensetgewever, to solve
the diffusion problem, one needs to find the diffuscoefficient which turns to be a complex expenal task.
Hence, the authors use another approach, propasjogdratic approximation of material elastic madulvhich varies
within a range bounded by the elastic modulus efr#inforcement and that of the substrate. A corplbe structural
element is thus formed having two areas with smumaifisition between them: a substrate (core) ananaition area. It
is assumed that the element deformation underrgadinon-homogeneous linear-elastic, without damégading is
static (axial tension/compression) applied undemad temperature and humidity. The linear axiahiss are constant
within the core and following a quadratic parabddiev within the transition area-strain transitiogtlween both areas is
also smooth. Stresses are distributed evenly witencore and non-linearly within the transitiorarA rod under
tension is separately considered and its strersgtialculated. Moreover, a compressed rod is alatysed assuming a
possibility of rod stability loss. Tension stiffreeand bending stiffness of the complex tube areutatied considering
eventual stability loss under bending. The autloarttine a possibility to homogenize the tube stitait element using
the stiffness values and employing FEM codes fanmex tube rod structures. The quadratic approxanatare
performed within an arbitrary thin transition a@& their accuracy is close to that of the FEMdalttons.

Such an approach yields stress and strain exprsssidiich involve the thickness of the transitisaaaand the edge
axial deformation. Those two parameters of the @prate calculation model are found using the déopiiim
conditions and solving 3d degree algebraic equstiofihus, the approach becomes practically usefuhumerical
example is set forth in the study proving modelligppility and a possibility of decreasing the sture weight by
using thinner but appropriately reinforced tubes.

The analysis of the complex structure shows thi #@dvisable to deposit a material with combinesinforcing and
protective) properties instead of deposing regaitdicorrosion and fireproofing layers.

114



THE LATERAL STABILITY PROBLEM AND NUMERICAL SIMULAT  ION OF A SLENDER DELTAWING
DURING SELF-EXCITED WING ROCK

Yang X., Liu X., Chai Z., Ge M.
Department of Aerospace Science and Engineeringomd University of Defense Technology, Changshenéh,
China
yangxl_nudt@sina.com

The Lateral stability problem of modern combat m@fcin high angle of attack is an important issakated to flying
safety. This investigation foucus on the sideskidviors of a slender delta wing during self-extitgng rock. The
nonlinear double degree of freedoms aerodynamicdeiis established for governing the coupling mogemin
combined free-roll and free-sideslip motion. Them, numerical investigation is conducted on the dyinam
characteristics of an 80° delta wing in combineskfroll and free-sideslipby solving flow governieguations and
Euler rigid-body dynamics equations simultaneouishplicit, upwind, flux-difference splitting, fint volume scheme
and the second-order-accurate finite differencesehare employed to discrete and solve these gageeguations.
The governing equations of fluid and movementssaleed alternately with a coupling method, eitlwrsely coupling
or tightly coupling, both coupling methods are dissed. Well-regulated sideslip oscillation is oliedras expected.
The sideslip behaviors are mostly affected by thé ascollatory properties, i.e., the frequenciesl hases. The
loosely coupling method achieved considerably igfficy and accuracy.The behaviors of double DOF$amd$ more
complicate than that of single DOF wing rock.

EXPERIMENTAL RESEARCH OF VISCOELASTIC PROPERTIES OF HIGHLY-FILLED POLYMERS
UNDER COMPLEX HARMONIC LOADINGS

Yankin A.S., Bulbovich R.V.
Perm National Research Polytechnic University, Russ
yas.cem@yandex.ru

The topic relevance is due to: the use of higHlgdi polymer composites in important aerospacectiras and other
industries; the action of complex harmonic loadingsstructures where highly-filled polymers aredjsthe need to
develop methods of experimental research and foedd&formation properties of materials and catimtamethods for
structures working in extreme conditions.

The aim of this research is to develop methodsctmducting the experiment, to define viscoelasdcameters of
highly-filled polymer composites under stationamyotfrequency (dual-frequency) loadings, and to fienthe
mathematical model for calculating the stress-ststate of viscoelastic aerospace structures.

As a result of this work, nonlinear representatibistress and strain under two-frequency loadingsewpresented. It is
based on representation developed by Volterra [1t3}as used polynomials to describe viscoelagticameters on
frequency, a time-temperature superposition foraiteunting of the viscoelastic properties on #mperature, and the
Fourier series to determine the viscoelastic patarselt was also developed experimental desigteraened material
constants, and checked the model adequacy.

The work was supported by Grant of the Russian &ation for Basic Research (grai 16-31-00230).

References

[1] Lakes R. Viscoelastic Materials. Cambridge Wmgity Press, 2009.

[2] Brinson H.F. Brinson L.C. Polymer Engineeringiéhice and Viscoelasticity. Springer Science + Bess Media,
2008.

[3] Rabotnov Y.N. Elements of Hereditary solid Maalts. MIR Publishers, 1980.

FOUR-ION MODEL OF AN ELECTROHYDRODYNAMIC FLOW INTH E TWO-WIRE ELECTRODE
SYSTEM

Zakirianova R.E., Stishkov Yu.K.
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The structure of an electrohydrodynamic flow ofettjon type is defined by electrophysical and etedtemical

properties of the working fluid, as well as themedies of the electrode-liquid contact. The elsdtemical asymmetry
of the electrode-liquid contact is required in fyenmetrical electrode system to pump fluid throttgh system, which
can be achieved if electrodes made of differenienas or with different coatings or using a liqwigth an electron-
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acceptor impurities.

Previous works analyzed the structure of EHD flovitie symmetric electrode system and ascertaireedftct of the
injection intensity on each electrode upon the kiagc and dynamic structure of the EHD flow [1, Zomputer
simulation of generation and development procestheflatter showed that charge plug can form beleledtrode
under certain conditions; this inhibits the throyglmping of liquids and can be removed by selectivegimpurity
composition of the liquid for the injection to pemd on the surfaces of both electrodes [3]. Eatbenputer simulation
of the EHD flow, observed in the open channel, yred the effect of the level of the low-voltage doctivity [4] and
dielectric walls on the flow structure [5].

Four types of liquid ions form in the symmetric t8ya of electrodes, where a through flow of the dtign type is
realized: those resulting from the injection frome tlectrodes and those dissociated in the bulthdrconnection, the
paper presents the results of computer simulatfoined generation and development process of the -Hblis in a
symmetric system of two wire electrodes in a closkednnel on the basis of a complete set of EHD t&zns& which
takes account of four ion varieties.

As the result of simulation, the main featurestaf injection-type EHD flow were obtained. A spedidture of the
model is the capability to analyze the processesutiial recombination of injected and dissociatatsi In addition,
the model with the closed channel allows accounfmgthe impact of the uncompensated charge oncyudic
development of EHD flows and that of differenceshie properties of injected and dissociated ions.
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MULTISCALE STRUCTURE OF POLYNOMIAL DYNAMICS

Fedorova A.N., Zeitlin M.G.
IPME RAS, Russia
zeitin@math.ipme.ru

We consider a wavelet based multiscale descrigbomonlinear optimal dynamics (energy minimizationa high

power electromechanical system as a key example).

In a particular case, we have the solution as i@asen shifted Legendre polynomials parametrizedhleysolutions of
the reduced algebraical systems of equations. & dhneral case, we represent the solution via soalg

decomposition in the base of various families ahpactly supported wavelets. In this case the smius parametrized
by solutions of two reduced algebraic problems, asdn the first case and the second one is samarliproblem
obtained from the popular wavelet constructionst Méavelet Transform, Stationary Subdivision Scherntge method
of Connection Coefficients. Such a machinery allavgsto consider maximally localized bases in theeulying

functional spaces together with most sparse repraten for all type of operators involving in thtial set-up.

All that provides the best possible convergence@nies and as a result our numerical modelingdsenfiexible and
saves CPU time. In addition, the final represeotais parametrized by the reduced pure algebraistoaction (the so-
called general dispersion relations) and allowstaissolve the dynamical or optimal control problefenergy

minimizatin, e.g.) in a most effective way.

QUASICLASSICS IN WIGNER-MOYAL-VON NEUMANN FRAMEWORK  VIA MULTIRESOLUTION

Fedorova A.N., Zeitlin M.G.
IPME RAS, Russia
zeitin@math.ipme.ru

We present the application of our variational-nsaiéle approach to numerical/analytical calculationshe general
guasi-classical set-up. The starting points are néfigVeyl-von Neumann framework as well as Moyaliepn
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deformation quantization. Our technique allows tiver all complicated underlying features of compmpmantum
dynamics based on the proper choice of backgrounctibnal spaces which determine dynamical propetibgether
with the internal structure of pseudo-differentiglerators incorporated in the full hierarchy of Wéglike equations
describing the evolution of the quasiprobabilityted trivial gaussian-like area with pure postitivégner functions.
The choice of hidden underlying symmetry and ifsresentation on the orbits of proper actions previd with the
filtration of the background Hilbert space of stateghich implies the whole tower of internal hiddszales by using
multiresolution decomposition.

All that allows to consider maximally localized euiam states and most sparse representation feetadif observables.
At the same time the orbit structure allows to édersbasic non-local phenomena like entanglemett wossible
subsequent decoherence.

Our main applications in this consideration aretesl with a description of quantum properties imlim@ar beam
dynamics, both in accelerator and plasma physitsith general background provides all possibiliteedescribe the
modeling of prototypes of any future quantum desice

THEORETICAL AND NUMERICAL ANALYSIS OF THE FLOW SEPA RATION CRITERION FOR
HYPERSONIC NONEQUILIBRIUM FLOW OVER COMPRESSION COR NER

Zeng M., Zhao X., Ge M., Yang X., Liu W.
College of Aerospace Science and Engineering, Nakioniv. of Defense Technology, Changsha, China
ming_z@163.com

Through combining the Triple Deck theory in the Igti@al treatment of shock wave boundary layer iat¢éions and
the numerical simulation of hypersonic nonequilibmi flow over compression corner, the influence deston flow
separation are analyzed, and a criterion parametpredict whether the separation occurs is praghoEbe criterion
parameter 9 is the product of the powers of the corner angie,free stream Ma number and Reynolds number, and
the Chapman-Rubesin parameter. It is based orxtbéng formula of the incept separation angledalorically perfect
gas flow, but the reference temperature and theesponding viscosity in the calculation of Chapnrarbesin
parameter are determined by the reference enthethychemical equilibrium assumption, which intregs the high-
temperature gas effects. The powers in the critep@rameterS) and the critical value d% for incept separation are
determined through large number of numerical sitiuta of hypersonic nonequilibrium compression eottow for 3
corner angles (15, 18 and 24 degrees), where tlieéZtream Mach numbers range from 8 to 35, éhga3 densities
are corresponding to the altitudes from 30 to 65km,freestream Reynolds numbers range from 10GIDE000.

The research is funded by the National Natural SmeFoundation of China (11572348).

THE ROLE OF SYNCHRONIZATION IN TRANSITION TO TWO-DI MENSIONAL AND THREE-
DIMENSIONAL TURBULENCE

Zhilenko D.Yu., Krivonosova O.E.
Lomonosov Moscow State University, Moscow, Russia
jilenko@imec.msu.ru

Turbulent flows of a viscous incompressible fluida layer between rotating concentric spheres uthdeaction of the
modulation of the velocity of one of the spheresehdeen studied experimentally and numerically. ¥§ed an
algorithm of numerical solution based on a congdaredinite difference scheme of the discretizatminthe Navier—
Stokes equations in space and semi-implicit Rungétakscheme of the third order integration accuracyime.
Discretization in space was performed on grids ndfotm in radialand meridional directions with concentration near
the boundaries and equatorial plane. The experahsetup consisted of two coaxial spheres. Theespatween the
spheres was filled with silicone oil to which alumim powder was added for visualization of flowseTiotation
velocity was periodically varied. Agreement was whoto be between the experimental and calculatedlte
including the integral properties of turbulent fewThe possibility of the formation of turbulencethwspectra
qualitatively similar to spectra obtained in measuents in the upper atmosphere is established:thétslope close to
-3 at low frequencies and close to —5/3 at higlyueacies and with the negative longitudinal veloatructure
function of the third order. It has been shown thath spectra are formed in the regions of a float &are strongly
synchronized under the action of the modulatiothefrotational velocity.
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SOLUTIONS OF MECHANICS PROBLEMS WITH STRONG NONLINE ARITY

Wang J., Liu X., Zhou Y.
College of Civil Engineering and Mechanics, Lanzhniversity, China
jzwang@Izu.edu.cn

A high-order wavelet method is developed for gelneoalinear boundary value problems in mechanitss Tmethod is
established based on Coiflet approximation of mldtiintegrals of interval bounded functions combingith an
accurate and adjustable boundary extension tecéniche convergence order of this approximationdeen proven to
be N as long as the Coiflet with N-1 vanishing mammis adopted, which can be any positive even ar®gError
analysis has proven that the proposed method ierdxd and condition numbers of relevant matrices @most
independent of the number of collocation pointsarffgles of a wide range of strong nonlinear problemmechanics,
including the extremely large deflection bendingtates and shells, demonstrate that accuracyegbithposed method
is even greater than N, and most interestinglyh siacuracy is independent of the order of the wdifigal equation of
the problem to be solved. Comparison to existingienical methods further justifies the accuracy effitiency of the
proposed method.

FLEXURAL-GRAVITATIONAL WAVE PROPAGATION THROUGH PER 10DIC STRUCTURES IN
FLOATING PLATES

Zhuchkova M.G.
Institute for Problems in Mechanical Engineeringhed Russian Academy of Sciences, Russia
m.zhuchkova@list.ru

The periodic structure is formed by regularly sphagay of straight-line obstacles in a floatingtplof infinite extent.
We study transmission of waves having a small aogidi through the structure and derive exact arallysiolution for
the wave field by applying Floquet theory. In eduriuim the fluid under consideration has the comstiaite thickness.
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THREE-DIMENSIONAL CELLULAR-AUTOMATA FINITE-DIFFEREN  CE MODEL TO EVALUATE
GRAIN STRUCTURE DURING LASER ADDITIVE MANUFACTURING

Zinovieva O., Zinoviev A., Ploshikhin V.
University of Bremen, Germany
zinovieva@isemp.de

Laser additive manufacturing has received considerattention in recent years due to its succesgfplication in the
fabrication of complex three-dimensional parts cfise from a computer model. The mechanical propsridf the
additive manufactured components are known to dipsaentially on their microstructural charactar$stNotably, the
microstructure of additive manufactured materiaifecs significantly relative to that of materiajgroduced by
conventional methods due to the rapid heating amdexjuent cooling during the additive manufactupnocessing.
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Thus, an accurate prediction of the microstructexalution will contribute to the design of compatewith tailored
properties.

In this work, a cellular automata model to desctifbe grain growth in solidification process andiraté-difference
method to describe the heat transfer are couplesinolate the evolution of grain structure durirgjestive laser
melting. The Goldak double ellipsoid model is adapto calculate the heat input produced by a molasgr beam
during the process. A polycrystalline substratédhweiquiaxial grains is generated by simulation oftiple grain growth
in the uniform temperature field cooled down atamstant rate. To generate a non-textured substateriginal
approach is used. In the SLM simulations, we carsidunidirectional scanning strategy. Severalrlpasses in each
powder layer treated as a continuous isotropic umedare simulated. Several powder layers are coregidelhe
dynamics of grain growth during SLM in three dimiens is simulated with the use of the approach @sep.
Spherical projections and pole figures are useshtdyze the grain structure. The simulation resuéscompared with
experimental data presented in the literature. Mbedel developed can be used to analyze and prigiatorrelation
between processing parameters and grain structadddive manufactured specimens.

Support of the Central Research Development Furtkdeobniversity of Bremen is gratefully acknowledge

ATOMIC MECHANISMS OF NUCLEATION AND DEVELOPMENT OF PLASTICITY IN VANADIUM
UNDER MECHANICAL LOADING

Zolnikov K.P., Kryzhevich D.S., Korchuganov A.V.
ISPMS SB RAS, Russia
kost@ispms.tsc.ru

The molecular dynamics simulation of nucleation amdlution of plasticity in the vanadium crystalivith interfaces
(grain boundaries and free surfaces) under mechialoiading was carried out. Various schemes oftafyte loading
were realized. The volume of crystallite was natraded during mechanical loading in order to sineuiest behavior in
constrained conditions. Vanadium crystallites witterfaces were deformed by the uniaxial uniformsten. It was
shown that thermal fluctuations caused the gemeraif the structural defects. Abrupt growth of nembefects took
place when deformation of crystallite reached aghold value. The characteristic sequence of attramsformations
on the first and second coordination spheres waeafted. The correlation between atomic transfomnatiand
thermodynamic parameters at various schemes dfatlites deformation was shown. The influence of tleformation
rate and temperature on peculiarities of nucleatiod development of the defect structure in thestafltes of
vanadium was investigated.

The work is done in the framework of the Progranefieindamental research of state academies of Segefor 2013-
2020.
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