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Plenary Lectures 
 
M. Alves 
University of Sao Paulo, Brazil 
Impact engineering 
In this talk the field of impact engineering will be explored. Various examples will be 

presented, showing the importance of theoretical methods side by side with the experimental and 
numeric alones. Some background on material behaviour, scaling, experimental techniques will 
allow the audience to follow up the various aspects of this engineering field. The following topics 
will be covered in some details: material failure, buckling, car design, material characterization, 
experimental techniques and protective structures. 
 

M. Basista 
Institute of Fundamental Technological Research, Polish Academy of Sciences, Poland 
Micro-CT based numerical modeling of residual stresses and fracture in metal-ceramic 
composites 
In metal-ceramic composites fabricated by powder metallurgy or metal infiltration 

techniques thermal residual stresses (TRS) that arise inside the composite during the cooling 
phase pose a real technological problem as they may lead to an unpredictable cracking of a 
structural component. While technological processes have been significantly improved and new 
materials solutions like graded composite structures (FGM) have been proposed to reduce the 
TRS, much support in tackling this problem can be offered by modeling capable of predicting 
residual stresses in metal and ceramic phases of the composite. 

This paper presents an approach to TRS modeling that incorporates real microstructure 
images obtained from X-ray micro- computed tomography instead of making assumptions on the 
composite morphology like in micromechanics. It shows how the FE mesh can be created from 
micro-CT data and discusses limitations of this procedure. The method is applied to predict 
residual stresses in ceramic and metal phases of several types of composites with different 
microstructure: hot pressed Cr/Al2O3 and NiAl/Al2O3 particulate composites, interpenetrating 
phase composite AlSi12/ Al2O3 made of porous alumina ceramic preform infiltrated with molten 
aluminum alloy. The results of numerical simulations of TRS are confronted with the 
experimental data from neutron diffraction measurements done at the European facilities 
(neutron sources). In addition to the TRS model the micro-CT based FEM is used to compute 
fracture parameters (e.g. J-integral) for infiltrated metal-ceramic composites, which exhibit 
complex irregular microstructure. 

 
K. B. Bozdogan 
Çanakkale Onsekiz Mart Üniversitesi, Turkey 
Transfer matrix method in structural mechanics 
The Transfer Matrix Method is an effective method which is used in mechanics and provides 

a great advantage especially in solving some mechanical problems. The most important advantage 
of the Transfer Matrix Method is reducing the dimensions of the matrix used in the analysis. The 
most important consequence of this is the saving the time. 

In this study, firstly the Transfer Matrix Method is explained briefly. Then, studies in recent 
years in relation with the transfer matrix method have been briefly summarized. At the end of the 
study, the application of the Transfer Matrix Method to various structural mechanics problems 
has been demonstrated. 

 
A. Dmitruk, K. Naplocha, J. W. Kaczmar, J. Lichota, D. Smykowski 
Wrocław University of Science and Technology, Wrocław, Poland 
Heat transfer in PCM enhanced by Al alloy based PIN-FIN structure 
In this paper the performance of the hybrid heat accumulator based on the PCM(paraffin 

RT-82) and Al alloy with the fins in the shape of the pins (pin-finstructure) was evaluated for the 
constant working conditions and compared with the solution consisting of pure PCM. The applied 
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metallic structure was manufactured by means of the investment casting with the use of replicas 
technique for the designed pattern. The thermal behavior of PCM was tested with the DSC and 
TGA analysis. 
 

A. N. Filippov 
Gubkin University, Moscow, Russia 
Synthesis and study of transport and mechanical properties of hybrid nanocomposites 
membranes for using in fuel cells and sensors 
It is well-known that American cation-exchange perfluorinated membrane Nafion-

117® (DuPont de Nemours) and its Russian analogueMF-4SC (LTD Plastpolymer) are among the 
most widely used asseparators in various devices like fuel cells, electrolyzers, electrodialyzers, 
sensors and investigated ion-exchange materials [1]. Surface and spatial modification of polymer 
ion-exchange membranes byincorporation of different inorganic dopants allows to change their 
characteristics, in particular, stability and structural properties as well as ion and molecular 
transport [2]. Polyaniline [3], nanoparticles of noble metals [4], oxides of zirconium [5] and 
silicon [6], carbon and halloysite nanotubes (HNT) [7, 8] and other materials that can transform 
transport properties of the membranes in the preferred direction are frequently used as such 
dopants. This poses the priority problem of a reliable characterization of the newly created hybrid 
nanocomposites membranes. Here we propose an approach to solve this problem for single- and 
bi-layer hybrid membranes, based on a theoretical examination of the electrodiffusion transport 
and our own experimental data. As dopants, halloysite nanotubes and platinum nanoparticles 
were used. HNT of 2% by weight were added to whole membrane or one of the membrane layers 
during synthesis by casting method. Halloysite clay is a natural tubule material formed by rolled 
kaolin sheets. Halloysite is alumosilicate which is chemically identical to kaolin but typically 
contains minor amount (less than 1 wt%) of ironions. Prior to synthesis, nanoparticles of platinum 
were deposited on the external surface of halloysite nanotubes [9]. A similar attempt to membrane 
characterization was made in our recent work [10] for the surface-modified MF-4SC membranes 
in low-temperature plasma. Thus, halloysite nanotubes are used not only as a container for the 
delivery of metallic nanoparticles inside the membrane matrix, but also as a hydrophilic object, 
which increases the moisture content of the membrane. This suggests that under the operating 
conditions of the fuel cell the crossover through the modified membranes will be lower. So, ion-
exchange membranes with enhanced water uptake are interesting for fuel cells applications 
because make it possible to improve the properties of fuel cells. It was shown alsothat introduction 
of halloysite in perfluorinated matrix MF-4SC reduces both maximum power of the membrane-
electrode block of FC and the range of operating current densities, while the subsequent addition 
ofplatinum compensates for the negative effect of halloysite adding: the maximum specific power 
becomes higher than for the original (pure)membrane by 5%, the operating current density range 
increases. 

We experimentally established and theoretically described the phenomena of asymmetry of 
diffusion permeability and asymmetry of current-voltage curve for bi-layer nanocomposites when 
changing membrane orientation towards the electrolyte concentration gradient or direction of 
external electric field applied. These phenomena are very promising in developing of membrane 
sensors and diodes. Our novel approach to characterization of membrane nanocomposites allows 
predicting transport properties of bi-layer structures basing on knowledge of transport properties 
of single-layer membranes. We examined also mechanical properties of single-layer membranes 
(Young's modulus, stress at the rupture) and found best percentage of dopants in view of optimal 
combination of mechanical and transport properties of hybrid materials. 

This makes it possible to predict the effective use of hybrid membranes based on MF-4SC 
and halloysite nanotubes with platinum nanoparticles, not only as separating diaphragms in fuel 
cells and electromembrane devices, but also as promising catalytic systems as well as membrane 
sensors and diodes. 

This study was supported by the Ministry of Education and Science of the Russian 
Federation (Grant No 14.Z50.31.0035). 

REFERENCES 
[1] Pourcelly G, Nikonenko VV, Pismenskaya ND and Yaroslavtsev AB (2012) Ionic interactions 
in natural and synthetic macromolecules. In Ciferri A and Perico A (eds) Applications of Charged 
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Membranes in Separation, Fuel Cells and Emerging Processes., John Wiley & Sons Inc, 
Hoboken, USA, pp. 761-816. 
[2] Safonova EYu., Yaroslavtsev AB (2016) Prospects of practical application of hybrid 
membranes. Petroleum Chemistry 56(4): 281–293. 
[3] Kononenko NA, Loza NV, Shkirskaya SA, Falina IV, Khanukaeva DY (2015) Influence of 
conditions of polyaniline synthesis in perfluorinated membrane on electrotransport properties 
and surface morphology of composites. J. of Solid State Electrochemistry 19(9): 2623-2631. 
[4] Yaroslavtsev A, Nikonenko V (2009) Ion-exchange membrane materials: properties, 
modification, and practical application. Nanotechnology in Russia 4(3): 137-159. 
[5] Silva V, Ruffmann B, Silva H, Mendes A, Madeira M and Nunes S (2004) Zirconium oxide 
modified sulfonated poly (ether ether ketone) membranes for direct methanol fuel cell 
applications. Materials Science Forum 455-456: 587-591. 
[6] Filippov AN, Safronova EYu and Yaroslavtsev AB (2014) Theoretical and experimental 
investigation of diffusion permeability of hybrid MF-4SC membranes with silica 
nanoparticles. Journal of Membrane Science 471: 110–117. 
[7] Ajmani GS, Goodwin D, Marsh K, Fairbrother DH, Schwab KJ, Jacangelo JG, Huang H (2012) 
Modification of low pressure membranes with carbon nanotube layers for fouling control. Water 
Research 46(17): 5645–5654. 
[8] Filippov Anatoly, Khanukaeva Daria, Afonin Denis, Skorikova Galina, Ivanov Evgeny, 
Vinokurov Vladimir, Lvov Yuri (2015) Transport properties of novel hybrid cation-exchange 
membranes on the base of MF-4SC and halloysite nanotubes. Journal of Materials Science and 
Chemical Engineering 3: 58-65. 
[9] Filippov Anatoly, Afonin Denis, Kononenko Natalia, Lvov Yuri, Vinokurov Vladimir (2017) 
New approach to characterization of hybrid nanocomposites. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects 521: 251-259. 
[10] Filippov A, Afonin D, Kononenko N and Shkirskaya S (2015) Characterization of 
Perfluorinated Cation-Exchange Membranes MF-4SC Surface Modified with Halloysite 
Nanotubes. AIP Conference Proceedings 1684: 030004-1–030004-9. 
 

P. Georgievskiy, V. Levin, O. Sutyrin 
Institute for Mechanics of Lomonosov Moscow State University, Russia 
Shock refraction and focusing upon interaction with cylindrical cloud of equilibrium dust  
Shock propagation through dusty gas takes place in wide array of problems, including such 

important topics as coal mine explosion safety and shock-impulse methods of powder coating. 
The key role is played by interaction of with local clouds of suspended particles. An interaction of 
a shock with cylindrical cloud of low-concentration quartz dust is studied in the present work. A 
model of equilibrium dust-gas mixture based on Euler’s equations [1] is used. Refraction and 
focusing processes of the incident shock are described. Two qualitatively different interaction 
patterns – internal and internal – depending on dust concentration in the cloud are found. A 
dependence of peak shock focusing point and focusing intensity on dust volume concentration in 
range from 0.01% to 0.15% is determined. With dust concentration increase, focusing point 
approaches the cloud edge and shifts into the cloud, while shock focusing intensity rises non-
monotonically. 

This study was performed using the computational resources of the Moscow State 
University cluster with financial support of Russian Foundation for Basic Research (project no. 
16-29-01092) and Council for Grants of the President of the Russian Federation (project NSh-
8425.2016.1). 

REFERENCES 
[1] Georgievskiy P. Y., Levin V. A., Sutyrin O. G. Shock focusing upon interaction of a shock with 
a cylindrical dust cloud. Technical Physics Letters. 2016. Vol. 42, No. 9. P. 936-939. 
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A. Liolios1, K. Liolios2, K. Georgiev2, I. Georgiev2, A. Moropoulous1, S. Radev3 
1 Democritus University of Thrace, Xanthi, Greece 
2 Institute of Information and Communication Technologies – BAS, Bulgaria 
3 Institute of Mechanics – BAS, Bulgaria 
A numerical approach for the seismic upgrading by ties of historic reinforced concrete 
buildings under shear effects 
The present study deals with a numerical approach for the seismic response of existing 

industrial reinforced concrete (RC) structures, which are elements of the recent built Cultural 
Heritage. These RC structures have been damaged due to extreme environmental actions and are 
to be seismically upgraded by using cable element (tension-ties). Special attention is given to 
flexure-shear failure effects. A double discretization, in space by the Finite Element Method and 
in time by a direct incremental approach, is used. The unilateral behaviour of the cable-elements, 
which can undertake tension stresses only, is strictly considered and results to inequality 
constitutive conditions. Finally, using damage indices, the optimal strengthening version of cable-
systems is chosen for the case of multi-storey RC frames under seismic sequences of multiple 
earthquakes. 
 

G. D. Manolis, A. A. Markou 
Aristotle University of Thessaloniki, Greece 
Analytical and numerical solutions for the nonlinear response of high damping rubber 
bearing isolators 
High damping rubber bearings (HDRB) have been in use for the seismic isolation of 

structures worldwide for well over thirty years. In this work, we first discuss mechanical models 
currently available for the simulation of the compressive/shear response of HDRB to seismic 
loads. Given the extremely complex and highly nonlinear behavior of these devices, no model is 
able of capturing every single aspect of their dynamic response. Issues and uncertainties involved 
in the characterization of this complex behavior are then pointed out. These include coupled 
bidirectional horizontal motion, coupling of vertical and horizontal motion, strength and stiffness 
degradation during cyclic loading, and variation in critical buckling load capacity due to lateral 
displacements. 

The best-known model for numerically simulating the hysteretic behavior of structural 
components is the bilinear hysteretic system. There are two possible mechanical formulations 
that correspond to the same bilinear model from a mathematical viewpoint. The first one consists 
of a linear elastic spring connected in series with a parallel system comprising a plastic slider and 
a linear elastic spring, while the second one comprises a linear elastic spring connected in parallel 
with an elastic-perfectly plastic system. However, the bilinear hysteretic model unable to describe 
either softening or hardening effects and has therefore been extended to a trilinear one. We 
discuss here two trilinear hysteretic models (THM) that exhibit a total of three plastic phases. 
More specifically, the first model exhibits one elastic phase, while the second one exhibits two 
elastic phases according to the level of strain amplitude that develops during loading. 
Additionally, the change of slope between the plastic phases in unloading does not occur at the 
same displacement level in the two models. Furthermore, in the first trilinear model the 
dissipated energy per cycle, as proven mathematically and explained physically, decreases in the 
case of hardening and increases in the case of softening, while in the second trilinear model the 
dissipated energy per cycle remains unchanged, as is the case with the bilinear model. 

Based on the first trilinear model for which analytical solutions are possible, a time stepping 
numerical method is developed here based on the original Newmark’s method for either constant 
or linear accelerations. This is a necessary step, because a recently developed generalized THM 
cannot in general be solved analytically. The Newmark method variant used here is recast in a 
way that is best suited for the numerical analysis of HDRB specimen that have been tested and 
experimentally obtained data is available. More specifically, the first THM model is solved 
analytically and calibrated against free vibration test results. Then, this model is solved 
numerically with the restructured Newmark’s time integration algorithm and nearly perfect 
agreement is observed between all these solutions. Finally, this numerical solution capability will 
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allow for extension of the THM to bidirectional horizontal motion and to time-varying vertical 
loads, where only numerical solutions will be possible. 
 

T. Schanz, C. Zhao, A. A. Lavasan 
Ruhr-Universität Bochum, Germany 
A hybrid modeling approach for numerical simulation of mechanized tunnel excavation 
This study proposes a novel computational method for numerical simulation of mechanized 

tunnel excavation. This technique is called hybrid modeling that combines the capacity of a 
process-oriented simulation model (submodeling) for mechanized tunneling to accurately 
describe the complexities involved in the progressive excavation process and soil-tunnel 
interaction with the computational efficiency of metamodel which provides the required 
boundary conditions for the submodel. 

The methodology of submodeling is illustrated and applied in both 2D and 3D tunneling 
simulations. The strain energy concept is utilized to check the applicability of assumed submodel 
boundaries. The submodel may or may not be defined with the same constitutive law in 
comparison with the global model. However, the submodel is driven by boundary conditions in 
terms of nodal displacements that are derived from the global model. Furthermore, considering 
the uncertainty embedded in the soil parameters, metamodel is trained to replace the global 
model to provide the boundary conditions for the submodel. By doing so, the computational costs 
in parametric study are significantly reduced, while the complex soil-tunnel interaction can still 
be accurately described. 

Additionally, when the size of submodel is determined in a way that influence of excavation 
process parameters (such as face pressure and grouting pressure) in the given ranges on the 
submodel boundary conditions are negligible, these process parameters can be optimized such 
that tunneling induced soil settlements are kept below a tolerated level without updating the 
submodel boundary conditions. According to the evaluation of model responses in comparison 
with the reference model, it can be concluded that hybrid modeling approach is a powerful tool 
for detailed analysis in the near field around tunnel with reduced computational costs, especially 
in case of parametric study. 

 
V. Stojanovic 
University of Nis, Faculty of Mechanical Engineering, Serbia 
Dynamic stability and vibrations of complex structures 
The complexity of a mechanical systems comes from two main aspects: when the complexity 

stems from the nature of the structure (two or more elastically connected elements) or when the 
complexity stems from the dynamic behavior due to the disturbed simple structure (for example 
a damaged structure). In the case of geometrically nonlinear vibrations, the new improved p-
version of the finite element method is shown on the example of a damaged structure, allowing 
the analysis of the steady-state forced damped geometrically nonlinear vibrations. The 
appearance of longitudinal vibrations of damaged beams is discovered to be a consequence of 
discontinuity (damage). The research describes the cases of stability in detail by using four 
different theories and providing an example of stochastic stability of three coupled oscillators. 
The general investigation gives a detailed description of all the theoretical (analytical and 
numerical) analyses as well as experimental, mathematical modeling and validation using various 
methods (Bernoulli-Fourier method, Modal expansion method, Trigonometric method, Newmark 
method, Harmonic Balance method, Continuation method, Perturbation method, D-
decomposition method, Principle of Argument, Contour integration method, p-version of the 
finite element method and others). 
 

A. Toma1, I. Zheleva2, C. Puscasu1, A. Paraschiv1 
1Romanian Research and Development Institute for Gas Turbines, Romania 
2Ruse University, Bulgaria 
Technical project for a new water purification solution 
This research is part of the Romania-Bulgaria Cross-Border Cooperation Program, project 

“CLEANDANUBE”, Operation: no.2(2i)-2.2-5, code MIS-ETC 653, which has finalised by 
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providing a common strategy to prevent the Danube’s pollution technological risks with oil and 
oil products. 

The presence of oil waste is a major problem in terms of environmental factors, as well as 
economic. These wastes are hazardous for fauna and flora and further investment development is 
needed to greening the affected areas. Waste oil composition is diverse, depending on the types 
of waste and stock of origin and the nature of oil spilled. Waste oil has a composition consisting 
basically of three compounds phase’s types: 

- The first part consists of phase oil and contains various species of heavy hydrocarbon 
compounds and resins or asphalt category. 

- The second phase consists of water in various minerals that are dissolved. 
- The third phase consists of mineral compounds that are in solid phase. 
Separation of the three phases is a difficult technical problem and is realised with high costs. 
This paper presents a new sustainable water purification solution that promotes durable 

development and all the phases prior to obtaining it. A short introduction will be offered, in which 
the Danube oil pollution sources are identified, the legal aspects from the cross-border area are 
studied and a short review on the intervention methods used is specified. Moreover, an overview 
regarding the research and new methods to greening the waste is provided. The theoretical 
aspects of the centrifugal separation phenomenon are studied and the preliminary project bases 
were established. The paper conveys the possible constructive variations and the technological 
implications of those. Ultimately, the technical project for a new water purification solution and 
conclusions with critical points encountered during the designing phase are presented.  
 

V.-A. Vilag1, I. Zheleva2, J.-A. Popescu1, K. Tujarov 
1Romanian Research and Development Institute for Gas Turbines, Romania 
2Ruse University, Bulgaria 
Computational Fluid Dynamics calculus and analysis for gas and water turbines 
The paper presents the utilization of Computational Fluid Dynamics for calculating the flow 

through turbines. The first and most extended part of the paper is focused on gas turbines where 
the simulations are very precise and can be successfully used even for optimization of blade 
geometry. Flow details and results for an axial turbine are presented along with a proposal of 
optimization algorithm. The second part of the paper is dedicated to water turbines and there is 
presented the calculus realized for a kinetic water turbine. I this case, the flow around the turbine 
blades is presented and some data about the predicted performances along with many ways for 
improving the simulations. The conclusions of the paper are related to similarities and differences 
between the two types of simulations and to the many ways of using these simulations for practical 
applications. 
 

F. Wuttke*, A. Sattari, Z. Rizvi, N. Dempwolf 
*Institute of Applied Geo-science, Kiel University, Germany 
Thermo-mechanical fracture simulation of cohesive and bounded solids by Lattice 
Element Modelling 
The fracture processes under thermo-mechnanical fields in cohesive and bounded solids, 

like geomaterial, concrete or further construction materials, covers progressive micro-fracturing 
with reasonable effects on thermal and acoustic conductivities, stiffness's, effective parameter and 
material strength. As a meso-scale method, the common Lattice Element method was extended 
for coupled thermo-hydro-mechanical fields considering fracture process simultions. The current 
paper shows the effects of propagating micro-fractures on the thermo-mechanical parameter 
alteration and effective parameter estimation as well as the benefit of experimental understanding 
by numerical simulations. 
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General Mechanics 
 
E. Abadjieva1 2, V. Abadjiev1, A. Naganawa2 
1 Graduate School of Engineering Science, Akita University, Japan 
2 Institute of Mechanics – BAS, Bulgaria  
Pitch configurations of spatial rack drives: Essence and Content 
The practical realization of all types of mechanical motions converters is preceded by solving 

the task of their kinematic synthesis. In such way the determination of the optimum constant 
geometric parameters of the chosen mechanical system structure, which will be created, is 
achieved [1]. The result searched by this, is a guarantee of preliminary determined kinematic 
characteristics of the synthesized transmission and primarily - the preliminary defined law of 
motions transformation. The kinematic synthesis of the mechanical transmissions is based on an 
adequate mathematical modelling of the process of motions transformation and on the object, 
which realizes this transformation. Basic primitives of the mathematical models for synthesis 
upon a pitch contact points are geometric and kinematic pitch configurations [1, 2]. Their 
dimensions and mutual positions in space are the input parameters into the processes of the 
design and elaboration of the mechanical device, which is synthesized. 

It is necessary to be noted here, that the defining of the kinematic pitch configurations, 
which are related to the both types of motions transformers, is based on the vector analysis of the 
vector field of the relative velocity motion (sliding velocity vector) at the contact points of the 
conjugated active tooth surfaces (elements of the high kinematic joints) of the studied spatial 
transmissions [1, 2]. 

The work is based on structural, geometric and kinematic similarity of the two main types 
of spatial mechanical motions transformers – hyperboloid gear mechanisms and spatial rack 
drives. Therefore, the study starts with a brief review of the theory of pitch configurations, which 
represents an independent scientific direction of the theory of gearing of the spatial convertors of 
rotations (hyperboloid gear sets). On this basis, the essence and the content of the corresponding 
primitives, applicable to the synthesis of the spatial rack drives are illustrated [2, 3]. 

The two created mathematical models, describing analytically the geometric and kinematic 
pitch configurations, are illustrated. On their basis, the inclination angles of the longitudinal lines 
of the active tooth surfaces of the movable links of the studied transmissions are defined [2, 3, 5]. 

The study is illustrated by a computer synthesized characteristics (pitch cylinders and 
axodes) related to the synthesis of kinematic pitch configurations, which are associated to the 
specific motions transformation of type "rotation into translation". This is accomplished by usage 
of the created computer programs [2]. 

REFERENCES 
[1]   Abadjiev, V. Gearing Theory and Technical Applications of Hyperboloid Mechanisms, Sc. D. 
Thesis, Institute of Mechanics, Bulgarian Academy of Sciences, Sofia, 2007, 309 (In Bulgarian). 
[2] Abadjieva, E., Mathematical Models of the Kinematic Processes in Spatial Rack Mechanisms 
and their Application, Ph. D Thesis, Institute of Mechanics- BAS, Sofia, Bulgaria, 2010, 165. 
[3]   Abadjieva, E., Spatial Rack Drives. Mathematical modelling for synthesis. VDM Verlag Dr. 
Müller e.K., 2011, 72. 
[4] Litvin, F. Gearing Geometry and Applied Theory. PTR Prentice Hall, A Paramount 
Communication Company, Englewood Eliffs, New Jersey 07632, 1994, 724. 
[5] Kovatchev, G., V. Abadjiev. On the Synthesis of Spatial Rack Mechanisms. Proc. 6-th National 
Congress of Theor. and Appl. Mech., Varna, 1, 1989, 87-89, (in Russian). 
 

F. Azemi*, G. Šimunović, R. Lujic 
*Josip Juraj Strossmayer University of Osijek, Mechanical Engineering Faculty, Croatia 
Analysis of the current state of Kosovo manufacturing industry (metalworking and 
furniture industry) with regard to Industry 4.0 
In this paper the concepts of Maturity Level of Kosovo Industry will be presented according 

to the Industry 4.0. The first industrial revolution was marked by the introduction of mechanically 
supported processes Morozov in industry. In the second industrial revolution, electrical power 
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enhanced the productivity of our factories. In the 70s the development of IT and factory 
automation gave boost to a third revolution. Therefore, the fourth industrial revolution is 
characterized by introduction of the Internet of Things, Cloud based Manufacturing, a 
convergence of the physical world and the virtual one in the form of CPS (cyber physical systems). 
Digitalization of factory has impact the entire business environment and lead to Smart 
Enterprises. Several associations and initiatives around the world are focused on applied 
digitalization, like Industry 4.0 – Germany, Made in China 2025 – China, Industrial Internet 
Consortium (IIC) – US, Industrial Value Chain Initiative (IVI) – Japan, The project Innovative 
Smart Enterprises (HR-ISE model) – Croatia, est. In this paper we will describe the results of a 
recent research at the manufacturing companies and are included metalworking and furniture 
industry, where we develop a maturity level for Kosovo Industry. 
 

D. Brezov 1, C. Mladenova 2, I. Mladenov 3 
1 University of Architecture, Civil Engineering and Geodesy, Bulgaria 

2 Institute of Mechanics – BAS, Bulgaria 

3 Institute of Biophysics and Biomedical Engineering – BAS, Bulgaria 
Alternative description of rigid body kinematics with applications in Quantum mechanics 
In the present paper we study some mechanical implications of an alternative two-axes 

decomposition of rotations proposed earlier in [1]. It is shown to provide a convenient 
parametrization in various physical settings. A similar approach has been suggested in [2] for the 
kinematical equations of a rigid body, but our method, based on vectorial parametrization [3, 4], 
allows for more flexibility in the representation. In particular, as we show in [5], the description 
of kinematics in these coordinates appears much simpler compared to the one that uses classical 
Euler angles. Our main examples are the dynamical equations of rigid body motion with 
symmetric inertial ellipsoid and the quantum mechanical angular momentum derived using 
variational techniques [6]. 

REFERENCES 
[1] Brezov D., Mladenova C. and Mladenov I., Two-Axes Decompositions of (Pseudo-) Rotations 
and Some of Their Applications, AIP Conf. Proc. 1629 (2014) 226-234. 
[2] Tsiotras P. and Longuski J., A New Parameterization of the Attitude Kinematics, J.Austron. 
Sci. 43 (1995) 243-262. 
[3] Bauchau O., Trainelli L. and Bottaso C., The Vectorial Parameterization of Rotation, Nonlinear 
Dynamics 32 (2003) 71-92. 
[4] Pina E., Rotations with Rodrigues' Vector, Eur. J. Phys. 32 (2011) 1171-1178. 
[5] Mladenova C., Brezov D. and Mladenov I., New Forms of the Equations of the 
AttitudeKinematics, Proc. Appl. Math. Mech. 14 (2014) 87-88. 
[6] Brezov D., Mladenova C. and Mladenov I., Variations of (Pseudo-) Rotations and the Laplace-
Beltrami Operator on Homogeneous Spaces, AIP Conf. Proc. 1684 (2015)080002-1-080002-13 
 

V. Donchev 1 2, C. Mladenova 2, I. Mladenov 3 
1 Sofia University, Faculty of Mathematics and Informatics, Bulgaria 

2 Institute of Mechanics – BAS, Bulgaria 

3Institute of Biophysics and Biomedical Engineering – BAS, Bulgaria 
Some Alternatives to the Classical Parameterizations of SO(3) 

We discuss different parameterizations of the group SO(3). The well-known Rodrigues 
formula describes the three dimensional orthogonal matrices in terms of their axes and angles of 
rotation. In particular, an arbitrary SO(3) element can be described by two real parameters and 
one angle. We derive an alternative to Rodrigues representation in which an arbitrary rotation is 
expressed in terms of two angles and one real parameter. This is done via the Cayley map [1, 2] 
applied to the canonical form of the so(3) matrices. The relationships between the novel 
parameterization, the classical Rodrigues representation and the extended SO(3) vector-
parameterization are established. The composition law for the new coordinates is derived for the 
composition of two regular rotations. To do this the extended vector-parameter composition law 
[3] in SO(3) is used. 

REFERENCES 
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[1] Donchev V., Mladenova C. and Mladenov I., On Vector Parameter Form of the SU(2) to 
SO(3,R) Map, Ann. Univ. Sofia 102 (2015) 91-107. 
[2] Donchev V., Mladenova C. and Mladenov I., Some Alternatives of the RodriguesAxis-Angle 
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A. Ivanov 
University of Transport, Bulgaria 
Absolute general motion of rigid body 
In this paper the general motion of free asymmetrical rigid body to an absolute coordinate 

system is studied. The rotation component of body motion is described by using of Cardan angles. 
A new theorem is formulated. The author of this work calls it Theorem of change of kinetic motion. 
Using this theorem, a system of six differential equations that describe the general motion of the 
rigid body is obtained. The work is theoretical, but it gives a base for a number of applications, 
mainly in the field of overflow the bodies in fluid area. 
 

A. Ivanov 
University of Transport, Bulgaria 
Lagrange equations for general motion of rigid body 
In this paper the general motion of free asymmetrical rigid body to an absolute coordinate 

system is studied. The rotation component of body motion is described by using of Cardan angles. 
New kind of differential Lagrange equations of second gender are formulated. The author of this 
work calls them Condensed Lagrange equations. Using these equations a system of six differential 
equations that describe the general motion of the rigid body is obtained. The work is theoretical, 
but it gives a base for a number of applications, mainly in the field of vibrations. 
 

J. Javorova1, A. Ivanov2 
1 University of Chemical Technology and Metallurgy, Bulgaria 
2 University of Transport, Bulgaria 
Study of soccer ball flight trajectory 
The three dimensional (3D) flight of a soccer ball (football) at taking into account the 

Magnus effect is studied in the paper. The 3D orientation of the ball is given by Cardan angles. A 
system of six nonlinear differential equations is composed. They are solved numerically by a 
special program created in the MatLab-Simulink environment. The laws of motion, velocities and 
accelerations on all six coordinates are founded. The soccer ball trajectory is determined and it is 
visualized in the 3D space. The presented analytical study and numerical results in the paper 
increasing and expanding the knowledge in the theory of general motion of spherical body and 
leads to new more interesting research in this applied area. 
 

J. Javorova, J. Angelova 
University of Chemical Technology and Metallurgy, Bulgaria 

On the modified Reynolds equation for journal bearings in a case of non-Newtonian 
Rabinowitsch fluid model 
In this paper a theoretical analysis of hydrodynamic plain journal bearings with finite length 

at taking into account the effect of non-Newtonian lubricants is presented. Based upon the 
Rabinowitsch fluid model (cubic stress constitutive equation) and by integrating the continuity 
equation across the film, the nonlinear modified 2D Reynolds type equation is derived in details. 
By this way it is possible to study the dilatant and pseudoplastic nature of the bearing lubricant 
in comparison with Newtonian fluid. A dimensionless equation of hydrodynamic pressure 
distribution in a form appropriate for numerical modeling is also obtained. Several special cases 
of one-dimensional applications can be recovered from the present derivation. 
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B. Marinov 
Institute of Mechanics – BAS, Bulgaria 
Research the influence of impulse loads on the driving mechanisms of big circular saw 
machines 
The circular saw machines are a certain class woodworking machines. They are used in the 

woodworking industry to saw logs, timber, sleepers, etc. These machines saw the timber through 
the circular saw blades having big diameters. Shock pulses arise in operating mode when the 
feeding speed or the thickness of the workpiece are too large. These pulses load up basic links of 
the circular saw machine. The aim of this work is to be investigated the influence of the shock 
processes on the normal work of the machines. The received expressions allow the sawing process 
to be optimized so that the influence of the shock pulses to be minimised. For this purpose, 
expressions for determining the feeding speed of the circular saw machine and the thickness of 
the workpiece are obtained. These values must be avoided in operating mode. Different numerical 
decisions for optimisation of the working process are suggested. The received analytical 
expressions and numerical results can be used for future research and modelling. 
 

B. Marinov 
Institute of Mechanics – BAS, Bulgaria 

Deformation checks in the driving mechanisms of big circular saw machine 
In this work the influence of the spatial deformations in the driving mechanisms of big 

circular saw machines is studied. Deformation checks for all endangered cross sections of the 
main shaft can be performed. For this purpose, an algorithm that includes analytical and 
numerical part has been developed. Theoretical expressions for calculating the spatial 
deformations are derived. These expressions are used to calculate the maximum deflections in the 
most endangered cross sections. Different ways to numerical calculations are proposed. The 
obtained results are compared among themselves in order to establish the precision of the 
proposed ways for calculating the maximum deflections. The biggest values are compared with 
the admissible values for the respective material. The normal operation of the driving mechanism, 
and therefore of the circular saw machine is guaranteed if the actual values of the deformations 
are equal or less than the admissible values. 
 

Y. Mirchev, P. Chukachev, M. Mihovski 
Institute of Mechanics – BAS, Bulgaria 
Methods for evaluation of mechanical stress state of materials 
Primary attention is given to the following methods: method by drilling cylindrical holes 

(drill method) and integrated ultrasonic method using volume (longitudinal and transverse), 
surface, and sub-surface waves. 

Drill method allows determination of residual mechanical stress in small depth of material 
surfaces, assessing type, size, and orientation of principal stresses. 

For the first time, parallel studies are carried out of mechanical stress in materials using the 
electroacoustic effect of volume, surface and sub-surface waves on the one hand, and effective 
mechanical stresses on the other. 

The experimental results present electroacoustic coefficients for different types of waves in 
the material of gas pipeline tube of 243 mm diameter and 14 mm thickness. These are used to 
evaluate mechanical stresses in pipelines, according to active GOST standards 
 

V. Naidenov 
Institute of Mechanics – BAS, Bulgaria 
Orientation and efficiency of fiber in fiber-reinforced silicate matrix 
The orientation of the fibers in silicate matrix (Portland cement concrete) is crucial for the 

formation and mechanical properties of the composite. It depends on many factors related to the 
geometry of the fiber, the percentage of reinforcement, the composition of the concrete, the 
technology of placing and compaction, as well as the configuration of the structural component, 
respectively types of formworks used. 
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In this respect the establishment of prescription technological prerequisites for effective 
orientation is directly related to the expected efficiency of the fibers in the fiber-reinforced 
concrete and mortar. 
 

Sv. G. Nikolov1 2, D. Zaharieva2 
1 Institute of Mechanics – BAS, Bulgaria 
2 University of Transport, Bulgaria 
Dynamical behabior of compound elastic pendulum 
The simplest way to find complex (chaotic) behavior in a Hamiltonian system, e.g. as a 

starting point for consideration, is to look for homoclinic (heteroclinic) orbit(s). 
In this paper, under suitable assumptions, we detect the existence of a homoclinic orbit of a 
nonintegrable Hamiltonian system with two degrees of freedom – a compound elastic pendulum 
and present the equation for it. 
 

R. Pavani 
Politecnico di Milano, Italy 
A new efficient approach to characterization of D-stable matrices 

The concept of D-stability is relevant for stable square matrices of any order, especially when they 
appear in ordinary differential systems modelling physical problems. Indeed, D-stability was 
treated from different points of view in the last fifty years, but the problem of characterization of 
a D-stable matrix was solved for low order matrices only (i.e. up to order 4). Here a new approach 
is proposed within the context of numerical linear algebra.  A new necessary and sufficient 
condition for D-stability is proved and, according to that, an algorithm is implemented by 
computer algebra. Results show that by this new method, it is easy and efficient to characterize 
matrices of order greater than 4. 
 

Y. Sofronov, G. Todorov, Y. Stoyanova, N. Kopralev 
Technical University –Sofia, Bulgaria 
Research in kinematics of turn for articulated vehicles 

In this article a kinematic analysis of articulated vehicles turning has been made. Such forklifts 
have been choosen in case of sharp turns impossible for rear stearing forklifts or in storehouse 
where space optimisation has been required. The width of narrowest aisle in set dimensions of 
the truck has been evaluated. 
 

G. Valchev, D. Dantchev 
Institute of Mechanics – BAS, Bulgaria 
Interplay between the critical Casimir and dispersion van der Waals forces between 
toroidal colloid particle and a thick plate immersed in nonpolar critical fluid 
Here we study systems with simultaneous occurrence of both the long-ranged van der Waals 

and critical Casimir forces. As the first are of quantum origin and hence are invariably present in 
any real physical system, the last arise as an effective interaction between objects when immersed 
in a near-critical medium, say a nonpolar one-component fluid or a binary liquid mixture. They 
are due to the boundaries of the bodies, which modifies the order parameter profile of the medium 
between them as well as the spectrum of its allowed fluctuations. More specifically, we study the 
net total force (NTF) between a toroidal or cylindrical in shape colloid particle and a thick planar 
slab. We do that using general scaling arguments and mean-field type calculations utilizing the 
Derjaguin and the surface integration approaches. They both are based on data of the forces 
between two parallel slabs separated at a distance L from each other, confining the fluctuating 
fluid medium characterized by its temperature and chemical potential. The surfaces of the colloid 
particles and the slab are coated by thin layers exerting strong preference to the liquid phase of 
the fluid, or one of the components of the mixture, modeled by strong adsorbing local surface 
potentials, ensuring the so-called (+;+) boundary conditions. On the other hand, the core region 
of the slab and the particles, influence the fluid by long-ranged competing dispersion potentials. 
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G. Vukov, M. Todorov 
University of Forestry, Bulgaria 
Dynamic analysis of a drive train of a wind turbine with faults caused by tooth cracking 
and tooth pitting 
This work presents the application of a developed multi-body model of wind turbine with 

complex drive train. The model is adapted for studying the drive train dynamics in the presence 
of the most common defects of its elements – a tooth cracking and tooth pitting. These defects are 
modeled by theoretically justified reduction of the amplitude of the respective stiffness of the 
planetary gear mechanism. As a result of the studies of the gear and available defects, time series 
of torsional vibrations of the wind drive train hull are obtained and graphically presented. The 
vibration signal from the wind drive train hull can be measured and detected in its development 
relatively easily. Therefore, an immediate opportunity for conducting of justified vibration 
analysis of the drive train of wind turbines appears. The obtained information is very useful for 
monitoring and vibration analysis of the state of the elements of the wind turbine gear and it can 
be used to detect defects at an early (and as it turns out the most important) stage of their 
development. 

 
Solid Mechanics 

 
A. Amireghbali*, D. Coker 
*Middle East Technical University (METU), Turkey  
Parametric study of interface dynamics for sliding contact of elastic body on a rigid 
surface using Burridge-Knoppoff model 
To explore the role of friction along a fault on the earthquake mechanism a simple model 

proposed by Burridge and Knopoff in 1967. The model is composed of a series of blocks of equal 
mass connected to each other by springs of same stiffness. The blocks also are attached to a rigid 
driver via another set of springs that pulls them at a constant velocity against a rigid substrate. In 
their work a special friction law which takes seismic radiation and viscosity effects into account is 
considered. They studied dynamics of interface via a especial case with ten blocks and specific 
properties. 

In our study we perform a parametric study for BK model using Amonton-Coulomb friction 
law. Sliding contact of an elastic body on a rigid substrate is addressed. The model dynamics is 
formulated as a system of coupled nonlinear ordinary differential equations in state-space form 
which lends itself to numerical integration methods, e.g. Runge-Kutta procedure for solution. A 
broad range of parametric space including driver speed, spring stiffness’s and block masses is 
considered. Especially effects of increasing the number of blocks on the motion of lattice and 
reproducibility of the obtained results is discussed. 

 
M.-R. Condruz, Al. Paraschiv, C. Pușcașu, I.-S. Vintilă 
Romanian Research and Development Institute for Gas Turbines, Romania 
Tensile behavior of humid aged advanced composites for helicopter external fuel tank 
development 
Carbon fiber reinforced composite materials are the most studied class of reinforced 

plastics. They are integrated in almost all industrial sectors, especially in the aerospace field. An 
important aspect in aerospace applications is the reduction of weight, costs and fuel along with 
the increase of resistance and durability of the components. Over the time, polymeric composites 
were used to manufacture tank assemblies for launch vehicles and helicopters. 

The fuel tanks made from plastics should be fuel resistant and resistant to environmental 
conditions, like corrosion due to salt, moisture, ultraviolet radiation, thermal cycling in 
atmospheric conditions during normal service use and storage [1-3]. 

Usually, durability of fiber reinforced polymeric composites is affected by the contact with 
water and other fluids [4] and it is influenced by the endurance of the constituents: reinforcement 
fibers and resin matrices along with the interface between them. Most polymeric materials (in the 
form of a composite matrix or a polymeric fiber) are capable of absorbing relatively small but 
potentially significant amounts of moisture from the surrounding environment. 
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Humid aging is one of the main causes of long-term failure of organic composites, which 
can affect the material in several modes: matrix microcracking, plasticization, hydrolysis, 
delamination, blistering, void growth, swelling, localized damage at the fiber-matrix interface. 
The present research was focused on studying the kerosene and saline solution influence on the 
tensile properties of polymeric composite materials suitable for the manufacturing of an external 
fuel tank for a naval helicopter (IAR 330 PUMA). Due to the application, the selected humid 
environment was kerosene (commonly used Jet A and Jet A-1 fuels being comprised of kerosene 
and additives) and saline solution with 35‰ salinity to evaluate the sea water effect on the 
composite tensile strength. 

The composite samples were immersed in kerosene up to 1752 hours and in saline solution 
for 168 hours. Tensile tests were performed after the immersion. Tensile tests showed that 
kerosene and saline solution had no influence on the elastic modulus of the materials, but it was 
observed a slight improvement of the tensile strength of the two polymeric composites. 

REFERENCES 
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M. Datcheva1, G. Chalakova1, R. Iankov1, D. Stoychev2, V. Kamburov3, A. 
Nikolov3 
1Institute of Mechanics – BAS, Bulgaria 
2Institute of Physical Chemistry – BAS, Bulgaria 
3Technical University –Sofia, Bulgaria 
Microindentation hardness and modulus of electrochemically deposited triple protective-
decorative Cu-Ni-Cr system 
Multilayered protective-decorative Cu-Ni-Cr systems became well accepted after an 

operating period of over 90 years [1-3]. Nowadays this type of systems is widely recommended by 
national and international standards being an inherent component in the automated production 
lines for plating with application to the motor-car construction and other branches of the modern 
engineering industry. 

With respect to the corrosion-protective and decorative characteristics of the Cu-Ni-Cr 
systems the advance of the technology resulted in products covering the required technical and 
economic norms and indicators. Howe      ver, the knowledge about the mechanical characteristics 
such as elastic and plastic properties of the individual layers and the whole multilayered system 
is still sparse.  The plating process involves specific organic and non-organic agents to the 
electrolytes resulting in co-deposition of these additives (S, C, N, P, H, etc.) into the metallic layers 
and their embedding in the metal lattice. This leads to lattice deformation and severe deviation of 
the mechanical and physical properties of the metal layers as compared to their metallurgically 
obtained counterparts. This may lead to high internal stresses in and between the layers, 
degradation of the adhesion of the coating to the substrate as well as between the coating layers 
themselves, unexpected and unwanted changes in the hardness and the wear resistance. In this 
context, the objective of this study is to obtain by means of nanoindentation experiments the 
mechanical characteristics of standard triple Cu-Ni-Cr coating system whose morphology, 
structure, texture, composition, and the copper-, nickel- and chrome-layer thickness are 
predefined. A series of nanoindentation tests in vertical direction to the layered coating and in the 
lateral direction (along a vertical cut) is analyzed to assess the changes of the mechanical 
properties of the investigated system in depth and along the layer and layer-to-substrate 
interfaces. 

The financial support of the National Science Fung under the grant T02/22 is gratefully 
acknowledged. 
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P. Dineva 1, Ts. Rangelov 2, G. Manolis 3 
1Institute of Mechanics – BAS, Bulgaria 
2Institute of Mathematics and Informatics – BAS, Bulgaria 
3 Aristotle University of Thessaloniki, Greece 
Wave propagation in inhomogeneous and heterogeneous elastic media by boundary 
integral equations 
The main aim is development, verification and application of an advanced mesh-reducing 

boundary integral equation method (BIEM) for wave propagation in 2D continuously 
inhomogeneous and heterogeneous elastic isotropic/anisotropic media. The mathematical 
background behind wave motion in graded media involves solution of partial differential 
equations with variable coefficients. In general, these equations do not possess explicit and easy 
to calculate fundamental solutions, which prevents reduction of the boundary-value problem to a 
system of boundary integral equations that is processed by standard numerical quadrature 
technique. The developed computational methodology is based on the displacement and non-
hypersingular traction BIEM formulations with analytically derived fundamental solutions for 
certain classes of graded materials. The presence of multiple cracks, holes and inclusions not only 
modifies the traveling elastic wave field due to wave diffraction and scattering phenomena, but 
also causes localized stress concentration fields. Due to this fact, the proposed numerical 
modeling requires hybrid-type methodologies that combine elastic wave theory with dynamic 
fracture mechanics concepts. An illustrative example is considered for BIEM analysis of an 
exponentially inhomogeneous plane containing multiple defects and swept by SH-waves. Further, 
it is discussed different applications of the developed numerical tool in the following fields: (a) 
in material science considering functionally graded with different type of defects materials; (b) in 
geophysics and seismology for modeling seismic wave fields by taking into consideration the 
entire wave path from the seismic source through the inhomogeneous and heterogeneous 
geological deposits and all the way up to the local seismic site under consideration. The 
corresponding simulations convincingly demonstrate that the wave picture in smoothly 
inhomogeneous media with different type of heterogeneities is a complex phenomenon and a 
result of different factors and their mutual interplay. These factors are the geometry and type of 
the defects, the characteristics of the dynamic load, the interactions between defects, the type and 
characteristics of the material inhomogeneity and the position of the observation point. Pure 
geometrical ratios such as relative sizes of defect characteristic length with respect to the wave 
length or to the magnitude of the material gradient are also important in the evaluation of the 
localized dynamic stress fields. Finally, the interplay of the parameters describing the continuous 
solid material such as direction of wave propagation, wave polarization axis, principal axes of the 
material symmetry and of material inhomogeneity add to the complexity observed in the dynamic 
stress concentrations and wave scattered fields. 

REFERENCES 
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Saeed Ebrahimi, Nader Vahdatazad, Gholamhossein Liaghat 
Yazd University, Iran 

Experimental characterization of the energy absorption of axially functionally graded 
foam filled tubes under axial crushing loads 
In this paper, the energy absorption of functionally graded foam (FGF) filled tubes under 

axial crushing loads are analyzed by experimental method. Numerical studies show that using the 
FGF filled tubes increases the energy absorption capability compared to the uniform foam filled 
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tubes. In this paper, the FGF tubes are filled axially by gradient layers of polyurethane foams with 
different densities. The mechanical properties of the polyurethane foams are firstly obtained from 
axial compressive tests. Then, the quasi-static compressive tests are carried out for empty tubes, 
uniform foam filled tubes and FGF filled tubes. The results show that a FGF filled tube has 
excellent energy absorption capacity compared to the ordinary uniform foam-filled tube with the 
same weight. Finally, an FEM simulation is performed to valid the results of compressive tests. A 
good agreement between the experimental and simulation results is observed. 
 

E. Gorkunov 
Urals State Technical University, Russia 
Application of magnetoelastic effects to the evaluation of elastic and plastic strains in steel 
structural members 
Magnetic nondestructive testing is widely used to evaluate the structural state, phase 

composition and mechanical properties of mechanical engineering products. In order to solve 
these problems, various devices have been developed, which enable one to evaluate the structure 
and mechanical properties of rolled stock, to test the quality of volume and surface heat 
treatments, to determine the phase composition of steels, to evaluate residual porosity and quality 
of sintering in powder metallurgy. However, as rule, machine parts and structural components 
operate under complex stress conditions after manufacture, and this affects the structural state 
and changes the initial mechanical and, therefore, magnetic characteristics. 

This paper discusses the evaluation of the stress-strain state in engineering materials 
affected by elastic and plastic strains with the use of various magnetoelastic effects. The magnetic 
evaluation of macroscopic stresses in structural components is considered. Macroscopic stresses 
can be determined by various magnetic parameters; however, it is coercive force that is 
conventionally referable for this purpose, as it is independent of the geometric dimensions of a 
product during measurements. Three methods for the indirect determination of the level of 
microscopic stresses in ferromagnetic materials are proposed, which involve recording the 
parameters of the motion of 90° domain walls in ferromagnets. A similarity has been shown for 
the magnetic and mechanical deformation curves. The use of differential magnetic permeability 
enables one to watch the deformation of individual constituents in multi-constituent 
ferromagnetic materials. 

The determination of the stress-strain parameters with the application of magnetic 
techniques and model representations of the mechanics of solids allows one to approach the 
problems of predicting the mechanical behaviour of structural members under deformation and 
evaluating their residual life. 

 
A. Hristov, V. Naydenov 
Institute of Mechanics – BAS, Bulgaria 
Different types plywood – computer tomography investigations 
By using computed tomography methods, comparative studies have been conducted to 

identify important structural parameters of several types of wood and plywood for construction, 
including a new one based on black locust wood. Based on the results obtained for the intra-
structural porosity, conclusions are drawn for the influence of the structural parameters on the 
physical-mechanical characteristics of such materials. 

 
D. Karagiozova 
Institute of Mechanics – BAS, Bulgaria 
Dynamic compression of cellular materials with local structural softening 
Analytical and numerical analyses are carried out in order to reveal the importance of the 

cellular materials topology for their dynamic compaction. The aim is to distinguish between the 
deformation and energy absorption mechanisms of materials which exhibit local structural 
softening, such as out-of-plane loaded honeycomb, and materials with local structural hardening 
(foam). It is shown that the dynamic out-of-plane compaction of honeycombs does not obey the 
law of shock wave propagation and a new phenomenological model of the velocity attenuation is 
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proposed. It is revealed that the absorbed energy by the honeycomb is proportional to the area 
under the dynamic stress-strain curve, which is defined by the foil material properties, in contrast 
to the shock-wave propagation model where the absorbed energy is proportional to the area under 
the shock chord. Special attention is given to the effects of neglecting the honeycomb topology on 
their response to impact loading. 

 
V. Kyrychok, V. Torop 
Paton Electric Welding Institute of NAS – Ukraine 
Determination of the crack resistance parameters at equipment nozzle zones under the 
seismic loads via finite element method 
The present paper is devoted to problem of assessment of stress intensity factor of a crack 

at pressure vessel nozzles zone and possibility of its growth under the cyclic and seismic loads. 
The approaches of the creating of distributed pipeline systems, which connected to equipment are 
proposed. It is shown and justified the possibility of using in common different finite element 
program packages for accurate estimation of the strength of bonded pipelines and pressure 
vessels systems. The author proposes to check the danger of defects in nozzle domain, evaluate 
the residual life of system, recommend zones for control and diagnostic and provide expert 
opinion about possible repairing, based on the developed approach. 
 

M. Mironova, V. Naidenov 
Institute of Mechanics – BAS, Bulgaria 
Stress state and durability of the light concrete elements 
Lightweight concrete materials (foam and aerated concrete) are often used to make walls 

and partition fences without a constructional function. The properties of the finished elements 
during operation depend on the structural and mechanical characteristics and of the crack 
resistance of the used materials. Crack formation and development of deformation have a 
significant impact on the stress state of the fences. 

In the present work temperature and humidity effects are studied over the whole section of 
the lightweight concrete elements. It is analyzed the crack resistance of lightweight concrete 
elements along the operation time depending on the changes in the properties of the material with 
time. 
 

V. Naidenov, M. Mironova 
Institute of Mechanics – BAS, Bulgaria 
Fiber orientation and efficiency of the reinforced silicate matrix  
The orientation of the fibers in silicate matrix (cement concrete) is crucial for the final 

mechanical properties of the composite. The fiber orientation depends on many factors related to 
the geometry of the fiber, the percentage of reinforcement, the composition of the concrete, the 
technology of placing and compaction, as well as the configuration of the structural component, 
respectively type of formworks. 
The fiber orientation and efficiency are discussed in this work. The presented analysis is of 
importance because the establishment of prescription technological prerequisites for effective 
orientation is directly related to the expected fiber efficiency in the composition of the reinforced 
concrete and mortar. 

 
M. Natova, I. Ivanov, S. Cherneva, M. Dacheva, R. Iankov 
Institute of Mechanics – BAS, Bulgaria 
Evaluation by nanoindentation of technological products manufactured by pulse injection 
molding process 
During conventional polymer injection molding, flow- and weld lines can arise at the 

molded parts caused by disturbed polymer melt flow when it crosses different parts of the 
equipment. Such processed plastic goods have discrete zones of inhomogeneities of very small 
dimensions. In order to stabilize the melt flow and to equalize dimensions of such defective 
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products, an approach for pulse injection molding is applied during production of polymer 
packagings. 

Testing methods used for evaluation of macromechanical performance of processed 
polymer products are not readily applicable to estimate the changes in visual surface obtained 
during pulse injecting. To overcome this testing inconvenience the performance of processed 
packagings is evaluated by nanomechanical indentation. Using this method, a quantitative 
assessment of the polymer properties is obtained from different parts of technological products. 

 
Al. Paraschiv, G. Matache, C. Puscasu, M. Grigorescu 
Romanian Research and Development Institute for Gas Turbines, Romania 
A correlation between fracture toughness and cohesion strength of molybdenum thermal 
sprayed coatings  
The Molydenum thermal sprayed coatings on steel substrate using electric arc, atmospheric 

plasma spray and high velocity oxy-fuel spray were investigated. The tensile bond strength tests 
were made in order to examine the degree of adhesion/cohesion strength of Mo coatings. The 
Vickers indentation fracture toughness tests were made on parallel and perpendicular direction 
to the coating-substrate interface in order to examine the local fracture behavior of the material 
in terms of fracture toughness by correlating the length of microcracks developed near the 
impression of indentation with the hardness, indentation load and indentation direction. Also, 
the Vickers indentation method was used as an alternative method for evaluating the cohesion 
strength following the know rule of association between interfacial fracture toughness and 
adhesion strength of coating-substrate systems. 

The SEM investigations of the samples allowed to identify the fracture modes of Mo coatings 
tested by tensile bond strength tests and by using an SEM image analysis software it was measured 
the size of the developed microcracks around the indentations. It was observed a major fracture 
mode by decohesion of Mo layers for all types of Mo coatings. 

Regarding the local fracture behavior of Mo coatings, it was found that the fracture 
toughness is influenced by the indentation load, indentation direction and the coating deposition 
characteristics. The average fracture toughness of the thermal sprayed Mo coatings were 0.419 
Mpa∙√m for electric arc, 0.623 Mpa∙√m for atmospheric plasma spray and 1.081 Mpa∙√m for high 
velocity oxy-fuel spray. 

The correlation between the fracture toughness and cohesion strength of Mo coatings was 
expressed as the slope of the line that describes the increasing of cohesive strength with increasing 
of fracture toughness and it was concluded that the fracture toughness is an appropriate 
parameter to characterize the cohesion strength of thermal sprayed coatings. 
 

Ph. Philipoff 
Institute of Mechanics – BAS, Bulgaria 
Estimation of the anomalous in the thermal variations of the atmosphere and ground 
using satellites for the aims of regional seismic activity assessment 
For the past several decades, scientists have been exploring the possibilities of decoding the 

complex physical mechanism of the earthquake process using satellites and ground-based 
technologies. In recent years, use of satellite-based technologies has been preferred, since 
monitoring a broader region and round-the-clock surveillance is possible using geostationary 
satellites. Using sensors mounted on satellites, it is possible to observe anomalous thermal 
variations in both the atmosphere and the ground. Measurement of anomalous variations in 
outgoing longwave radiation (OLR) is one such technology used to identify earthquake 
preparation zones. Anomalous variations in OLR have been observed in the vicinity of the 
epicenter,3 to 30 days prior to impending earthquakes. We have analyzed the OLR scenario for 
earthquakes with magnitude greater than 7.0 that occurred during April 2016. Analysis has been 
done to find the relationship between OLR flux variations and the magnitude of the earthquakes. 
From the analysis, we have found that the recurrence frequency of OLR anomaly and cumulative 
energy flux of OLR can give us vital clues about the probable magnitude of impending 
earthquakes. 
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Al. Popov 
Institute of Mechanics – BAS, Bulgaria 
Inverse problems in solid mechanics and ultrasonic 
In this paper, the Coefficient Inverse Problems (I.P.), the Geometrical I.P. and 

Microstructure (I.P.) in elasticity, plasticity, hardening, fatigue, fracture and microstructure are 
formulated and solved. The retrospective I.P. and the boundary I.P. are commented. It was 
prepared equations for evaluation of the velocities   for propagation of longitudinal and 
transversal ultrasonic wave. The relationships between following mechanical properties: modulus 
of elasticity, Henki’s coefficient, parameters in hardening law, parameters in Wöhler’s curve, 
fatigue limit, coefficient in fracture mechanics   and acoustics characteristics   of materials are 
obtained. The geometrical I.P. for reflected area and crack depth are solved by means reflected 
and diffraction methods respectively. The microstructure I.P. is solved by means mathematical - 
ultrasonic dualism. 

 
V. Sainov 
Institute of Mechanics – BAS, Bulgaria 
Phase stepping interferometer with diode lasers for in-plane and out-of-the plane 
displacement measurement 

Compact and stable one-beam four channels phase stepping interferometer for in-plane and out-
of-the plane (full field) displacement measurement in static and in “real time” operation mode is 
presented. Double symmetrical illumination of the object in two orthogonal planes with diode 
lasers, emitting in NIR (790 nm and 830 nm), through a four-exposure reflection hologram of a 
reference plane is applied. Reconstructed from the hologram reference plane and reflected from 
the object’s surface light interfere in direction of recording.  Phase stepping is introduced simply 
by precise increments of the diode lasers current.  By introduction of removable sinusoidal phase 
gratings the system operates as a single-shot fringe projection profilometer for shape 
measurement that is essential for precise estimation of displacement vector's components. From 
the phase differences of the non-deformed and deformed object’ state its w, u and v components, 
as well as first, second and mix derivatives, shear strain and in-plane rotation are obtained. The 
proposed system is very stable against external noise, produced by vibrations, temperature 
changes, air flows, as well as against the influence of the object’s “rigid body” motion, as only one 
optical element (four-exposer reflection hologram) have to be stably fixed directly onto the 
measured construction. The presented experimentally obtained results are for static loading of 
the object.  Possibility for measurement in “real time” operation mode is shown, that is essential 
in the cases of dynamic loading and for the objects with non-linear mechanical response. 
 

T. Simeonova*, K. Valkov, Ml. Georgiev, P. Egizabal, A. Kruk, A. Czyrska-
Filemonowicz 
*Institute of Mechanics – BAS, Bulgaria 
Influence of the cobalt addition on the structure and properties of carbide-free 
austempered ductile irons 
Austempered ductile iron (ADI) is an engineering material that has gained increasing 

academic and industrial interest due to its excellent combination of high strength and ductility. 
The present study focuses on the investigation of the influence of cobalt addition and heat 
treatment on the structure, mechanical properties and fracture toughness of a carbide-free 
austempered ductile irons. Two groups of Co alloyed (containing 1,5%Co and 3,5%Co) and one of 
nonalloyed spheroidal graphite irons were studied. The developed carbide-free austempered 
ductile irons were characterized structurally and their mechanical properties (tensile strength 
Rm, proof strength Rp0.2, percent elongation A5and fracture toughness) were determined. It was 
found that the addition of 1.5%Co leads to maximum increase in the strength characteristics and 
the fracture toughness of the investigated materials. 
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G. Stoilov, D. Pashkouleva, V. Kavardzhikov 
Institute of Mechanics – BAS, Bulgaria 
Measurement of nonhomogeneous deformations fields by digital image correlation 
method with multiscale sensitivity 
A review of progress in numerical synthesis and study of strain sensor patterns, which can 

be used for realization of the digital image correlation (DIC) method and its applications in 
engineering practice is made. This method is becoming more popular in the research and 
monitoring of deformation fields of relatively large parts and structures. In these cases it is 
necessary to obtain quantitative information not only about the total deformation fields of objects, 
but for local deformations developing in the vicinity of stress concentrators at observed surfaces, 
or generally speaking - for the full nonhomogeneous deformations fields. This paper is devoted to 
solution of problems related to monitoring a large area of the object surface with subsequent 
increasing the image scale and concentration the observation only to the place where largest 
deformation has been localized. The strain sensor pattern has to be generated on such a way which 
will ensure that a change of the image scale will not decrease DIC method sensitivity and spatial 
resolution. An algorithm for numerical synthesizing of specialized strain sensor patterns is 
proposed. Theoretical considerations regarding requirements to these patterns for DIC 
applications are presented and algorithms for their computer generation, as well as for post 
processing of their images recorded with different zoom are reported. Quality evaluation of this 
type of patterns is performed and it is compared with the quality of similar images used by other 
authors. The possibility through DIC and the proposed strain sensor patterns to be measured 
fields of displacements and deformations at different scales while maintaining appropriate 
sensitivity and spatial resolution of the method, is shown by numerical experiments. Results from 
a physical experiment are reported also, which demonstrate the applicability of the introduced 
approach for measurement of a full nonhomogeneous deformation field through “switching over” 
the magnification (zooming) of recorded images and localizing the observation only at relatively 
small zone where biggest deformation is arisen during the experiment. KEYWORDS: Digital 
image correlation, multiscale, non-homogeneous deformation 
 

M. Svanadze 
Ilia Chavchavadze State University, Georgia 
Boundary value problems in the theory of thermoelasticity for materials with a triple 
porosity structure 
The coupling effect of fluid and solid in porous media is key phenomena in various field of 

applications of biomechanics and earth science. The triple porosity model represents a new 
possibility for the study of important problems of engineering and mechanics. The intended 
applications of the theory of thermoelasticity for materials with a triple porosity structure are to 
geological materials such as oil and gas reservoirs, rocks and soils, manufactured porous materials 
such as ceramics and pressed powders, and biomaterials such as bone. 

In this talk the 3D basic boundary value problems (BVPs) of steady vibrations of the theory 
of thermoelasticity for materials with a triple porosity structure are investigated. The 
representations of general solutions for the system of equations of steady vibrations and the 
Green’s formulae in the considered theory are obtained. The Sommerfeld-Kupradze type 
radiation conditions are established and the uniqueness theorems for the classical solutions of 
the BVPs of steady vibrations are proved. The basic properties of surface and volume potentials 
are established. On the basis of boundary integral equations method and the theory of singular 
integral equations the existence theorems for the classical solutions of the BVPs of steady 
vibrations are proved. 

 
G. P. Vasilev, S. Parvanova 
University of Architecture, Civil Engineering and Geodesy, Bulgaria 
Frequency domain analysis of anisotropic viscoelastic solid with nano-cavities 
An application of the boundary element method (BEM) in the evaluation of the wave 

propagation characteristics and stress concentration factor (SCF) around a nano-sized cavities 
residing in a finite sized viscoelastic anisotropic solid has been presented in this paper. The main 
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points in the work are: 1) developing BEM model of the solid utilizing frequency domain 
fundamental solution of the equation of motion obtained by Wang and Achenbach through Radon 
transformation; 2) applying the nonclassical Gurtin-Murdoch surface stress theory to account for 
the nonzero surface stresses on the nano-sized boundary of the cavity; 3) calculation and analysis 
of the resulting wave field and stress distribution around the cavity contour and 4) elastic-
viscoelastic correspondence principle. The developed software is based on the BEM applied for 
classical elastodynamic theory for the bulk general anisotropic solid. The finite element method 
(FEM) has been used with the sole purpose of comparison and verification of the results. The 
reported parametric study reveals that the size and arrangement of the nano-cavities significantly 
influence the wave field behaviour. 

 
Fluid Mechanics 
 
A. Alenezi 
The Public Authority for Applied Education and Training, Kuwait 
Heat transfer characteristics of an orthogonal jet impinging on roughened flat plate 
The purpose of this research paper is to investigate the effect of surface roughness on heat 

transfer. This was achieved by investigating the heat transfer in two cases: a smooth, horizontal 
surface (the baseline case) and the same surface with a roughness element added to it. The 
roughness elements took the shape of hemispherical pin-fin. The roughness element was further 
investigated by varying its height and width (e by e) to study their impact on the average Nu. 
Results are presented in the form of average Nusselt number within and beyond the stagnation 
region. Each roughness element was arranged in a circle concentric with the geometric centre (i.e. 
centre of jet) with a radius of one and a half jet diameters (R/D = 1.5) to keep it within the 
stagnation region. The jet diameter kept constant for all simulations (D=13.5mm) where the plane 
was located at H/D = 6 below the jet, for all the tests with a jet Reynolds number of 20,000 and 
jet temperature is 20°. The spherical pin-fin was tested for six different heights (e) from 0.25 mm 
to 1.50 mm in incremental steps of 0.25 mm for jet angle (α) of 90º. This research investigated 
how the roughness geometry impacted on the average Nusselt number. 
 

R. Borisov, N. K. Vitanov 
Institute of Mechanics – BAS, Bulgaria 
A model of a motion of substance in a channel of a network 
We consider a flow of substance through finite-size channels consisting of  chains of  nodes 

connected by edges. The nodes of the channels are connected to the nodes of another network: 
each node of the channel is connected to only one node of the network. We can think about such 
a situation as logistic channel consisting of stoting facilities that are connected to a city from a 
network of cities. 

The following processes can be observed in a node of the migration channel: exchange 
(inflow and outflow) of substance with the previous node of the channel; exchange (outflow and 
inflow) of substance with the next node of the channel; exchange (inflow and outflow) of 
substance with the environment; "leakages":  exchange (outflow and inflow) of substance with the 
correspondent node of the network that is coupled to the chain of nodes of the channel. We discuss 
statistical distributions of the substance in the nodes of the studied channel. 

Studied model has numerous applications, e.g., in migration channels, in sceintometrics, in 
logistics, etc. [1], [2]. 

REFERENCES 
[1] Vitanov, N. K., Vitanov, K. N. Box model of migration channels.Mathematical Social Sciences 
2016; 80:  108 - 114. 
[2] Vitanov, N. K. Science dynamics and research production.  Indicators, indexes, statistical laws 
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M. Chilikova-Lubomirova*, D. Diaconu 
*Institute of Mechanics – BAS, Bulgaria 
Some specific concerning the urban territories river discharge determination 
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Urban territories are specific territories with a significant anthropogenic influence on the 
natural environment. As a result most of the existing natural conditions have been modified. Parts 
of them cover the natural forms of river beds and river floodplains. Concerning to the humans 
safety, comfort and needs, while keeping ecosystems healthy function different artificial 
structures have also been created. The process relates to the well understanding and good quality 
data obtaining about the existing conditions and river flow behaviour. Both aspects are 
interconnected and attend in the river discharge determination and its variations description - 
key issue for the entire river structures project and maintaining a healthy state of the ecosystems. 
For the purpose various in-situ measurements and monitoring procedures are implemented. 

To clarify the process this research work aims to discuss some specifics connected to the 
urban territories river discharge determination, it is focused on the most used methods, turning 
its view on their specifics and possible challenges for their practical application. The performed 
research considers main requirements for their implementation and possibly monitoring network 
creation with respect to the urban territories specifics. The procedures connected to a decision 
support system (DSS) creation and implementation are also briefly presented. Its main purpose 
is a state of the art dissemination, helped by the decision makers and the professionals in the area. 

 
M. Chilikova-Lubomirova*, G. Zaimes 
*Institute of Mechanics – BAS, Bulgaria  

River hydraulics during flood events: the Balkan experience  
Nowadays the appearances of water extremes are frequently observed mainly because of 

anthropogenic and climate change influences. These extremes cause various impacts on the 
environment and nature. With respect to river systems, floods are such events that are 
characterized with increasingly untypical high water levels that overflow river beds. In many 
cases, they cause extremely harmful impacts to human socities, accompanied with serious 
environmental damages and modifications. 

This paper is focused on the problems connected to floods appearances and some of its 
possible related consequences. To better understand these some real case floods from the Balkans 
are briefly presented. Based on these studies the main floods characteristics in regards to river 
systems are summarized. Methods for the evaluation of floods are presented. The most recent 
required and adopted EU, Bulgarian and Greek legislations are outlined concisely. To better 
explain floods and its consequences policies and practices area connected and are considered with 
regard to prevention measures in the form of early warning systems that can be implemented on 
the watershed or river basin level along with urban areas. River restoration as an option is also 
suggested. The presented information address the experts in the Balkan region in regards to 
knowledge, practices dissemination and enhancement of Flood mitigation. It also addresses the 
connection between experts and decision makers that are responsible with flood mitigation and 
prevention. 

 
P. Dobreva 
Institute of Mechanics – BAS, Bulgaria 
A study of the plasma in the magnetosheath using the numerical magnetosheath-
magnetosphere model and THEMIS measurements 
This paper is an investigation of plasma parameters in a case of satellite crossing of the 

magnetosheath. As a theoretical tool we apply the numerical magnetosheath-magnetosphere 
model. The distribution of the plasma in the magnetosheath  is on the basis of gas-dynamic 
simulations.  The magnetic field in the magnetosphere is calculated by a variant of the Tsyganenko 
model. The positions of the bow shock and the  magnetopause are determined  from the Rankine–
Hugoniot  conditions. We use WIND measurements as a solar wind monitor.  We discuss the 
possibilities of the gas-dynamic approximation to reproduce the variations of   the plasma 
parameters in the magnetosheath. 

 
P. Dobreva*, M. Kartalev*, N. Borodkova, G. Zastenker 
*Institute of Mechanics – BAS, Bulgaria 
Theoretical and experimental study of the ion flux in the magnetosheath 



13’NCTAM Book of Abstracts 

23 
 

We investigate the ion flux, measured during a spacecraft passage through the 
magnetosheath. Theoretical interpretation is based on the numerical magnetosheath-
magnetosphere model.  The flow in the magnetosheath is governed by the Euler equations for a 
perfect gas.  The magnetic field in the magnetosphere is calculated by a variant of the Tsyganenko 
model, modified to account for an asymmetric magnetopause. The bow shock and the 
magnetopause are self-consistently determined in the process of the solution.  We demonstrate 
that variations of the measured ion flux are in good agreement with those observed in the 
simulations. 

 
P. Gospodinov, D. Dankov, Vl. Roussinov, M. Mironova 
Institute of Mechanics – BAS, Bulgaria  
Thermoacoustic waves in pulsed pirani sensor MEMS. Numerical investigation 
The transient heat transfer process and generated thermoacoustic waves are studied in 

rarefied gas confined between two stationary concentric cylinders. The inner cylinder (filament) 
is subjected to a periodically heating-cooling cycle. The heat transfer is modeled with continuous 
model based on Navier-Sockes Fourier equations of motion and energy transfer and with a 
statistical DSMC model. The temperature, thermodynamic pressure and pressure difference 
between thermodynamic pressure and radial stress tensor component are investigated for 
different forced circular frequencies of heating cooling cycle of filament and for different filament 
radii. The numerical results  for pressure variation at the end of any local heating stage of heating-
cooling cycle are close to the value of equilibrium thermodynamic pressure. The results are 
applicable in designing the pulsed Pirani sensors. 

 
I. P. Jordanov 
University of National and World Economy, Institute of Mechanics – BAS, Bulgaria 
Application of the modified method of simplest equation for obtaining exact solutions for 
nonlinear models PDEs from dynamics of interacting populations 
The dynamics of many social and natural systems is nonlinear. In this aspect we model the 

spatial and temporal dynamics of populations by a system of nonlinear partial differential 
equations. We are interested in the waves caused by immigration of population. We study 
nonlinear waves that serve to highlight some of the most significant phenomena not encountered 
in linear systems. We assume that the immigration is a diffusion process influenced by the 
changing values of the growth rates and coefficients of interaction among the migration groups. 
Depending on the nature of the system, the agents may have a variety of properties, as well as to 
interact in a different way. In recent years there has been rapid development of the agent models 
because with their help we can adequately describe the processes in a number of social systems, 
such as the migration of various separate groups of populations. Parabolic second order partial 
differential equations describe nonlinear diffusion processes, including population dynamics. 
Third order partial differential equations arise in the study of water waves, plasma waves, waves 
in elastic media, and elsewhere. There are many approaches for obtaining analytic solutions of 
nonlinear partial differential equations. In this paper we will use the modified method of the 
simplest equation. The method is a modified version of the method of the simplest equation that 
is based on the fact that after application of an appropriate ansatz a large class of nonlinear PDEs 
can be reduced to nonlinear ODEs and for some equations of the kind particular solutions can be 
obtained which are finite series. Among them are the modified tanh-function method, the Exp-
function method, the F-expansion method and the simplest equation method. Applying the 
modified method of the simple equation [1, 2], we get the exact solutions of this equations. 

This work contains results, which are supported by the UNWE project for scientific 
researchers with grant agreement No. NID NI - 21/2016. 
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T. Mishonov, A. Varonov, N. Zahariev, R. Topchiyska, B. Lazov, S. Mladenov 
Sofia University, Faculty of Physics, Bulgaria 
Magnetohydrodynamic calculation of the temperature and wind velocity profile of the 
solar transition region. Preliminary results 
The sharp almost step like increase the temperature in the transition region (TR) between 

chromosphere and solar corona is well-known from decades; for first time we are giving a detailed 
magnetohydrodynamic (MHD) calculation of the height dependence of the temperature. The 
width of the transition region is evaluated by maximal value of the logarithmic derivative of the 
temperature. At fixed heating only MHD can give such a narrow width and in such sense even the 
qualitative agreement with the observational data, gives the final verdict what is the heating 
mechanism of the solar corona. Static profiles of the temperature and wind velocity are calculated 
for static frequency dependent spectral density of the incoming MHD waves; no time dependent 
computer simulations. At fixed spectral density of MHD waves, the MHD calculation predicts 
height dependence of the non-thermal broadening of spectral lines and its angular dependence. 
For illustration is used one dimensional approximation of completely ionized hydrogen plasma in 
weak magnetic field, but it is considered that the width of the TR is weakly dependent with respect 
of further elaboration. The analyzed MHD calculation is a numerical confirmation of the 
qualitative concept of self-induced opacity of the plasma with respect of MHD waves. The plasma 
viscosity strongly increases with the temperature. Heated by MHD waves, plasma increases the 
wave absorption and this positive feedback leads to further heating. The static temperature profile 
is a result of a self-consistent calculation of propagation of MHD wave through the static 
background of wind and temperature profile. The numerical method allows consideration of 
incoming MHD waves with an arbitrary spectral density. Further elaboration of the method is 
briefly discussed: influence of second viscosity in the chromospheric part of the TR, influence of 
the magnetic field on the coronal side of the TR and investigation of such type effects on the width 
of the TR. 

 
S. Mochizuki, G. Yamada 
Department of Mechanical Engineering, Tokai University, Japan 
Aerodynamic characteristic and flow field of delta wings with the canard 
Now, many kinds of explorations for outer planets have been proposed around the world. 

Among them Mars attracts much attention for future exploration. Orbiters and landers have been 
used for Mars exploration. Recently as a new exploration method, the usage of an airplane has 
been seriously considered and there are some development projects for Mars airplane. However, 
the airplane flying on the Earth atmosphere cannot fly on the Mars atmosphere, because 
atmospheric conditions are much different each other. Therefore, we focused on the usage of the 
airplane with unfolding wings for Mars exploration. These unfolding wings are designed as delta 
wings. However, delta wings do not have enough aerodynamics characteristics  in a low speed 
region. In this study, to improve the aerodynamics characteristics of delta wings, we have 
proposed the usage of canard wings. The purpose of this study is to examine the effectiveness of 
canard wings to improve aerodynamic characteristics in a low speed region. 

Wind tunnel experiments and CFD analysis are performed using four wing models with 
different canard shapes.    The result shows that the usage of canards is effective to improve 
aerodynamic characteristics of delta wings in a low speed region. In addition, increasing lift 
coefficient is possible by changing the shape of canards. 

 
D. Pashchenko 
Samara State Technical University, Russia 
Numerical investigation of high temperature synthesis gas pre-mixed combustion via 
ANSYS Fluent 
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A numerical model of the synthesis gas/air pre-mixed combustion is developed. The 
research was carried out via ANSYS Fluent software. Verification of the numerical results was 
carried out using experimental data. A visual comparison of the flame contours that obtained by 
the synthesis gas combustion for Re = 600; 800; 1000 was performed. A comparison of the wall 
temperature of the combustion chamber, obtained with the help of the developed model, with the 
results of a physical experiment was also presented. For all cases, good convergence of the results 
is observed. It is established that a change in the temperature of the syngas/air mixture at the 
inlet to the combustion chamber does not significantly affect the temperature of the combustion 
products due to the dissipation of the H2O and CO2 molecules. The obtained results are of 
practical importance for the design of heat engineering plants with thermochemical heat recovery. 

 
M. Rashevski, Sl. Slavtchev 
Institute of Mechanics – BAS, Bulgaria 
Self-similar solution for viscous flow in horizontal channel with upper porous wall and 
lower rigid wall 
In this report we study the heat transfer in a two-dimensional flow of a viscous fluid in a 

horizontal semi-infinite channel with upper porous wall and lower rigid one. Two physical 
situations are considered. In the first case, the fluid goes from infinity to the closed end of the 
channel and blows through the porous wall into a big fluid reservoir situated above the channel. 
In the second case, the fluid is injected from the reservoir into the channel and flows in the 
direction of the open end of the channel. The velocity of blowing or injection is assumed constant, 
being positive in the first case and negative in the second one. Some specific thermal conditions 
on the channel walls are considered. The temperature of the upper wall decreases linearly along 
the channel while the lower rigid wall is isolated or has constant temperature. 

The viscous flow in the channel is described by the Navier-Stokes equations which have 
similarity solution for the velocity and pressure. The velocity profile depends on the Reynolds 
number Re which is based on the blowing (injection) velocity. For relatively small positive Re, the 
velocity has only one maximum and the fluid goes in one direction. For larger Reynolds numbers 
the velocity profile has one maximum and one minimum, thus showing the existence of a return 
flow in the lower part of the channel. 

For the formulated thermal conditions on the channel walls, the solution of the heat 
equation is also found in similarity form. Using the hydrodynamic similarity solution, the heat 
equation is easily reduced to an ordinary differential equation for the temperature function which 
depends on the variable across the channel. That second-order linear equation with variable 
coefficients is solved numerically by the tridiagonal matrix algorithm. 

The temperature profiles and isotherm are presented graphically for different flow regimes. 
It is shown that in the case of blowing, the temperature of the lower adiabatic boundary increases 
with the Reynolds number up to more than two times comparing with the upper wall temperature. 
When the Reynolds number is high and the return flow exists the temperature of the bottom wall 
becomes lower than that of the upper one. 

 
K. Shterev, St. Stefanov 
Institute of Mechanics – BAS, Bulgaria 
Numerical investigation of conjugate heat transfer in flat microchannel 

In recent decades we have witnessed a technological revolution in almost all areas of human 
activity related to miniaturization of creating new devices and systems. The beginning was given 
by microelectronics, but the process rapidly spread to other areas of technology and industries. 
In the last decade it is observed a rapid development of Micro-Electro-Mechanical Systems 
(MEMS), which are numerous innovative applications in the most advanced technologies. An 
important place is given to a new field of study - full coupled study of heat transfer in hybrid gas-
solid systems. The conjugated heat exchange in micro-system consisting of solids and dilute gas 
between them is a problem that is  investigated. We  use continuum models to describe both solid 
bodies and dilute gas. The time evolution of dilute gas is described on the basis of the Navier-
Stokes-Fourier (NSF) equations for a compressible viscous gas with transport coefficients 
determined by the first approximation of the Chapman-Enskog theory for low Knudsen numbers. 
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The models were numerically calculated with finite volume method. An important element in the 
problem formulation is the choice of model boundary conditions, treating non-equilibrium 
phenomena such as slip and temperature jump at the boundaries. 

 
H. Velichkova1, Ph. Planquart2, S. Buckingham2, J.-M. Buchlin2 
1 Institute of Mechanics – BAS, Bulgaria 
2 Von Karman Institute for Fluid Dynamics, Belgium 

Flow field characterization of a new wind tunnel designed for low Prandtl number fluids 
The MYRRHA reactor is designed by the Belgian Nuclear Research Centre, SCK•CEN, and 

uses a heavy liquid metal (HLM) as primary coolant. This liquid is characterized by a low Prandtl 
number (Pr = 0.025) and such fluids exhibit significant differences in thermal behaviour that 
cannot be reproduced by the existing turbulent heat transfer models. Consequently, for CFD 
simulations to accurately predict thermal stresses and help in the design of HLM reactors, more 
advanced models need to be developed. However, the basic problem is that there is limited 
experimental data available at low Prandtl number, and it is limited to confined channel flows. To 
answer these needs, the MYRTE project aims at generating a validation database for non-confined 
flows. A new wind tunnel had been built at Von Karman Institute (VKI) in order to test a 
moderately low Prandtl number (Pr = 0.2) gas mixture (He-Xe).  

The general objective was to perform measurements, in order to determine the turbulent 
Inlet/Outlet flow conditions in Myrte wind tunnel. To reach this objective, were used Hot Wire 
Anemometry (HWA), Particle Image Velocimetry (PIV) for velocity measurements. This data is 
required input for Large Eddy Simulations (LES) and crucial for CFD validation. Finally, the 
measurements will be performed on the Backward-Facing-Step (BFS) and jet test-cases in order 
to create a reference turbulence data-base. Than when the flow field is determined, measurements 
with low Prandtl fluid can be performed. 
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[1] G. Grotzbach, Challenges in simulation and modeling of heat transfer in low-Prandtl number 
fluids, NURETH-14, 2011.  
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N. K. Vitanov1, Zl. I. Dimitrova2 
1 Institute of Mechanics – BAS, Bulgaria 
2 Institute of – BAS, Bulgaria 
Modified method of simplest equation and the nonlinear Schrödinger equation 
The nonlinear Schroedinger equation (NSE) is a model equation for nonlinear waves in deep 

water. In this presentation we apply the modified method of simplest equation [1]-[3] for 
obtaining exact analytical solutions of nonlinear partial differential equations (MMSE) in order 
to obtain traveling wave solutions of nonlinear partial differential equations of NSE kind. We 
discuss the obtained exact solutions and their possible applications in the theory of water waves 
as well as in the optics. 
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N. K. Vitanov1, Ts. Ivanova2 
1 Institute of Mechanics – BAS, Bulgaria 
2 Sofia University, Faculty of Physics, Bulgaria  
On solitary wave solutions of a class of nonlinear partial differential equations modeling 
shallow water waves 
The modified method of simplest equation [1] - [3] is applied for obtaining exact solitary 

traveling-wave solutions of nonlinear partial differential equations that contain monomials of odd 
and even grade with respect to participating derivatives. The developed methodology is illustrated 
on two examples of classes of nonlinear partial differential equations that contain: (i) only 
monomials of odd grade with respect to participating derivatives; (ii) only monomials of even 
grade with respect to participating derivatives. The obtained solitary wave solution for the case (i) 
contains as particular cases the solitary wave solutions of Korteweg-deVries equation and of a 
version of the modified Korteweg-deVries equation.  

REFERENCES 
[1] Vitanov NK, Dimitrova ZI, Kantz H. Modified method of simplest equation andits application 
to nonlinear PDEs. Applied Mathematics and Computation2010; 216: 2587 - 2595. 
[2] Vitanov NK. Modified method of simplest equation: Powerful tool for obtaining exact and 
approximate traveling-wave solutions of nonlinear PDEs. Commun. Nonlinear Sci. Numer. 
Simulat. 2011; 16: 1176 - 1185. 
[3] Vitanov NK, Dimitrova ZI, Vitanov KN. Modified method of simplest equation for obtaining 
exact analytical solutions of nonlinear partial differential equations: further development of the 
methodology with applications. Applied Mathematics and Computation 2015; 269, 363 - 378. 

 
H. Weisweiler, J. Kojouharova, R. Dückershoff 
Mechatronics and Technlogy THM University of Applied Sciences, Germany 
Design of short low speed Göttingen type wind tunnel: CFD Simulation 
The talk is focused on design simulation by means of a commercial software for a low speed 

open circuit wind tunnel recently built at the Department of Mechanical Engineering, 
Mechatronics and Technology at THM University of Applied Sciences in Friedberg. 

We had to face the task to construct a wind tunnel which had to serve educational and 
research purposes. The specification fixed the working area to be 1m to 1m cross section and the 
fluid velocity up to 50 m/s with turbulence of less than 2% and an outstanding velocity uniformity. 

Due to the specifics of the infrastructure we were confronted with severe restrictions on the 
tunnel length. The space available – length not more than 10.5 m – is far off typical and desirable 
wind tunnel dimensions to achieve the above mentioned flow specification. The ventilator type 
selection has also affected the overall consideration. Thus, any standard solution seemed merely 
applicable. For the selection of the ventilator comprehensive and accurate assessment of the 
pressure losses along the channel was needed. 

The simulation had the target to propose and to verify various geometries - test chamber, 
tunnel contraction, diffuser etc. as well the tunnel corner including the vanes. In addition the 
study of the influence of the number of the vanes and their shape on the needed ventilator power 
as well the flow velocity uniformity were subjects of the investigations. Also the ventilator type 
(rotational segment) impact on the flow pattern within the operational area were scrutinized. 
 

G. Yamada, Sh. Yanai 
Department of Mechanical Engineering, Tokai University, Japan 
Radiation measurements in a shock tube for Mars entry flight 
Experimental and numerical studies are conducted to investigate characteristics of shock-

induced plasma flows around a space vehicles entering into the Mars atmosphere. In this study, 
a shock tube is used to simulate a shock wave generated around a space vehicle in a Mars entry 
flight condition. Spectroscopic measurements of the plasma flows are conducted behind a shock 
wave generated in the shock tube. Measured spectra show the chemical composition of plasma 
flows and temporal evolution of chemical reaction processes. It is found that emissions of CN and 
C2 molecules are dominant in the measured spectra. The rotational and vibrational temperatures 
are derived from the measured spectra by a spectrum fitting technique and compared with the 
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numerical ones obtained from the computational fluid dynamics (CFD) simulation. It is found 
that the measured rotational and vibrational temperatures are almost same immediately behind 
a shock wave, showing the disagreement with the calculated ones. The present result has indicated 
that the modification of the physical model used in the simulation is required by further 
investigations. 

 
Biomechanics 
 
I. Edissonov, S. Ranchev 
Institute of Mechanics – BAS, Bulgaria 
Modelling and simulation of the immune process at Viral Hepatitis C 
Mathematical model at viral Hepatitis C is proposed as nonlinear system of 

ordinary differential equations. Based on clinical data of the immune process at viral Hepatitis C 
a numerical simulation is carried out. As a result of the simulation such values of the parameters 
in the kinetic model are obtained at which the experimental clinical values ate maximal near to 
the theoretical results. 

 
E. Koytchev*, N. Suzaki, S. Yamaguchi, S. Imazato, Y. Shinno, M. Datcheva*, 
M. Hayashi 
*Institute of Mechanics – BAS, Bulgaria 
Micro-mechanical characterization of experimental direct core build-up resin composites 
with different levels of filler contents 
Objectives: Special materials and techniques are essential for achieving a full functional 

restoration of mechanically compromised endodontically treated teeth. A core build-up is a way 
of restoring severely broken down teeth, so that the bulk of the coronal portion is rebuild in a 
suitable manner, allowing for some kind of extracoronal restoration. Although metal cores are 
still regarded as very high durability, recently, there is a tendency to shift towards using different 
composite resin cores mainly due to the ease of use and reduced manipulation time. Nowadays, 
improved high strength composite resins are used to achieve a good core restoration. Many 
studies have investigated the fracture behavior of simulated cores in different geometric 
configurations, but only a few have compared mechanical properties of the different materials. 
With more and more core build-up materials being released, the clinicians need better insights 
regarding the mechanical features in order to make the optimal choice for achieving best results. 
The present study aimed to investigate at mechanical and micromechanical levels the flexural 
fracture strength and fracture toughness of newly developed core build-up materials. 

Materials and methods: Clearfil DC Core Automix One (Kuraray Noritake Dental Co.) with 
variable filler contents (+2.5 and +5 wt %) were used. The fracture strength was estimated in a 
three-point bending mode using an universal testing machine (Autograph, Shimadzu Co.), while 
the fracture toughness was obtained in a tensile mode, utilizing notchless triangular prism 
specimens (EZ Test, Shimadzu Co.). The performance of these materials were compared to 
already existing commercially available products. Fractured surfaces were characterized 
micromorphologically by means of scanning electron microscopy (SEM; JSM6390LV, JEOL) at 
x2000 magnification. The results were statistically processed using one-way ANOVA and Tukey’s 
HSD test (IBM SPSS). 

Results: Flexural strength and fracture toughness generally improved with the increase of 
the filler content. A 2.5 wt % increase proved to be most optimal and yielded fracture strength of 
(114.1 ±9.1 MPa) when compared to the control group (91.7 ±11.8 MPa) and the 5 weight percent 
increase group (116.6 ±5.1 MPa). The Young’s modulus for the 2.5 wt % group and the 5 wt % were 
(15.4 ± 1.2 GPa) and (15.3 ± 2 GPa) respectively, while for the control group it was (12.6 ± 0.9 
GPa). The fracture surfaces morphological appearance under SEM observation was in support 
with the increased mechanical strength. 

Conclusion: The newly developed composite resin core build-up seemed to be a good 
alternative to the conventional core build-up materials and could be the material of choice when 
a more durable restoration is sought. 
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A. Nedev, R. Blagoeva 
Institute of Mechanics – BAS, Bulgaria 
Numerical modeling of indomethacin release from polymersome nanoparticles based on 
PNIPAM-G-PEO graft copolymer 
Numerical modeling of the release of the socially important drug indomethacin from 

various polymersome nanaparticles is presented. The numerical apporach to prediction of drug 
liberation from the considered nanaparticles, offered by the authors, is used in the case of 
predominant dissolution mechanism. The model is validated for three temperatures and three 
values of ethanol concentration in the release medium on the basis of avaliable experimental data. 
The reliability of the proposed numerical approach is analyzed. The best goodness of fit is 
obtained in the case of vesicular nanoparticles for 10% and 20% ethanol at 37 degree C; 10% 
ethanol at 42 degree C and in the case of micellar nanoparticles for 5% and 10% ethanol at 37 
degree C. In order to evaluate the fractional drug release into the period of 24 hours numerical 
simulations are performed. The present numerical approach can be used as an effective tool in 
design of new nanocarriers of the considered type. 

 
G. St. Nikolova, D. Dantchev, Al. Kazakoff 
Institute of Mechanics – BAS, Bulgaria 

Human upper limb manipulator mass center motion and mass moments of inertia 
variation   
In this paper, a new approach for determination of the human upper limb mass-inertial 

characteristics and mass center motion control is presented, by using the 3D geometrical 
mathematical modelling analysis approach. An underlying assumption in our work is that the 
motion of healthy people is optimal with respect to positioning accuracy, movement response, 
and energy expenditure - all these shall be incorporated with the proper manipulation system 
mass properties definition. We consider the so-called two joints model of the upper limb. We take 
that the upper arm can move only in the (z, x) plane with an angle    that characterizes its position. 
The lower arm is taken to be able to move in the plane formed by the upper and the lower arm 
with angle β determining the position of one with respect to the other one. The objective of the 
work presented in this study is investigation on the mass center motion of the manipulator and 
the corresponding mass moments of inertia variation, respectively. First of all, the mass center 
motion is defined, forming a partial saddle like surface and secondly, the mass moments of inertia 
variation is defined with both angles variation, respectively to the position of the mass center. The 
mass moments of inertia variation is investigated in two stages firstly, according to the 
manipulator mass center, this means variation of angle β in the movable coordinate system and 
immovably connected with the manipulator, and second stage variation of both angles and mass 
moments of inertia defined with respect to the origin of the immovable coordinate system, this is 
with origin in the shoulder joint. The application of this study is at motion control, which is 
complicated for people having traumas or neurological diseases. 

The financial support by the Bulgarian National Science Fund: Contract DN-07/5 “Study of 
anthropometric and mass-inertial characteristics of the Bulgarian men and women via 
mathematical models of the human body” is gratefully acknowledged. 

 
G. St. Nikolova, Vl. Kotev, D. Dantchev 
Institute of Mechanics – BAS, Bulgaria 
CAD design of human male body for mass – inertial characteristics studies   
The aim of the present research is to present a 16-segmental biomechanical model of the 

Bulgarian male to determine the mass-inertial characteristics of the body of the Bulgarian male 
based on parameters available in the literature and its 3D generation within SolidWorks software. 
The motivation of the research is to support mainly sport, rehabilitation, wearable robots and 
furniture design users. The proposed CAD model of the human body of men is verified against the 
analytical results from our previous investigation, as well as through comparison with data 
available in the provided references. In this paper we model two basic human body positions: 
standing position and sitting with thighs elevated. The comparison performed between our model 
results and data reported in literature gives us confidence that this model can be reliably used to 
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calculate the mass-inertial characteristics of male body at any postures of the body that is of 
interest. Therefore, our model can be used to obtain data for positions which the human body has 
to take in everyday live, in sport, leisure, including space exploration, for investigating 
criminology cases body fall, car crash, etc. The model is suitable for performing computer 
simulation in robotics, medicine, sport and other areas. The financial support by the Bulgarian 
National Science Fund: Contract DN-07/5 “Study of anthropometric and mass-inertial 
characteristics of the Bulgarian men and women via mathematical models of the human body” is 
gratefully acknowledged. 

 
P. Parushev 
International Baptist Theological Study Centre, Amsterdam, the Netherlands 
Reflections on academic reasoning and morality of a scholar 
The line of argument in this essay acknowledges that every scholar comes to her or his 

research project as a human being - a human character with its set of convictions. Human 
rationality therefore is not an independent faculty and cannot be divorced of human convictions. 
Taking a lead from the author’s reflections on his personal experience facing moral challenges in 
constituting the field of bio-mechatronic research, the paper presents an algorithm of analysis of 
complex holistic arguments. Particular attention is paid to the study of the logical structure of an 
argument. However, based on the most recent advances in the development of philosophical 
theology, in particular the emergence of narrative and contextual philosophies, the claim of the 
paper is that rationality of an argument, most of the time implicitly, supervenes on a scholar’s 
convictions. The claim is equally valid both at the stage of the development of an argument and 
at the stage of the assessment and critical evaluation of an argument by the opponents. Besides 
the necessary rational component, any argument contains a moral one, which is based upon 
scholar’s convictions. In fact, the paper argues that convictions form scholar's perspective and 
guide her or his argumentation. From this perspective rationality of an argument is a 
superstructure of the scholar’s moral character. The paper explores further the role of academic 
and moral communities and the large scale academic and moral traditions in the formation of as 
scholar’s convictional sets. Such an understanding of the nature of academic argumentation will 
have direct implications for the ethics of scientific research and for the ways scholars consider 
sources of their inspiration and moral dimensions of their research. 

 
E. Petrova 
Institute of Mechanics – BAS, Bulgaria 
Study on oxidation rates and oxidation degrees at adaptation of bacterial strain 
Acidithiobacillus ferrooxidans JCM 3863 to 26 g/L ferrous ions 
Acidithiobacillus ferrooxidans can oxidize ferrous to ferric ions. It is used in 

biohidrometalurgy which deals with all aspects of extraction of metals from minerals and solid 
wastes and acid mine drainage with the help of microorganisms. The bacteria are used for 
bioremediation of soils and water pollutions. 

In their natural environment, the bacteria may fall within the area with severe toxicity due 
to high concentrations of dissolved metals, which inhibit it. The adaptation of Acidithiobacillus 
ferrooxidans to high concentrations of ferric ions can improve their resistance to high 
concentrations of pollutants such as mercury, uranium, lead. 
This work is a part of large investigation on adaptation of Acidithiobacillus ferrooxidans to high 
concentrations of ferric ions and aims to analyze the oxidation rates and oxidation degrees at 
adaptation of bacterial strain Acidithiobacillus ferrooxidans JCM 3863 to S0 = 26g/L ferrous 
ions. The experimental results show the role of the inhibiting effect of the substrate on life activity 
of the cells. 

 
E. Petrova 
Institute of Mechanics – BAS, Bulgaria 
Anthropogenic influence on the water environment and methods for its reduction   
Ocean water can cover more than 70 percent of the surface of the Earth, but fresh water is 

nearly 2% from water environment. A large proportion of the population in the less developed 
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countries is thirsty people, who rely on limited supply of fresh water to survive physically. Climate 
change affects rainfall and surface runoff, thus disturbing the spread of plants and animals and 
lowering ecosystem performance. Another problem is water pollution, caused by pesticides, or 
petroleum derivatives, waste treatment, mining equipment, oil spills, refineries, in the absence of 
septic systems, factories, animal waste, detergents. Despite its undeniable abundance, water is a 
limiting factor for our survival with its 2% freshwater reserves of all the water resources. 

This work aims to summary the methods, used for reduction of harmful anthropogenic 
activity on water environment. Some methods, used for solving the problems with water 
environment include: Protection the purity of sewage water from draining water; Reducing 
pollutants such as bacteria and viruses; Creating new pollution limits for the most problematic 
areas. Promoting water efficiency; Achieving a balance between the economy, society and the 
resource coming from nature. 
 

Ph. Philipoff 
Institute of Mechanics – BAS, Bulgaria 
Micromechanical modeling of dental tissues and structures 
Micromechanical mathematical models are presented in the paper. The dynamical 

behaviour of  hard dental tissues and structures in aggressive surroundings of the mouth cavity is 
described. The potential distribution of different zones of enamel accountable for caries 
development is investigated. The normal structures of enamel with different degree of 
mineralization, microstructure of apatite crystals and some microstructure changes leading to 
caries processes are considered. 

 The dynamic behavior of hard dental tissues and structures is estimated. Used models take 
into account the aggressive environment in the oral cavity. The emergence and development 
of caries are studied from mechanical point of view. 

 The influence of these factors on the damage state of hard dental tissues and structures is 
accounted for. The constitutive equations describe the base mechanisms of de- and 
remineralisation of Ca-ions and their influence on the mechanical tooth strength in normal 
and pathology cases. The methods used are Boundary Integral Equation Technique and 
Structural Method Approach. The dynamical loads are of irnpulse and stochastic type. 
 
MS01 Multiphase Flows in Science and Engineering 
 
E. Bournaski*, V. Berman 
*Institute of Meteorology and Hydrology, Bulgaria 
Modernization of homogeneous model for simulation of non-steady turbulent flows of 
slurry in pipeline 
In different industrial technologies the transport of solid dispersion materials is 

often   realized in hydro- and pneumatic pipeline systems. Usually this transport takes place in 
the regime of a developed turbulence. Many important theoretical problems related to this 
turbulent transport are unsolved. 

In particular, the most part of known in this area of research is devoted to study of    steady 
motion of two-phase flows. At the same time, at exploitation of hydraulic pipeline  systems 
constantly there are of a various non-steady (transient) operational modes, which take place, for 
example, at starting and stopping of these systems. The account of non-steady process allows a 
stable work of all transport system and step up reliability and durability of pressure pipelines and 
all hydraulic equipment. 

In this paper we suggest to develop the theoretical approach and numerical    modeling for 
non-steady turbulent transport for wide class of hydraulic pipeline systems. A general system of 
the averaged differential equations in the frame of modernized homogeneous model was 
proposed. This system of equations is describing a dynamic of non-steady flows of suspension of 
different solid materials in pipeline. The method of “closing” these equations was derived. 

The basic problems of non-steady of two-phase flows, such as loading and  unloading of 
pipelines of dispersion materials, starting and stopping of hydraulic   pipeline systems, hydraulic 
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impact, connection of intermediate pump stations and other  have been studied. The numerical 
algorithms for simulation of such kind of non-steady flows were also developed. 

The main application of this research can be appeared at using of special pipeline systems 
for transportation and utilization different solid dispersion materials. 
 

P. S. Hachaj 
Institute of Water Engineering and Water Management, Cracow University of Technology, 
Poland 
Non-Newtonian phenomena in large-scale free-surface water flow at extremely low 
average velocities 
Observations made by people working with flow-through lakes and reservoirs (like 

fishermen or dam facilities staff) indicate that for relatively small total discharges the flow is not 
carried by the whole water body. Instead, one or more currents appear while the majority of water 
contained in the reservoir remains stagnant. This phenomenon, sometimes called “the memory 
of the river” is not reproduced by numerical models of free-surface flow which tend to prefer more 
uniform velocity distribution throughout the domain. Recent laboratory experiments, presented 
in this article, were conducted to observe the regime of free-surface flow at extremely low average 
velocities (vav ≤ 0.5 mm/s). They seem to confirm non-Newtonian behavior of water flowing with 
a free surface at very low shear stress values. A hypothesis regarding the nature of this effect (as 
a consequence of simplified LuGre viscosity term applied) is also shown and discussed. 

 
H. V. Hoang 
Vietnam Academy of Water Resources, Vietnam 
Some initial rudiment results on hydrodynamic – wave – deposition/erosion processes in 
the coastal Cuu Long Delta of Vietnam 
The Mekong Delta is the heart of the rise producing region of the country where water, 

boats, houses and markets coexist to produce a generous harvest of rice. Within the delta system 
dominated by rice, now the farming system in coastal zone also includes activities related to 
aquaculture, rearing of animals, cash crops and fruit trees. Under aquaculture fresh and saline 
water shrimp are raised within the paddy rice fields. As a further environmental zoning of the 
delta, mangrove forests are also developed. 

However, coastal zone in southern Viet Nam recently takes place erosion/deposition 
phenomenon considerably, especially under climate change condition. This paper presents the 
rudiment results of study on the hydrodynamic- wave- deposition/erosion phenomenon in the 
coastal Cuu Long Delta of Vietnam. Hydrodynamic, wave and sediment transport modules in 
Mike 21/3 FM modelling software are used to give initial general picture on erosion/deposition 
process and based on the results of paper, the manager is able to propose feasible measures to 
reduce negative impacts as well as promote exploitation of positive aspects for the sustainable 
development in the coastal Cuu Long Delta of Vietnam. 

 
I. Ivanov, E. Bournaski* 
*Institute of Meteorology and Hydrology, Bulgaria 
Critical velocity and critical hydraulic gradient in horizontal pipe flows of suspension with 
the presence of fine solid particles 

Existing experimental data of hydraulic transport of sands in horizontal pipelines shows 
that the available fine (clay) solids affect the critical velocity and critical hydraulic gradient of the 
suspension. At small concentrations of the solids, they act in the direction of the increase of the 
parameters, while in the highly concentrated suspensions in the direction of decrease. The impact 
on the critical hydraulic gradient is mainly due to the influence of fine particles on the critical 
velocity. The impact on the coefficient of friction is in the direction of reduction, but it is negligible. 
Clay solids affect mainly critical velocity and have little effect on the friction coefficient. With 
equal other conditions, the finer the added fine particles in the suspension, the more effective 
their influence is. The effect is maximal at weight concentration of the fine solids of about 7-8%. 
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H. M. Le, H. B. Tran 
Vietnam Academy of Water Resources, Vietnam 
Situation, causes and solutions for coastal protection and restoration of coastal 
mangroves in the Mekong Delta 
The Vietnamese Mekong River Delta is part of the Mekong Delta, covering an area of 39,734 

km², formed by sedimentation and gradually accretion through the sea level changing eras. The 
mixed activities of rivers and seas formed fertile alluvial lands along river dykes and along some 
coastal sandbanks and acid soil on low-lying saline sediments. 

The contribution of the Mekong River plays a very important role during delta formation. 
The average annual water supply of this river is about 400 billion m³ of water and about 100 
million tons of sediment, debris is eroded from the river basin, although part of it temporarily 
deposited along the flowing direction and eventually brought to the river mouth and deposited as 
a delta. 

Through the cycles of evolution, change and adaptation between the seas and the continent, 
there is a transitive ecological system, that is a coastal forest, creating a harmonious, sustainable 
balance connection between airspace, sea and land. 

Coastal mangroves are an integral part of the sea dyke system, which reduces the wave 
height before dyke, prevents adverse impacts from the sea to land, increases the ability of 
sediment deposition to protect the fore land; protect the environment, biodiversity and 
ecosystems. 

Although its important role, however mangroves belt of coastal zone in the Mekong Delta 
has been, and will continue diminishing. Coastal mangrove ecosystem including regeneration or 
pioneer belt (which is against large wave), belt of dissipation (reducing wave), and highland belt 
(connecting sea and land environment) is no longer complete or able to support each other. Even 
more coastlines with no mangrove forest, coastal erosion has destroyed many homes, 
infrastructure, architecture and many achievements of coastal people. 

By incorporating between remote sensing analysis, mathematical modeling and physical 
model, we defined the situations, development trends, causes and proposed mitigation measures 
to recover the mangrove forest for the Mekong Delta in Vietnam. 

 
T. Tuzova 
Institute of Water Problems and Hydro Power, National Academy of Sciences – Kyrgyzstan 
Features of migration of even uranium isotopes in natural waters of the basins of 
mountain rivers in Central Asia 
The phenomenon of the fractionation of 234U and 238U isotopes (genetically related in 

uranium decay series) has led to widespread use of the ratio 234U/238U as a natural radioactive 
tracer in solving a number of fundamental and applied problems in geophysics, hydrology, and 
hydrogeology. The method of disequilibrium uranium is recommended for searching and 
contouring uranium deposits, dating natural objects, calculating proportions of mixed waters of 
different sources, tracing underground water flows, and determining their spatial distribution. 
This study presents generalization of the obtained by the authors in earlier and recent years data 
on the application of uranium disequilibrium for studying the processes of its migration in the 
waters of mountain river basins of Central Asia. 

It has been found that the uranium content and the ratio of its even isotopes 234U/238U in 
the surface and underground waters vary widely. The waters of the mountain rivers are formed 
mainly by atmospheric precipitation, melted ice and ground waters of upper aquifer. The 
deviation from the equilibrium of 234U/238U ratio in each source depends on the water-bearing 
rocks and is a reliable natural genetic label of waters of the region. 

Due to aeolian processes, transporting lithospheric materials in the form of dust, 
measurable concentrations of uranium were found in atmospheric fallouts, glaciers and melt 
waters of moraine-glacial complexes. They allowed to predict breakthroughs of mountainous 
moraine-glacial lakes using disequilibrium uranium. 

Uranium in groundwaters is formed as a result of processes of dissolution, leaching and 
desorption in specific conditions, at biological and geochemical barriers. The highest uranium 
concentrations and equilibrium ratio of its isotopes are found in the waters of uranium deposits 
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due to solubility of uranium-bearing minerals. In underground waters of non-radioactive ore 
deposits excess of 234U is up to 200% or more due to dominating leaching of the lighter daughter 
isotope 234U. In thermal mineral waters of reservoir-type low uranium concentrations (10-7 g/L) 
with a relatively small excess of 234U are fixed. In waters of active deep crustal faults excess of 234U 
is higher than in surrounding waters of overlying horizons with low concentrations of uranium. 
The investigations of Chu Basin (the Northern Tien-Shan) show that the ratio 234U/238U in the 
runoff of mountain rivers at the same hydrological conditions remains constant for decades. This 
allows according to isotopic composition of uranium to estimate the proportion of each of the 
genetic components of river flow and to study its relative distribution throughout the river basin. 
Presence in the basin of at least one reliable hydrological post makes it possible to calculate all 
elements of the water balance of the basin during the period of the isotopic sampling. The 
applicability of the method is shown on the example of the process of defining more precisely the 
elements of water balance of basins of Issyk-Kul, Chu, Sary-Jaz, Talas (the Northern Tien-Shan), 
Gunt, Panj, and Kyzylsu (Pamir-Alai). 

The results of the investigations show that the method of disequilibrium uranium can be 
successful in solving radioecological problems, investigating water sources, and evaluating their 
relative distribution. 

 
V. G. Tzatchkov, J. Canto-Rios, A. Martin-Dominguez 
Mexican Institute of Water Technology, Mexico 
Vertical multiphase flow in electrocoagulation reactors: Laboratory and Numerical CFD 
modelling 
Electrocoagulation is a water treatment technology that consists of generating coagulant 

species in situ by electrolytic oxidation of anode materials triggered by electric current. It removes 
suspended solids, heavy metals, emulsified oils, bacteria, colloidal solids and particles, soluble 
inorganic pollutants and other contaminants from water, offering an alternative to the use of 
metal salts or polymers and polyelectrolyte addition for breaking stable emulsions and 
suspensions. The method essentially consists of passing the water being treated through pairs of 
consumable conductive metal plates in parallel, which act as monopolar electrodes, commonly 
known as “sacrificial electrodes”. Electrocoagulation reactors can be open (with free water 
surface) and closed (pressurized). The present work focuses on open electrocoagulation reactors 
with ascendant and descendant flow components. Given that the electrochemical process 
generates gas, three interacting states of matter are present in such reactors: liquid (the water 
being treated), solid (the particles to be removed), and the gas itself in form of bubbles. Little is 
known about the influence of this multiphase flow, and particularly the gas production, on the 
hydraulic head, flow streamlines, floc generation, the mass transfer, and the contaminant removal 
efficiency. In order to create recommendations for the electrocoagulation reactor design and 
optimization, a prototype laboratory scale model of such reactor was built at the Mexican Institute 
of Water Technology, and tests were carried out on it for different number of electrode plates and 
separation between them. Particle image velocimetry was applied to visualize and measure the 
instantaneous gas bubble velocity, their geometric characteristics, density and distribution, and 
interaction with the medium. A monochromatic high speed (8,000 frames per second) digital 
camera was used. The registered videos were disaggregated by the ImageJ® software, applying 
some filters, and the resulting images were processed by the PIVlab1.32® (time resolved digital 
particle image velocimetry tool for Matlab) algorithm, providing multiple flow pattern parameters 
and visualization. 

The hydrodynamic process is fundamental for the reactions that take place at the electrode 
boundary layers, and their interaction with the coagulant and flocs. Dead spaces and bypassing 
should be minimized. Tracer tests were carried out on the laboratory model, and processed by a 
three-parameter model developed by the authors, to determine the type of flow through the 
reactor and the portion of eventual dead space and bypassing. The tests showed predominantly 
plug flow behaviour, with small bypassing and dead space. A two-dimensional multiphase 
computational fluid dynamics (CFD) model of the reactor was implemented using the ANSYS 
Fluent software, for five geometry configurations, based on a first order implicit Eulerian scheme 
and k-epsilon turbulence model, using spatial discretization with first-order upwind scheme for 
the momentum and the turbulent dissipation rate, and second-order upwind scheme for the 
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turbulent kinetic energy, and the PRESTO (PREssure STaggering Option) scheme with discrete 
continuity balance for a "staggered'' control volume about the face to compute the "staggered'' 
(i.e., face) pressure. Interchange between phases and flotation forces were considered. 

The CFD model provided the detailed velocity distribution of the water and gas phases 
inside the reactor, that agreed well with the laboratory model and tracer test results. The portion 
of dead space inside the reactor was obtained to be very low (from zero to 2%) in the tests without 
electric current applied, and increased with applying electric current, attributed to the influence 
of gas bubbles generated during the electrolytic reaction. The gas presence also increases the 
velocity in the ascendant part of the reactor. The velocity increase may be an important factor for 
the treatment efficiency as it reduces the time needed for the particle mixing. In all studied cases, 
the mean hydraulic residence time was very similar to the theoretical hydraulic residence time, 
and the concentration generated by the electrochemical reaction was higher than the 
concentration predicted by the theory. The results obtained were processed statistically by the 
Statgraphics software to obtain the effect of each variable, which was compared with the known 
equations for reactor design. These results can be used as tools for design and scale-up of 
electrocoagulation reactors, to be integrated into new or existing water treatment plants. 

 
E. Yildiz 
Iller Bank Project Department, Wastewater treatment Section, Ankara, Turkey 
Wave mechanics: hydrodynamic wave forces at drinking water underlake pipeline at 
Burdur Lake-Turkey 
Burdur Lake is one of the largest lake of Turkey about 23 700 ha. Unfortunately Burdur lake 

area and lake depth decrease each year and the salinity increased 2 times in 30 years because of 
aridity. Burdur Municipality Drinking Water Pipeline had been constructed under Burdur Lake 
in 2002. Groundwater drained from deep wells flow to Burdur city under Burdur Lake. During 
the drinking water pipe line construction pipeline was placed directly over the lake basement, 
stability was supplied by using steel chains but this pipeline was broken in 2008 because of the 
hydrodynamic wave forces.  A new construction was made in 2008, pipeline was placed in a ditch 
under the lake and cement bags were used on the ditch for the stability. But cement bags were 
removed by the hydrodynamic forces and unstable pipeline removed from the ditch and it was 
broken again in 2010. Marble gabions were placed directly over the floating pipeline, pipeline was 
not placed again in the ditch in 2010 construction. But during a storm in 2013, pipeline gabions 
were removed by the hydrodynamic effects, pipeline began to float over the lake surface and  it 
was broken again. 

Burdur Drinking Water Underlake Pipeline system stability analysis were made for 2002-
2008, 2008-2010 and 2010-2014 time periods by using wave mechanics techniques also stability 
analysis was made for the pipeline in the ditch with the gabions as a projection. Horizontal, 
vertical wave forces, weights of the cement bags and marble gabions were used at the wave 
mechanics calculations. Also soil mechanics parameters of the Burdur Lake and water hammer 
effect of the drinking water in the pipe line were investigated in the content of this study. 

Burdur Lake depth decreases every year because of the aridty so the horizontal and vertical 
wave forces over the pipeline increase due to the decrease of the depth. Burdur Municipality could 
not use this pipeline system, pipeline system must be placed in a ditch and suitable gabions must 
be used in order to obtain the stability. 

 
MS02 Mechatronics 
 
G. Boiadjiev 1 2, K. Delchev 2, T. Boiadjiev 3, R. Kastelov 4, K. Zagursk 5 
1 Faculty of Mathematics and Informatics, Sofia University, Bulgaria 
2 Institute of Mechanics – BAS, Bulgaria 
3 Institute of Information and Communication Technologies – BAS, Bulgaria 
4 Orthopaedic and Trauma Clinical Centre of Ministry of Domestic Affairs, Bulgaria 
5 Institute of System Engineering and Robotics – BAS, Bulgaria 
Development of hand-held surgical robot for automatic bone drilling 
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This paper represents the development of a prototype robotic system for automatic bone 
drilling in orthopedic surgery. Answering the surgical requirements for the robot dimensions and 
weight to be as small as possible a new design of the mechanical structure is proposed. The new 
structure design is based on idea of parallelism of the axis of the linear actuator and the axis of 
the rotary one.  The control system is improved by using of a new micro-controller. A new type of 
linear drive and a new force sensor (load cell) are built in so that the quality characteristics of the 
“Orthopedic bone Drilling Robot” (ODRO) are not only the same as previous its versions [1, 2] but 
become better. An experimental setup is arranged and experiments are executed to test and verify 
the robot quality features and functional capabilities. 

REFERENCES 
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Results., Proceedings of the 9th IFAC International Symposium on Robot Control (SYROCO 
2009), Gifu Japan, September 9-12, 2009, pp 633-637, (2009). 
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and performance study of an orthopaedic surgery robotized module for automatic bone drilling, 
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D. Chakarov, I. Veneva, M. Tsveov, P. Venev 
Institute of Mechanics – BAS, Bulgaria 
Actuation system of powered upper limb orthosis based on pneumatic artificial muscles 
In the work is studied the actuation system of a powered upper limb orthosis used as haptics 

device for applications in virtual reality. It is important this device to possess naturally low 
impedance in order to achieve natural safety in the mutual interaction “human-robot”. To meet 
these requirements, an orthosis with actuation system based on pneumatic artificial muscles 
(PAM) is revealed. Joint motion/torque on the exoskeleton arm is achieved by antagonistic 
actions through pulleys, driven by the bundles of pneumatic muscles. Experimentally obtained 
force / contraction diagrams for bundles consisting of 1 to 6 muscles and supply pressure of 0 to 
400 kPa, are shown in the paper. For replication of PAM as a nonlinear spring, quadratic 
functions of muscle contraction are used. The stiffness of the pneumatic actuators is assessed as 
a function of the following parameters: the nominal length and maximum contraction of the 
muscles, the number of muscles in the bundle, the current contraction and the pressure of the 
muscles. Joint stiffness and joint torques are determined on condition of a power balance, as a 
function of the joint position, pressure, number of muscles and preliminary pretensioning. A 
control block diagram of the joint torques is created. 

The stiffness in Cartesian space is presented and an approach for specifying the natural 
stiffness of exoskeleton arm with PAM is created. Computer experiments are carried out using the 
dimensions of a real orthosis. Тabular and graphic examples of the actuator stiffness and joint 
stiffness modulation as well as examples of the end-effector compliance specification are 
presented. Results are derived when the stiffness is a function of structural parameters such as 
muscles number, pressure and contraction of the muscles, etc. 

 
D. Despotova, P. Kiriazov, St. Karastanev 
Institute of Mechanics – BAS, Bulgaria 
Efficient control of mechatronic systems in dynamic motion tasks 
Introduction. Robots and powered exoskeletons have often complex and non-linear 

dynamics due to friction, elasticity, and changing load. Parameters describing them are, in 
general, very difficult or impossible to estimate with the required accuracy. Therefore, to model, 
identify, and control such complex robotic systems is a challenging problem and one that has been 
addressed by many researchers. The proposed study addresses various-type robots that have to 
perform dynamic point-to-point motion tasks (PTPMT). The performance demands are for faster 
motion, higher positioning accuracy, and lower energy consumption. 

Methods. We propose a generic, model-free approach for control synthesis of various type 
robotic systems in PTPMT, [1]. Our procedure for iterative learning control (LC) has the following 
main steps: (1) choose a set of appropriate test control functions; (2) define the most relevant 
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input-output pairs; and (3) solve shooting equations and perform control parameter optimisation. 
Bisection algorithms are used to solve such systems of equations, as they are globally convergent 
and require minimum number of function evaluations, i.e. test movements. Moreover, according 
to several recent studies in biological cybernetics, the proposed LC scheme and its parameters are 
proved to be biologically plausible. 

Results. Using realistic mathematical models, our LC approach was applied to ballistic 
motion tasks like arm reaching, sit-to-stand-up, and performing steps. Correspondingly, we 
simulate them with two-, three-, and six- degrees-of-freedom dynamical models. In the computer 
simulation we verified that the learning of control parameters converges and the number of trials 
is very small indeed. In practice, experiments with rapid reaching movements of the arm confirm 
the feasibility and efficacy of the proposed LC approach as well. Special attention in our current 
research is devoted to the challenging problem of LC in the real, three-dimensional human 
locomotion. We can perform proper decomposition of this complex motion task into several goal-
directed movements and apply the proposed LC scheme for each of them. 

Conclusion. Our current research intention is to extend the proposed approach to meet the 
next challenge: optimal control synthesis of 3D humanoid locomotion to produce efficient and 
naturally looking walking. As the above proposed control concepts are biologically plausible, they 
could also be very useful in designing and controlling leg prostheses as well as in neuro-muscular 
rehabilitation of disabled people. 

REFERENCES 
K. Kiryazov and P. Kiriazov, Efficient learning approach for optimal control of human and robot 
motion, Emerging Trends in Mobile Robotics, Eds: H. Fujimoto, M O Tokhi, H. Mochiyama G S 
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D. Ignatova 
Institute of Mechanics – BAS, Bulgaria 
A methodology for optimal design of mechatronic systems 
Mechatronic systems need to be designed in an integrated method allowing designers from 

both electrical and mechanical engineering domains to receive automated feedback regarding 
design modifications throughout the design process. Integrated design of mechatronic systems 
have to be facilitated through the integration of mechanical and electrical computer-aided design 
(CAD) systems. 

Multi-criteria optimal designs have been proposed for example in (Ottaviano & Carbone of 
2003), (Hao & Merlet, 2005). The significance of each design criterion is often strongly related 
with specific application task(s) and constraints. The components of mechatronic systems are 
modelled as objects with attributes, and constraints between these attributes are identified and 
modelled. 

The design problem for manipulators consists in several phases. The first phase is the type 
synthesis. In this phase a designer should select the type of kinematic architecture that can 
provide the desired stiffness, mobility, force, efficiency, size. After the type synthesis one should 
perform a dimensional synthesis aiming to compute values of design parameters that characterize 
and size the kinematic structure of a manipulator. Several aspects can be considered in a design 
procedure at this stage in order to achieve suitable performance for the desired application tasks. 
Alternatives in formulating and choosing optimality criteria are always possible depending on the 
designer experience, design goals, and manipulator applications. Many different indices and/or 
their computations have been proposed in a rich literature on manipulators in order to provide a 
numerical value of the performance of a manipulator. Those indices can be used and they have 
been used with proper formulation as optimality criteria in specific algorithms for optimal design 
of specific manipulators. 

In this paper is made an analysis of the different constraints and a methodology for optimal 
design of mechatronic systems is presented. The presented methodology is demonstrated by an 
example of optimal design of a high-precision manipulator. 
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I. Jordanov, Vl. Kotev*, I. Ivanov, M. Ivanova 
Institute of Mechanics – BAS, Bulgaria 
A mathematical approach for control of a mobile robot based on its dynamics and image 
processing 
Nowadays, the interest to mobile and autonomous robotics has been increasing. A lot of 

research has been done on self-driving cars, mobile robots, image processing and vision control, 
simultaneous localization and mapping (SLAM), artificial intelligence as well as software and 
hardware development for control of these robots. This paper presents a mathematical framework 
for control of a 3-wheel mobile robot based on its kinematics. More in particular, the aim of the 
research is to develop algorithms for control of the 3 self-driven wheels of the robot when the 
robot turns on the left or on the right and moves up or down on a slope. This is necessary because 
the radius of the curvature changes and therefore we have to control each motor with a different 
angular speed. In order to avoid collision during its motion we use a camera and sensors for object 
recognition. An open source software for control of a mobile robot is developed. It could be used 
for educational purpose or other applications. We have tested the performance of the developed 
mathematical algorithms on a LEGO mobile robot equipped with a cell phone. 
Keywords: a mobile robot, kinematics, control, object recognition 
This work contains results, which are supported by the UNWE project for scientific researchers 
with grant agreement No. NID NI - 21/2016. 
 

J. Jotov, N. Zlatov 
Institute of Mechanics – BAS, Bulgaria 
Investigation of the development of telemanipuleting system in 6 D0F mobile robot 
In this article, the authors demonstrate the methodology and research of creating a 

telemanipulator simultaneous operating with a mobile robot with six degrees of freedom (6 DoF). 
Manipulators of this type can be used in conjunction with flying robots as fixed and rotary wing 
aircraft systems - helicopters, airplane, multirotors flying systems. Presented and analyzed are 
considerations for effective design of the mechanical construction of the mobile manipulation 
system. Kinematic and dynamic analysis was performed in a simulation environment. The 
possibilities of simultaneous control by the supervisor of the manipulative and flying system are 
presented. 

The main purpose of this article is to present a simple yet effective design method, kinematic 
and dynamic analysis remotely controlled manipulating system working in conjunction with a 
spatial mobile robot. 

 
R. Krastev 
Institute of Mechanics – BAS, Bulgaria 
Contact deformations 
In textbooks about strength and resistance of materials, absolute deformations of structural 

members are determined using models which are based on a few hypotheses, among which are a 
hypothesis for homogeneity of the material properties and the known Saint-Venant’s principle. 
Construction components, however, are real parts, i.e. they have not only material and volume, 
but they have also surfaces. A model of mechanical contact between two structural members is 
considered in the paper and furthermore, deformations near the contact zone are accepted as 
nonlinear, i.e. they do not comply with the homogeneity principle. Some techniques for 
experimental measurement of the size of these “non-homogeneous” deformations that appear 
near the contact zones are discussed in this report. This theory explains why and when the 
experimental mechanical diagrams (force-displacement and stress-strain) have a non-linear 
portion near the low loads. 

 
Ml. Milushev 
Technical University of Sofia, Bulgaria, Bulgaria 
Experience and implementation of robots-platforms in higher engineering education 
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This paper presents the specific experience of the FDIBA-TU Sofia in implementing mobile 
and stationary robots for educating engineering students in the BSc-. and MSc.-degree-courses. 
Generally, these robots can be classified in three groups: set-platforms; basic platforms and task-
oriented platforms. 

Explained is the application process of a stationary SCARA-type training robot by using 
widespread hard- and software modules. Featured are also planned and executed tests with 
mobile platforms using suitable combinations of conventional, mecanum as well as omni-
direction wheels, electric drives, paths and velocities with preset trajectories and motion speeds. 
The offered paper emphasizes on the efficient energy use allowed by mobile platforms. 

Analyzed are the experimental results with the subsequent conclusions concerning the 
efficiency/application areas which are also shared. The developed stationary and mobile 
platforms are suitable for application in a wide range of experimental work and lab training 
exercises. 

 
A. Naganawa1, E. Abadjieva1 2, Y. Ueno, K. Komatsu, H. Ito, V. Abadjiev2 
1 Graduate School of Engineering Science, Akita University, Japan 
2 Institute of Mechanics – BAS, Bulgaria 
Development of ultrasonic motors which combine a piezoelectric element with a curve-
shaped metallic plate 
Ultrasonic motors are actuators, which have stator that vibrates at an ultrasonic velocity 

and use friction between the stator and the rotor. The first ultrasonic motor, applied in practice, 
is a rotational traveling-type ultrasonic motor, made in Japan in 1986. Thereafter, motors with 
various driving principles have been developed. The ultrasonic motors have a lot of special 
features, such as: high torque at low velocity, high torque per unit weight and etc. They can be 
used autonomous in driving, without being assembled with mechanical system of reductions. 
However, it is difficult to reduce their body-size and it is not possible to be incorporated into lot 
of precision devices. 

An ultrasonic motor, which combines a piezoelectric element with a metallic plate, is created 
by the authors. Characteristics of this motor are simple structure and possibility to expand the 
displacement of the piezoelectric element. As a result, the rotational velocity is bigger than the 
driving with the conventional motors, and its expansion gives a possibility to reduce the body-size 
of the motor, since it is possible to incorporate a small size PZT. For this reason, the study is 
focused on ultrasonic motor with a flat-type metallic plate. 

In this sudy, an ultrasonic motor having a curve-shaped metallic plate is introduced. The 
reason for change of the metallic plate shape from flat into to the curve ones is that the 
displacement expansion ratio will increase. The stator has a piezoelectric element and a curve-
shaped metallic plate in series. When a driving signal is input into the piezoelectric element, the 
voltage causes a stretch of the piezoelectric element into longitudinal direction. The extension 
pushes the metallic plate, which results in bending of the metallic plate. The result of this is that 
the plate obtains an oblique  shape. But using the ratio between the stretching displacement of 
the piezoelectric element and the oblique direction displacement of the metallic plate, is obtained 
the incensement of rotation velocity. In the previous article, experimental results of the concrete 
radius (r5) type curve-shaped metallic plate were shown. 

In this work, the results of the realized driving of the type with curve-shaped metallic plate 
having radius (r18) are compared with the corresponding results of the ultrasonic motor having a 
conventional stators (flat-type, r5 type). In the future studies, an application into precision 
devices that combines the new ultrasonic motor with the power transmission mechanism will be 
discussed. 

 
N. Pavlov 
Technical University of Sofia, Bulgaria 
Study on ride comfort of a compact wheeled tractor with front-end loader on pneumatic 
suspension 
This research work studies the potential to improve ride comfort and road holding of a 

compact wheeled tractor equipped with front-end loader. Based on the theory of dynamic 
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vibration absorbers, a multibody dynamic model of a wheeled tractor-front-end loader system is 
created. This model includes the sprung and the unsprung masses of the tractor and elastic 
suspended front-end loader. In this way the front-end loader can oscillates around its cylindrical 
joints. The system work on the principle of dynamic absorbers - at a frequency equal to or close 
to natural angular oscillations on the tractor, the tractor body will stay relatively stationary around 
the lateral axis, due to the fact that the loader will oscillate in the opposite direction on the 
pneumatic elastic suspension. It will improve the ride comfort and tire-road contact of the wheel 
loader. Finally, the multibody model is verified by comparing the calculated results with the 
proving ground test results. 

 
V. Penev, G. Rowlands, G. Georgiev 
Institute of Mechanics – BAS, Bulgaria 
Novel approach for multi-layered and redundant AHRS in spin stabilized munition 
Spin-stabilization is the method of stabilizing a projectile or smart munition by means of 

spin. Spin stabilization allows development of low cost smart munitions. Basically two problems 
should be solved, measurement of stabilizing angular velocity (roll angular velocity) and the 
computing of attitude of the vehicle. Constant roll rate, used for vehicle stabilization, creates 
additional accelerations and angular velocities, which are measured by the IMU (Inertial 
Measurement Unit). In the article, a novel approach is proposed to determine in a more precise 
and stable way the attitude and quadratic representation of angular velocity with a combination 
of redundant gyro-free and regular gyros- accelerometers- magnetometers configuration IMU. 
This work presents two configurations of sensors for solving inverse kinematics. The redundant 
accelerometer array and regular velocity gyro IMU are used as a sensing element of the proposed 
approach. 

 
M. Tsveov, P. Venev, D. Chakarov, I. Veneva 
Institute of Mechanics – BAS, Bulgaria 
Simulations and experimental evaluation of an active orthosis for interaction in virtual 
environments 
In this work, the development of a human arm active orthosis is presented. The orthosis is 

designed primarily for training and rehabilitation in virtual environments. The orthosis system is 
intended for embodiment in virtual reality where it is allowing human to perceive forces at 
different body parts or the weight of lifted objects. In the paper the choice of a mechanical 
structure is shown equivalent to the structure of the human arm. A mechanical model of the 
orthosis arm as haptic device is built, where kinematic and dynamic parameters are evaluated. 
Impedance control scheme is selected as the most suitable for force refection at the hand or arm. 
An open-loop impedance controller is presented in the paper. Computer experiments are carried 
out using the dimensions of a real arm orthosis. Computer experiments have been carried out to 
provide force reflection by VR, according to virtual scenario. The conducted simulations show the 
range of the forces, orthosis can provide on the operator hand. The results of additional 
measurements and experimental evaluations of physical quantities in the interaction in a virtual 
environment are revealed in the paper. 

 
K. Yovchev 
Sofia University, Bulgaria 
Finding the optimal parameters for robotic manipulator applications of the bounded error 
algorithm for iterative learning control 
This paper continues previous research of the Bounded Error Algorithm (BEA) for Iterative 

Learning Control (ILC) and its application into the control of robotic manipulators. It focuses on 
investigation of the influence of the parameters of BEA over the convergence rate of the ILC 
process. This is done first through a computer simulation. This simulation suggests optimal values 
for the parameters. Afterwards, the estimated results are validated on a physical robotic 
manipulator arm. Also, this is one of the first reports of applying BEA into robots control. 
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E. Zahariev 
Institute of Mechanics – BAS, Bulgaria 
Dynamics of mechatronic multibody systems 
Recently the multibody system methodology experienced huge progress including real time 

simulation, contact and impact problems, extension to electronics and mechatronics, dynamic 
strength analysis, optimization of design and control devices, integration codes in particular for 
differential algebraic systems, challenging applications in biomechanics, robotics and vehicle 
dynamics, and etc. Multibody dynamics is an excellent foundation for multivariable vibration 
analysis and sophisticated control design. The natural relations between the motion behavior of 
the mechanical systems with the sensors and the control devices make the mechatronic systems 
a basic subject for the multibody system methodology. The precise analysis, simulation and 
planning of the system motion could be done deriving the dynamic equations including the 
control inputs and the information coming from the sensors. Obviously, the higher level of the 
mechatronic devices is the intelligent multibody systems, which include all the characteristics of 
the mechatronics, as well as, the precise dynamics simulation and motion planning and control. 

Example of such mechatronic (intelligent) multibody systems are autonomous vehicles, 
space structures, structures imposed on external and seismic excitations, large flexible structures 
and wind generators. Their analysis and design requires up-to-date methods for dynamics 
simulation, novel methods for numerical solution of ODE and DAE, real time simulation, passive, 
semi-passive and active control algorithms taking into account the control system and the 
feedback information. 

In the paper a method of finite elements in absolute coordinates of modified finite elements 
is applied for dynamic simulation of flexible multibody systems taking into account the control 
inputs and the influence of the external excitations. . External excitations as wave propagation 
and earthquakes are subjects of the investigations. No kinematic restrictions, respectively 
algebraic equations, are imposed to the dynamic equations and the dynamic model is presented 
as ODE. Generalized Newton – Euler dynamic equations for rigid and flexible bodies are applied 
for precise definition of the velocity dependent inertia forces. Wave propagations and seismic 
excitation are taken into account. Examples of large spatial and flexible deflections structures with 
passive damping on the basined are presented. 

 
MS03 Scientific Session Organized by the Bulgarian Section of GAMM 
 

1. A. Baltov, A. Yanakieva 
Institute of Mechanics – BAS, Bulgaria 
Theoretical-experimental method of multilevel material modeling 
Modern mechano-mathematical models of materials are multilevel ones combining macro- 

meso- and micro-level models. A major problem however is how to present a clear link between 
the levels. Moreover, structural models should be well verified, reflecting material behavior at 
meso-level and its microstructure. 

Hence, we propose a theoretical-experimental approach to multilevel modeling, which we 
apply to discs operating under plane stress. 

The approach comprises the following stages: 
I stage: Identify a system of characteristic points on the disc surface. Employing an appropriate 
optical method, find point displacements using time steps in the course of deformation 
development. 
II stage: Based on displacement development in time, find rationally the variation of strain tensor 
components using deformations along directions the main point and the points of its vicinity. 
III stage: Define a meso-representative element in the disc plane as an ellipse connected with the 
principal deformations at the considered point. 
IV stage: Based on grinds, define systems of characteristic structural elements in the meso-
representative ellipses. 
V stage: Averaging the structural systems at meso-level, define macro-parameters involving 
material deformation parameters. 
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VI stage: Find macro material deformation parameters on the basis of an appropriate 
construction of micro-representative elements and calculate their stressed-strained state 
applying representative loading. 

A test example is give in order to illustrate the approach. 
 
S. Cherneva*, D. Guergova, E. Stoyanova, R. Iankov*, D. Stoychev 
*Institute of Mechanics – BAS, Bulgaria 
Study of the mechanical properties of single-layer and multi-layer metallic coatings with 
protective-decorative applications 
Single thin coating of matt nickel (Nimat), a mirror bright copper (Cubright), a mirror  bright 

nickel (Nibright) and their combinations were electrochemically deposited on brass substrate. The 
basic aim was production of two-layer Nimat/Cubrightand Cubright/Nibright systems, and three-layer 
Nimat/Cubright/Nibrightsystem, which are among the most widely applied protective and decorative 
metal coatings/systems in light and medium operating conditions and corrosion. The thicknesses 
of the obtained films varied from 1 µm to 3.25 µm and the thickness of the substrate was 500 µm. 
They were investigated by means of nanoindentation experiments, in order to characterize some 
of their basic physical and mechanical characteristics, related to guaranteeing their good adhesion 
and corrosion protection ability and in terms of securing the integrity of the system "protective 
coating/substrate” to possible mechanical, dynamic and/or thermal stresses. As a result, load-
displacement curves were obtained and two mechanical characteristics of the substrate and 
investigated coatings - indentation hardness and indentation modulus - were calculated using the 
Oliver & Pharr approximation method. The dependence of the indentation modulus and the 
indentation hardness on the depth of the indentation, surface morphology and structure of the 
obtained coatings, their texture and surface roughness were investigated as well. The obtained 
results showed that the three-layer Niimat/Cubright /Nibright/CuZn37 system has the best physisco-
mechanical properties, following by two-layer Cubright/Nibright system and single layer coatings. 

Supporting Agency: National Science Fund of Bulgaria under the project T02-22/2014. 
 
J. Ivanova, V. Valeva 
Institute of Mechanics – BAS, Bulgaria 
Shear stress behavior of bi-material structure with interface defect 
Adhesive joints are increasingly being used in composite structures due to their improved 

mechanical performance and a better understanding of the mechanics of failure. Such smart 
structures are applied in the realms of aeronautical, civil and mechanical engineering to join 
components of different materials to achieve an optimized design. 

In the present paper the bi-material structure with an interface defect under time harmonic 
load is studied. Special attention is paid for the contact conditions at the both ends of the II mode 
crack along the interface. The behaviour of the interface shear stress is examined on the base of 
the closed form solutions for axial displacements of the considered structure. The method used is 
modified shear lag method. The numerical example for a given mechanical, electrical load as well 
as temperature and moisture are illustrated in figures and discussed. Some recommendations are 
proposed. 

 
V. Jivkov1, E. Zahariev2 
1 Technical University – Sofia, Bulgaria 
2Institute of Mechanics – BAS, Bulgaria 
Natural frequencies of cantilever beam in centrifugal internal field  
In the advanced mechanical science the well know fact is that the gravity influence on the 

natural frequencies and modes even for the vertical structures and pillars [1]. But the condition 
that should be fulfilled in order for the gravity to be taken into account is connected with the ration 
between the gravity value and the geometrical cross section inertia. The gravity is related to the 
earth acceleration but for moving structures there exist many other acceleration exaggerated 
forces and such are forces caused by the centrifugal accelerations. Large rotating structures as 
wind power generators, chopper wings, large antennas and radars, unfolding space structures and 
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many others are such examples. It is expected that acceleration based forces influence on the 
structure modal and frequency properties, which is subject on the present investigations. 

In the paper rotating beams are subject to investigations and modal and frequency analysis 
is carried out. Analytical dependences for the natural resonances are derived and their 
dependences on the angular velocity and centrifugal accelerations are derived. Several examples 
of large rotating beams with different orientations of the rotating shaft are presented. Numerical 
experiments are conducted. Time histories of the beam tip deflections that depict the beam 
oscillations are presented. 

REFERENCES 
[1] S. S. Rao (2011) Mechanical Vibrations, 5-th edition, Prentice Hall. 

 
K. Kazakov, A. Handruleva, I. Stoynova, Vl. Matuski 
University of Structural Engineering & Architecture, Bulgaria 
On providing a comfortable environment in existing public buildings and implementation 
of energy efficiency 
Reason for energy use in buildings is the need for comfort, hygiene, computers work and 

office equipment and operation of internal building basic systems. In modern conditions of 
chronic energy shortage, however, the design strategy for achieving full comfort homogeneity of 
the whole building looks like a superfluous luxury. This gives grounds zones within a building be 
classified by mode of living. The buildings themselves considered qualitatively constructed and 
operated, if maintaining a healthy regime in them is done the lowest energy consumption and 
community service. The role of good design lies in finding such design solutions where hostile 
environmental impact can be mitigated to the extent possible and created an internal 
environment that energizes and relaxes its inhabitants. In this regard need to know which of the 
many parameters of the state of the environment are tangible for people and their influence on 
the feeling of comfort and discomfort. 

 
D. Kisliakov 
University of Architecture, Civil Engineering and Geodesy, Bulgaria 
Water hammer in a multiple-supported penstock and earthquake-induced support 
excitation – coupled analysis of the axial load case 
As a result of strong earthquakes, large hydropower plants are usually automatically shut 

down completely. This causes of course, the development of hydraulic transients in the supplying 
penstock(s). It is well known that the seismic response of buried penstocks is dominated by the 
developing ground displacements of the surrounding soil. The dynamic response of the multiple-
supported penstocks, however, contains inertial effects which may not be neglected. The hydraulic 
transients in the hydropower penstocks have been intensively studied for all possible real 
operational and boundary conditions in the last few decades. As a result, highly sophisticated 
computational procedures have been developed and are available for the design of these facilities. 

On the other hand, the problem of the earthquake-induced vibrations of a multiple-
supported penstock on frictional stiff supports or support columns subjected to the simultaneous 
excitation of all three ground motion components was analysed in a series of works of the author 
in the last two decades. The structural model and the governing equations of motion of the 
considered pipeline part were discussed as well as their numerical solution based on appropriate 
approximations for all common types of support structures. The dynamic interaction between the 
vibrating pipe and the flowing water inside it was also modelled by means of a special method 
developed by the author. Results from solved numerical examples with real structural data sets 
were discussed with corresponding conclusions drawn. As a result, the complete analysis 
procedure in the time domain was implemented in the ready-to-run computer program 
DREAMSuP. 

To our knowledge however, there are only few works dedicated to the simultaneous 
development of both physical phenomena – the water hammer in the penstock and the 
earthquake-induced kinematic excitation of its support devices. These studies were developed in 
connection with very special tasks formulated either as fundamental problems or as ones arising 
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from particular operation conditions in nuclear power plant piping systems. They all cannot be 
applied directly to the above mentioned operational conditions of a water power plant. 

In connection with these actual physical phenomena developing in a hydropower 
penstock, in the present work we consider the model of the most simple case – the simultaneous 
development of a water hammer and the axial seismic support excitation of the penstock. The 
water hammer is modelled in a simple penstock with the appropriate boundary conditions 
without taking into account the fluid-structure interaction, i.e. the so-called precursor wave. The 
numerical solution is carried out by means of the Method of characteristics (MOC). The axial 
dynamic structural response of the multiple-supported penstock is performed with the previously 
developed by the author above mentioned computational procedure. Since the material behaviour 
of the steel penstock is assumed in the linear-elastic range, superposition of the developed stress-
strain conditions resulting from both impacts is justified. The results in terms of the cumulative 
stress-strain state of the penstock are discussed further as base for assessment of its structural 
capacity. 

A numerical example with real penstock data is solved as implementation of the proposed 
computational procedure for particular boundary conditions and excitation parameters. Finally, 
conclusions are drawn, and some tasks for future research are formulated, too. 

 
G. N. Nikolova, A. Yanakieva 
Institute of Mechanics – BAS, Bulgaria 
Determination of the SIF and ERR in a cracked bi-material elements using FEM, LEFM 
energy approach and analytical calculations 
Recycled Polyester and Polymer Concretes containing recycled concrete components and 

non-saturated polymer or polyester resins fabricated from recycled plastics waist are new energy-
saving high-strength structural materials. The incorporation of polymer/polyester waists in 
concrete is a good solution to the preservation of environment and storage of natural resources. 
Apart from being conventionally designed construction materials, they are used as ecologically 
safe and energy-saving composites in agreement with the requirements of the global environment 
protection. 

The present work focuses on the study of recycled polymer/polyester concrete (pursuant to 
the European Directive for Nearly Zero Energy Buildings (NZEBs)) and more specifically – on the 
determination of the Stress Intensity Factor (SIF) and Energy Release Rate (ERR) in cracked bi-
material structural elements, fabricated from recycled polymer/polyester and concrete. Stress 
and strain distribution in specific structural elements is studied numerically and analytically 
using the Finite Element Method (FEM) by ANSYS code, Energy Approach of the Fracture 
Mechanics, methods of the Linear Elastic Fracture Mechanics (LEFM) and employing the J-
integral techniques. 

Different SIF and ERR values are calculated for different initial crack lengths and external 
loads. Critical crack dimensions and displacements are also found applying subsequent critical 
loads. 

The material properties have been taken from literature where results of in situ experiments 
have been published. The FEM results are found using the ANSYS code. They are compared to 
and verified by the results obtained employing a LEFM energy approach and analytical method, 
establishing very good agreement. Relations between the applied external load, crack length, SIF 
and ERR for specific structural configurations are presented. 

 
L. Parashkevova 
Institute of Mechanics – BAS, Bulgaria 
Some considerations on modelling and homogenization of muliphase light alloys 
The modelling strategies aimed to access the thermo-mechanical behavior of the up-to date 

light and superlight alloys should take into account characteristics of each particular 
manufacturing technology. In the present study the light alloys are regarded as multiphase 
composite materials for which the content of non-base metal phase is predominant. Some 
classical homogenization schemes are modified and further developed in order to correspond to 
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the as-cast microstructure. Numerical examples for elastic-plastic properties of a close cell foam 
alloy are presented and discussed. 

 
E. D. Popova 
Institute of Mathematics and Informatics – BAS, Bulgaria 
Recent improvements in interval finite element methods for structures 
Interval finite element methods (IFEM) name methods developed to handle finite element 

models where the uncertain parameters are described by given numerical intervals, and thus 
providing a worst-case analysis of models in structural mechanics. The goal is to find as sharp as 
possible interval bounds for the unknown system response. A variety of solution techniques have 
been developed and applied to uncertainty models in structural mechanics, where complicated 
parameter dependencies cause overestimation of the solution set. For a review see, e.g., [1]. 
In this talk we will present some interval methods, developed recently, that allow obtaining very 
sharp and realistic bounds for the unknown system response of classes IFE models in a reasonable 
computing time. 

REFERENCES 
[1] Rama Rao, M.V., Mullen, R.L., Muhanna, R.L. (2011) A new interval finite element formulation 
with the same accuracy in primary and derived variables, International Journal of Reliability and 
Safety, 5(3-4):336-357. 

 
I. Stoynova, K. Kazakov 
University of Structural Engineering & Architecture, Bulgaria 
Modeling the behavior of RC connections subject to dynamic harmonic excitations 

To study the response of reinforced concrete connections in dynamic harmonic analysis 
computing model with ANSYS software is modeling. Concrete slab is discretized by SOLID 65 
finite element. Reinforcement bars is discretized by BEAM188 finite element. Interaction between 
RC and reinforcement bars is modeled. For the study of the dynamic response of the concrete 
connections under the influence of the time-varying loads used Transient or Time-history 
analysis. 

 
MS04 Biofluids Modelling Numerical Simulations and Application in Medicine 
 
Y. H. Choi*, H.-H. Kim, S. B. Lee, Y. Baba, K.-W. Kim, S.-H. Suh 
*Department of Radiology, Seoul National University Boramae Hospital, Korea 
Numerical analysis of urine flow in a stented ureter using various sizes of double J stents 
The ureter is a way for urine to flow from the kidney to the bladder. A double J stent is 

inserted in a ureteral stenosis or occlusion due to various ureteral diseases. Here, we investigated 
urine flow in the stenosed ureter with various sizes of double J stents. Two ureter models (4.57 
mm diameter and 5.39 mm diameter) with ureteral stenosis (0, 33, 52, 74%) were combined with 
four different sizes of double J stents (5, 6, 7, 8Fr) for numerical analysis. A double J stent 
consisted of proximal and distal coils in the ends and a shaft in the mid. There were multiple side 
holes in the coils and shaft. Side holes in the shaft were made in two different ways, 1cm interval 
with 90° angular rotation or 0.5cm interval with 90° angular rotation. Total flow rate, sum of 
extraluminal and luminal flow rates, in the ureters with a 5Fr double J stent was bigger than that 
in the ureters with the other sizes of double J stents. Total flow rate decreased with the increase 
in size of a stent. Although the placement of a bigger stent in the stenosed ureter seems to result 
in higher total flow rate, it caused lower total flow rate. In contrast, the insertion of a smaller stent 
resulted in higher total flow rate which was from higher extraluminal flow rate. 

 
E. Feoktistova, M. Osipenko, M. Kuyukina, E. Rubtsova 
Perm National Research Polytechnic University, Russia 
Modeling of formation and destruction of bacterial clusters in the water-bacteria-
hydrocarbon system 
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A number of mathematical models describing the bacterial film at the interfacial area are 
considered. The deterministic and probabilistic models for the unstable behavior of bacteria of 
the genus Rhodococcus are proposed, as well as a model for the formation of a film of bacteria of 
the genus Rhodococcus at the interface between a cell suspension and a liquid hydrocarbon. In 
the proposed mathematical model, the peculiar time dependence of the interfacial tension is 
explained by the avalanche-like development of a single cluster of cells, which in the absence of 
measurements would lead to a jump decreasing the interfacial tension, and in the presence of the 
measuring ring leads to random oscillations of tension due to the random interaction of the ring 
with the bacterial film. The further improvement of these models consists in the specifying of 
probabilistic parameters of the process. The models were constructed to explain the experimental 
data obtained at the Institute of Ecology and Genetics of Microorganisms (the Ural Branch of the 
Russian Academy of Sciences). 

 
M. Kamaltdinov*, P. Trusov, N. Zaitseva 
*Federal Budget Scientific Institution, “Federal Scientific Center for Medical and Preventive 
Health Risk Management Technologies”, Russia 
A multiphase flow in the antroduodenum: some results of the mathematical modelling and 
computational simulation 
This work is devoted to a problem of creation of a multiphase flow model in an 

antroduodenum. The antroduodenum is a section of the gastrointestinal tract that includes the 
lower part of the stomach and the upper part of the small intestine (duodenum). The 
mathematical model is developed for the next purposes: description of the process of digestion in 
a normal physiological state and with functional disorders, prediction of the flow characteristics 
in the distinct conditions. The antroduodenum is considered as a complex form canal with the 
moving boundaries. To describe the secretion and absorption processes we use mass sources in a 
layer adjacent to the tract wall. Also model describes interphase mass exchange due to 
biochemical reactions and food dissolution. 

The first phase is a multicomponent liquid with components dissolved at the molecular 
level: water, hydrochloric acid, sodium bicarbonate, the reaction product with hydrochloric acid 
and sodium bicarbonate (carbon dioxide and sodium chloride), dissolved proteins, fats, 
carbohydrates, chemicals, polypeptides, and pepsin. Food particles of different sizes are 
considered as separate liquid phases and dissolved under the action of hydrochloride acid. 
Besides, the model takes into consideration an acid neutralization reaction with sodium hydrogen 
carbonate and enzymatic reaction of pepsin and protein. The mathematical statement of the 
problem includes mass and momentum conservation equations for the phases and components 
as well as initial and boundary conditions with peristaltic movement. 

As a result of an ultrasonic study, stomach images were obtained and analyzed. The 
reconstruction algorithm of three-dimensional area is based on approximation of a real 
geometrical shape by a finite number of ellipses. It seems advisable to divide the whole boundary 
of the simulation domain into several parts, due to functional and geometrical features. Each 
division of a tract wall owns its functionality. Functionality is expressed with a quantitative 
decrease measure of secretory, motor or absorption function of the tract. We describe motor 
disorders as the amplitude reduction of the peristaltic wave. The secretion and absorption 
functional disorders are described by reduction of the mass sources. Dynamic reconstruction of 
the computational grid during peristaltic activity is carried out with Fluent solver using the script 
in C programming language. 

Using computational simulation we got the digestion processes characteristics in the 
dynamic: pH of the medium, components and phases velocities and fractions. We identified zones 
of abnormal acidity in some scenarios with secretory and motor disorders. The results of the 
simulation showed that motor functionality of the pyloric sphincter affect the stomach evacuation. 
Additionally, the chemical absorption rate is analyzed in scenarios with distinct food parameters 
(size, viscosity, density). 

The study was funded by RFBR according to the research project № 16-01-00126 A. 
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Al. G. Kuchumov 
Perm National Research Polytechnic University, Russia 
Biomechanical modelling of bile flow in the biliary system 

The biliary system is responsible for bile producing, storing and transport to the duodenum in 
order to emulgate fats. The biliary system consists of the biliary tree, gallbladder and major 
duodenal papilla. Soft tissues compliance plays important role in the bio-fluids transport. 
Particularly, bile flow disturbances due to bile duct wall motor function changes in the extra-
hepatic ducts, from medicine point of view are called dyscinesia of biliary tract. Fluid motion in 
the elastic and compliant ducts can be described by different models (for example, Windkessel 
model, peristaltic fluid motion, fluid–structure interaction algorithm).Our approach is 
decomposition of the biliary system into three compartments (extra-hepatic biliary tree, 
gallbladder, major duodenal papilla).Bile flow in the extra-hepatic ducts is simulated using FSI 
algorithm. Bile flow in the gallbladder can be described as flow in the reservoir with compliant 
ducts using Windkessel model. Bile flow in the major duodenal papilla is considered as peristaltic 
fluid motion, because the wall contraction is really important factor of fluid motion in that 
segment. The coupling of these compartments is performed by boundary conditions. The biliary 
system geometry was obtained using MRI patient-specific data. Bile rheology and bile duct wall 
mechanical properties were previously investigated. It was confirmed that normal bile can be 
modeled as Newtonian fluid and lithogenic bile can be modeled as non-Newtonian fluid (Carreau 
fluid). Bile ducts were modeled as hyperelastic material (Mooney-Rivlin hyperelastic model). The 
constitutive parameters were obtained from performed inflation tests on the real ducts extracted 
from a cadaver. 
• Bile flow in the gallbladderWe used a modified Windkessel model to evaluate bile flow in the 
patient-specific gallbladder model. Using ultrasound data we can evaluate Windkessel model 
parameters for the patient and non-invasively determine pressure changes on time during the 
gallbladder refilling and emptying. The pressure on time dependence is applied as a boundary 
condition when we investigate bile flow in the biliary tree. 
• Bile flow in the biliary treeWe considered 4 cases: healthy bile flow (considered as Newtonian 
fluid), lithogenic bile (considered as non-Newtonian fluid (Carreau fluid)) flow, lithogenic bile 
flow in the case of gallstone presence; bile flow after cholecystectomy (the gallbladder removal). 
The velocity and pressure distributions during the gallbladder emptying were presented. 
Velocities were found to have lower magnitude in the case of lithogenic bile, but the pressures are 
higher in this case. Stress state of bile ducts was also evaluated. It was shown that von Mises stress 
distribution is located in the cystic duct and hepatic ducts mostly; whereas, the shear stress 
distribution is mostly prevailing in the common hepatic duct. It is believed that duct wall shear 
stress can be considered as indicator of gallstones formation and von Mises stress is related to 
biliary pain. The developed model can be applied in the medical practice to evaluate the 
circumstances of surgical interventions.  
• Bile flow in the major duodenal papilla Choledochopancreatic reflux (i.е. the flow of the 
gallbladder bile coming out the common bile duct into the pancreatic duct instead of the 
duodenum) is known to be one of the reasons of the pancreatitis (inflammation of the pancreas). 
Understanding of the reasons of the reflux from physiological, hydrodynamic, biomechanical 
points of view is still a challenging task. The current paper aims at developing mathematical model 
of the peristaltic bile transport flow through the duct at papillary stenosis as a tapered finite-
length tube. It allows evaluating velocities and pressure distribution along the tube, and detecting 
choledochopancreatic reflux occurrence conditions. Adopting the perturbation method, the 
analytical solutions for velocities and pressures are obtained. Pressure distribution versus axial 
coordinate at different time instants are plotted for various values of Weissenberg number and 
amplitude ratio. It revealed that the amplitude ratio has more effect on the pressure distribution 
along the tube compared to the Weissenberg number. The values of the pressure gradient 
corresponding to reflux occurring are obtained. Moreover, it is reported that the pressure drop 
value corresponding to average flow rate equal to zero may serve as reflux occurrence criterion. 
The reported study was funded by RFBR according to the research project № 16-08-00718 А. 
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E. Kutuzova*, F. Tazyukov 
*Kazan National Research Technological University, Russia 
Blood flow in branching element of circulatory system 
At the present study the blood flow as non-Newtonian viscoelastic fluid in branched vessels 

is performed. The complex composition, namely components interaction, is responsible for non-
linear effects. Such behaviour is a symmetry loss of blood flow through a symmetrical branching 
element of the circulatory system. To determine the influence of blood properties on the emerging 
picture the rheological FENE-P model is chosen. The symmetry loss effect arises at certain value 
of governing parameters regardless of flow direction. The governing model parameters of FENE-
P model are the Weissenberg number We, the macromolecule’s stretch ration L2, retardation 
coefficient β. At this paper, the blood flow is considering at various model’s parameters such as 
We and L2 numbers and fixed Reynolds number (Re=0.01). 

 
M. Shmurak 
Perm National Research Polytechnic University, Russia 
Modelling of bottle feeding of infants by the breast milk and baby food 
Feeding in infants determines forming of the dentofacial system as a whole and its main 

functions in the response to loading of the masticatory system. It is established experimentally 
that the artificial feeding is different from the breast-feeding, because of lack of functional loads 
on the dentofacial system. Modelling of the artificial feeding process may allow us to get the 
parameters of the commercial nipple to provide an average flow rate compared with natural 
breast-feeding. This paper is devoted to simulation of the feeding process. Firstly, it is necessary 
to study a rheology of the feeding mixtures, apple-carrot juice, and kefir in comparison with breast 
milk and cow milk. It was found that all the foodstuff could be described as a Newtonian fluid, 
whereas the kefir and apple-carrot juice exhibited strong non-Newtonian properties at small 
shear rates. All the properties were put in the computational model. After that the numerical 
simulation of bottle-feeding was performed. On the basis of solution optimization problem was 
also solved using Nelder-Mead method to find a parameters of the bottle nipple in order to get a 
similar flow rate in the comparison with breast feeding. 

 
MS05 Computational Modeling of Arterial Aneurysms in Humans 
 
M. Antonova1, S. Antonova2, L. Shikova, M. Kaneva, T. Zahariev2, S. Stoytchev3 
1 Institute of Neurobiology - BAS, Bulgaria  

2 St Ekaterina University Hospital Sofia, Bulgaria 
3 Institute of Mechanics – BAS, Bulgaria 
Abdominal aorta aneurysm – a review on material properties from uniaxial studies 
The arterial aneurysm is a very impact disease because of high morbidity and mortality. An 

aneurysm is defined as a local dilation of the artery that exceeds its usual diameter by at least 
50%. In our project “Mathematical modelling and clinical investigation of arterial aneurysms in 
human”, we are considering problems about development of realistic computer models of 
abdominal aorta aneurysm (AAA) at applying experimental data for the mechanical 
characteristics of human aneurysmal wall like stress-strain relationship, yield stress and strain 
etc. The present review aims to describe AAA development and treatment and to examine various 
studies of AAA with uniaxial experiments comparing their results. Articles publicized between 
1994 and 2016 are considered in which the aneurysmal wall has been assumed as isotropic, or 
orthotropic, or anisotropic. In the cited studies as well as by our experiments, the purpose was to 
obtain the stress-strain characteristics and the failure stress and strain, serving for identification 
of various forms of the strain-energy function, which describes the mechanical behavior of the 
aneurysmal tissue. The preparation condition, the experimental protocol, the maximal, and yield 
stress and strain are compared. The analysis evidences that the experimental conditions and the 
results are quite different in view of: geometrical dimensions of preparations (2x20 - 25x70 mm), 
number of preparations investigated (7-164), strain rate (0.1 mm/min – 12 mm/min), failure 
stress (0.08 MPa – 3.2 MPa), failure stretch ratio 1.18 – 1.6, and failure strain 3.6 – 12 mm. The 
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general conclusion is that the aneurysmal wall could be assumed with an acceptable error as 
isotropic tissue in order to facilitate the experiment and modelling. 

Acknowledgement: This work has been partially supported by the grant DFNI-I-02/3 with 
the National Science Fund (Bulgaria). 
 

I. Georgiev 
Institute of Information and Communication Technologies – BAS, Bulgaria 
Blood flow simulations based on medical image data  
Aneurysms are dilations of arterial walls that can grow over time and, in case of rupture 

leads to dangerous hemorrhage. Numerical simulations of the blood flow and the interaction with 
the surrounding vessel tissue enables the physicians to estimate rupture risks by calculating the 
distribution of blood pressure, velocity and wall stresses in the aneurysm, in order to support the 
planning of clinical interventions. For the numerical simulation, the computational domain is 
extracted from medical CT image data. The blood is modeled as an incompressible Newtonian 
fluid, and the surrounding vessel wall as an isotropic linear elastic material. Both the Navier-
Stokes equations for the fluid domain and the Navier-Lame equations for the solid domain are 
handled with a finite element method, and the resulting linear equation systems are solved via 
algebraic multigrid algorithm.  

Acknowledgements: This work has been partially supported by the grant DFNI-I-02/3 with 
the National Science Fund (Bulgaria). 
 

E. Goranova 
Vascular surgeon, Independent researcher, Bulgaria  
Biomedical assessment of abnormal aortic aneurisms rupture risk  

The abdominal aortic aneurysm (AAA) is an excessive dilatation of the infrarenal part of the 
aorta due to local weakening of the arterial wall. In many cases, its rupture leads to massive 
bleeding, which brings patients to lethal outcome. Contemporary clinical practice recognizes the 
maximal diameter of the aneurismal sac, bigger than 55 mm, as a basic criterion to assess the AAA 
rupture risk as being high. However, autopsy studies have shown that this threshold diameter 
value cannot be taken as a reliable predictor for the rupture risk in all cases. Recent scientific 
investigations have indicated, that the AAA rupture risk depends also considerably on additional 
geometric and biomechanical factors, such as the individual geometry of AAA, the specific 
material properties of the aortic wall, and the intraluminal thrombus (ILT) (if it is located in the 
aneurismal sac). 

This is a retrospective study on 82 AAA patients’ data from Computer Tomographic 
Angiography images, observed during a three-year period. We have applied VASCOPS - a Finite 
Element Analysis (FEA)-based software to calculate the individual biomechanical properties of 
AAAs such as the Peak Wall Stress (PWS) and the Peak Wall Rupture Index (PWRI) for each 
patient, taking into account the real aneurysm geometry. Data from calculated biomechanical 
characteristics are further processed and analyzed. They are compared with the same patients’ 
data related to their individual maximal aneurysm diameters. The comparison demonstrates that 
PWRI, calculated by VASCOPS is more precise predictor for AAA rupture than the maximal 
aneurysm diameter. 

 
E. Nikolova 
Institute of Mechanics – BAS, Bulgaria 
On nonlinear pressure waves in a blood-filled artery with an aneurysm 
In this study we derive an evolution equation for propagation of nonlinear pressure waves 

in a blood-filled artery with a local dilatation (an idealized aneurysm) in a long–wave 
approximation. The equation is a version of the Korteweg-deVries equation with variable 
coefficients. Exact travelling-wave solution of this equation is obtained by the modified method 
of simplest equation where the differential equation of Riccati is used as simplest equation. 
Numerical simulations of the obtained solution are performed and discussed from the point of 
view of arterial disease mechanics. 
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This work has been partially supported by the grant DFNI-I-02/3 with the National Science 
Fund (Bulgaria). 

 
N. Nikolov, S. Tabakova, St. Radev 
Institute of Mechanics – BAS, Bulgaria 
Mechanical behavior of cardiovascular system depending on blood flows, arterial 
elasticity, arterial damages and arterial fractures 
The mechanical behavior of the arterial walls, as important elements in a cardiovascular 

system, is numerically modeled, using the software ANSYS, depending on different blood flow 
parameters and different elasticity of the geometrically damaged arterial walls imitating the 
presence of arterial aneurysms. The influence of the arterial elasticity on the blood flow transport 
is investigated. The stress and strain states under arterial aneurysm fractures are revealed and 
discussed. The role of the boundary conditions during the modeling is outlined and corresponding 
interpretations are proposed. The obtained numerical results, describing the interactions between 
blood fluid flows and damaged (by aneurysms) arterial structures, could be used in the study of 
the stiffness/compliance arterial behavior as response of real heart loadings. 

This work has been partially supported by the grant DFNI-I-02/3 with the National Science 
Fund (Bulgaria). 
 

St. Radev1, S. Tabakova1, N. Kutev2, N. Nikolov1 
1Institute of Mechanics – BAS, Bulgaria 
2Institute of Mathematics and Informatics – BAS, Bulgaria 
Blood flow simulations based on medical image data  
Some cardiovascular diseases are believed to depend directly on the blood flow dynamics. 

Since in vivo measurement techniques seems unable to resolve such a phenomenon in a living 
human body, the mathematical modeling and numerical simulations are expected to play an 
important role in a better understanding of the relationship between the cardiovascular diseases 
and the real blood dynamics. Taking into account the blood non-Newtonian characteristics, 
several non-Newtonian rheological models have been used to describe the blood rheology. The 
most appropriate model for the blood viscosity behavior is the Carreau model [1], which is used 
in our study. 

In the present paper we review some analytical and numerical results [2] – [6] obtained for 
a non-Newtonian oscillatory blood flow (based on the above viscosity model) in an infinite 
straight channel or tube. Mathematically the model leads to a single quasilinear parabolic 
equation. For the latter in the channel case, the following results are obtained: 
-a numerical solution derived by a finite difference numerical scheme. 
-an analytical solution in the case of a small parameter in front of a viscous term.  It is shown that 
the solution depend only on the odd modes. 
-exact a priori estimations of the difference between the non- Newtonian and  Newtonian 
solution. These estimates are verified numerically. 

Numerical solutions for the oscillatory flow velocity are constructed also for a tube (artery) 
with a model aneurysm [6] by the finite-difference method (FDM) for the straight tube and by the 
software ANSYS/FLUENT for both tube geometries (with and without model aneurysm). 

REFERENCES 
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[2] S. Tabakova, E. Nikolova, and St. Radev (2014), AIP Conf. Proc. 1629, pp. 336–343. 
[3] St. Radev, S. Tabakova, N. Kutev (2017), in Advanced Computing in Industrial 
Mathematics, Studies in Computational Intelligence, edited by K. Georgiev et al. (accepted). 
[4] N. Kutev, S. Tabakova, and St. Radev (2015), Proceedings of the International Conference on 
Mechanics – Seventh Polyakhov’s Reading, 2-6 February 2015, Saint-Petersburg, Russia, ISBN 
978-1-4799-6824-4, 4p. 
[5] N. Kutev, S. Tabakova, and St. Radev (2016), AIP Conf. Proc. 1773, 080002-1-080002-8. 
[6] S. Tabakova, P. Raynov, N. Nikolov, St. Radev, in Advanced Computing in Industrial 
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St. Stoytchev1, M. Antonova2, S. Antonova3 
1 Institute of Mechanics – BAS, Bulgaria 
2 Insitute of Neurobiology – BAS, Bulgaria 
3 St Ekaterina University Hospital Sofia, Bulgaria 
Mechanical wall stresses in abdominal aorta aneurysm based on uniaxial experiments 
The knowledge of the mechanical properties and mathematical modelling of the abdominal 

aorta aneurysm (AAA) biomechanics contribute to explanation the mechanisms of the aneurismal 
rupture as well as to a reliable rupture risk prediction. Therefore, the goal of this work is to trace 
the way of establishing biomechanical data based on uniaxial experiments of AAA tissue and their 
constitutive modelling. 

Preparations from human aneurysmal tissue were harvested by routine operations in the 
Department of Cardiovascular Surgery at the Medical University Sofia and 20x2mm strips were 
cut in longitudinal and circumferential directions. Uniaxial stretch experiments were performed 
using a custom made device. The experimentally recorded force and elongation of the specimen 
were converted to Cauchy-Euler stresses and stretch ratios. Assuming the AAA wall to be an 
incompressible, homogenous, elastic material undergoing finite deformations, the mechanical 
behavior can be described by a strain energy function (SEF). Here we suppose that SEF depends 
solely on the first invariant of the strain tensor. Thus, according to the theory of large elastic 
deformations, the Cauchy-Euler stress can be expressed as derivatives of the SEF. The 
identification of the functional form and estimation of the material parameters of these 
derivatives was performed by the best fit to the experimental data. The agreement between 
experimental data and the proposed functional form of the SEF was very good (R2>0.99). 

The work was supported by the National Science Fund (Bulgaria), grant DFNI-I-02/3/ 
12.12.2014. 

 
L. I. Turchak 
RAS FRC of Informatics and Control Dorodnicyn Computing Centre, Russia 
Aerospace safety modeling 
Aviation. Intensive development of aerospace industry demands high tasks to ensure safety 

of its infrastructure facilities. Currently, the solution of these problems is almost impossible 
without the use of numerical modeling methods for various processes; without the use of 
computational fluid dynamics methods for assessing the aviation accidents and incidents risk, in 
particular. 

According to official statistics, 25% of accidents and catastrophes are caused by hazardous 
weather conditions, with 49% of these accidents occur due to complicated wind regime and 12% 
- for the turbulence and icing reasons. 

Hit in the wake vortex can cause aircraft crashes: in the past five years 4 aircraft crashes 
have been recorded due to falling into the vortex wake. 

The ongoing research is focused on the development of technology and numerical methods 
for the detection of modeling, identification and prediction of the dynamics of turbulent 
phenomena in a real meteorological conditions which is dangerous for aviation, as well as the 
effects of the interaction processes resulting in the collision of natural and artificial celestial 
bodies with terrestrial planets aimed at providing aviation and space security. 

The report describes the experience on modeling the dynamics of aircraft vortex wakes, the 
calculation of aerodynamic effects for the disturbed air flow on aircraft, as well as the methods of 
mathematical modeling of turbulent hazardous phenomena in the airfield area. 

A review of results for the dynamics of vortex wakes in actual air quality calculation (the 
influence of stratification, wind shear, turbulence, viscous interaction with the underlying 
surface), assessing the degree of falling into the vortex trail danger at various stages of aircraft 
flight including landing mode. 
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In particular, the vortex dynamics landing mode features are analyzed in details under 
different temperature inversions in the atmospheric boundary layer (surface inversions, elevated 
inversion with different height inversion layer, elevated inversion of surface isotherms), with 
special attention to vortex wakes influence on aircraft flights from released mechanization, the 
impact of these factors on the location and size of the zones that are dangerous to other aircrafts. 

Cosmic Bodies. In addition, we propose to address the fundamental problem of collision of 
space objects with our planet and subsequent modeling. Recently, there has bееn а worldwide 
proliferation of instruments and networks dedicated to observing meteors, events caused by 
atmospheric entry of various objects, including international airbone campaigns and possible 
future space-based monitoring systems. There has bееn а corresponding rapid rise in high quality 
data accumulating annually. On the other hand, along with our collaborators we have developed 
а collection of relevant analytical techniques. These techniques could bе furthеr improved and 
embodied in а complex software program, which will effectively and ассurаtеlу process these data 
in аn automated mode.  

The main objectives of this research are: (1) understanding and modeling of phenomena 
accompanying hypersonic entry into an atmosphere, (2) recommendations for the prevention and 
forecast of treats from space (3) increasing the existing knowledge about the small solar system 
bodies via observational data analysis. Additionally, оnе саn make а risk estimate of the collision 
of particles in meteor showers with а spacecraft.  

Our results are applicable to study the properties of near-Earth space, and to control its 
meteoroid and space debris population. 

The work was supported by the Russian Foundation for Basic Research, Project 16-07-
01072. 

 
MS06 Biodynamics and Biorheology 
 
A. Aleksandrova-Watanabe*, N. Antonova*, E. Shamray, M. Skorkina, O. 
Cherkashina 
*Institute of Mechanics – BAS, Bulgaria 
Evaluation of the elastic properties and topography of leukocytes’ surface in patients with 
type 2 diabetes mellitus using Atomic Force Microscope 
The aim of the work is to study morphometric parameters (height and diameter of the 

leukocytes) and morphological structures (globular prominences – number, height, width; 
depression in the membrane – number, depth, width) of the leukocyte surface and local elastic 
properties (Young’s modulus) in normal and pathological conditions (type 2 diabetes mellitus) by 
means of the atomic force microscopy (AFM). Integra Vita NT-MDT scanning probe microscope 
were used for studies of the topography of the leukocytes surface and elastic properties of the 
leukocytes of the least 10 leukocytes from 10 healthy donors and 10 patients with type 2 diabetes 
mellitus. The samples were collected in the Hematological Dep., St. Ioasaf Regional Hospital, 
Belgorod, Russia and the experiments were carried out at the Dep. of Biology at the Belgorod State 
National Research University, Belgorod, Russia. 

Morphometric parameters of the leukocytes were studied by method of Skorkina M.Yu. et 
al. (2009). AFM images were obtained in a tapped mode. The obtained scans were used for 
construction of 3×3-μm surface profiles using Nova software and morphological structures were 
measured on these profiles. 

The elastic properties of leukocytes were measured in the mode of force spectroscopy by 
method of Skorkina M.Yu. et al. (2011). The leukocytes from each sample were scanned in semi-
contact mode. A load of 25 local cell surface regions was applied in Nova software and the obtained 
AFM curves were processed basing on Hertz contact model. 

The results show that in the patients group with type 2 diabetes mellitus the diameter of 
leukocytes was increased by 7,5%, but the cell height was significantly decreased by 86,9% 
(p<0,005) in comparison with the corresponding parameters in healthy donors. It was observed 
an increase in the Young’s modulus in diabetes patients by 23,7%. It was found a significant 
increase in the number of globular prominences and depressions in the membrane of the 
leukocytes by 6,1% and 66,1%  (p<0,005) respectively, in comparison with normal leukocytes. 
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The results of this work could be used to identify early changes in the morphological and 
functional characteristics of leukocytes in the patients with type 2 diabetes mellitus. The 
determined parameters of structures and topography of leukocytes’ surface as well as their elastic 
properties can serve as objective markers for early prediction and disease severity as well as 
treatment assignment in patients with type 2 diabetes mellitus. 
 

N. Antonova*, V. Paskova*, I. Velcheva, N. Chaushev, S. Podtaev, K. Tsiberkin 
*Institute of Mechanics – BAS, Bulgaria 
Analysis of the relationship between the rheological parameters of blood and vascular 
tone regulation disorders in patients with Diabetes mellitus type 2  
The wavelet transformation analysis was used to study the localized variations of the low 

amplitude oscillations of skin temperature in accordance with myogenic (0.05 – 0.14 Hz), 
neurogenic (0.02 – 0.05 Hz), and endothelial (0.0095 – 0.02 Hz) control mechanisms and their 
association with skin blood flow changes during indirect cold test in 30 patients with diabetes 
mellitus type 2 and 10 healthy age and sex matched controls. 

Skin temperature and blood flow of the volar side of the distal phalange of the 2nd finger 
were continuously measured under basal conditions (10 min), during contralateral hand 
immersion in cold water (3 min) and thereafter (10 min). The amplitudes of the skin temperature 
pulsations (ASTP) were monitored by means of thermistor sensor of the “Microtest” device (“FM-
Diagnostics”, Russia). The whole blood viscosity (WBV) and the shear stresses were measured by 
Contraves LS30 viscometer, (Switzerland) at a steady flow in 10 healthy subjects and in 30 
patients with type 2 diabetes mellitus. The basic hemorheological constituents as hematocrit 
(HT), fibrinogen (FIB) and plasma viscosity (PV) were also investigated. 

Power law and Herschel-Bulkley (HB) equations were applied to describe the blood 
rheological properties and flow curves. Both models include consistency (k) and flow index (m), 
and the HB also gives the yield stress (τ0). The Spearman rank correlations between these 
parameters and the ASTP in the frequency ranges, corresponding to the myogenic, neurogenic 
and endothelial mechanisms of the microcirculation tone regulation were calculated. 

During the cold stimulus significant reduction of the temperature fluctuations in the 
neurogenic and endothelial frequency bands in the diabetic patients was established. Significant 
increase of Ht and WBV at shear rates of 0.0237 s-1 to 128.5 s-1 in the patients in comparison to 
controls was found. The ASTP values decreased when the blood viscosity increased. The 
correlation analysis revealed good ASTP–m (r>0.5) and ASTP–k (r<–0.5) relationships in the 
endothelial range, while the ASTP–τ0 correlation was weaker (r≈–0.4). These correlations 
became lower for the ASTP during the cold stress. 

The results prompt manifestation of endothelial dysfunction associated with increase of the 
blood viscosity values in the patients with type 2 diabetes. 

 
M. V. Batista da Silva, A. I. Alet, N. A. Alet, M. D'Arrigo, B. D. Riquelme* 
*Facultad de Cs. Bioquímicas y Farmacéuticas, Instituto de Física Rosario, Argentina 
Viscoelastic alteration on red blood cells by in vitro action of propofol 
Previous studies have demonstrated that propofol may affect the stationary viscoelastic 

parameters of human red blood cells. In this work, we studied the in vitro action of propofol 
(4mg/mL, near steady-state) on Red Blood Cells (RBC) from healthy donors (n=5) to analyze the 
possible effects on dynamic viscoelastic parameters. Measurements were carried out by using the 
new Reómetro Eritrocitario based on laser difractometry technique (by quintupled). The phase 
shift (d) between deformation and applied shear stress at 0.5, 1 and 1.5Hz was measured and 
complex viscoelastic parameters were calculated. All viscoelastics parameters were significantly 
increased when compared to control for 0.5 and 1.5 Hz, while there were no significant difference 
for 1.0 Hz.  When comparing between treated samples, G’ was higher than G’’, and n’ was lower 
than n'’ for 0.5 and 1.5 Hz. Finally, propofol may alter the dynamic viscoelastic properties of RBC 
membrane at concentrations lower than those previously informed in literature, probably 
affecting the dynamic viscoelasticity of RBC. 
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P. Buszniez, N. Lerda, M. D'Arrigo, B. D. Riquelme* 
*Facultad de Cs. Bioquímicas y Farmacéuticas, Instituto de Física Rosario, Argentina 
Hemorheological action of trigonelline on in vitro glycated red blood cells 
Trigonelline (T) is an alkaloid found in seeds and leaves of different plant species. Recent 

studies have demonstrated its lipid-lowering, antioxidant and anti-diabetic activity. It has been 
found to reduce hyperglycemia, protects β cells from the pancreas and increases insulin 
sensitivity. The objective of the present work was to evaluate the hemorreological action of T on 
glycated red blood cells. Red blood cells (RBC) obtained from healthy donors were washed and 
incubated with glucose solutions (GS 0.2 and 1 mg/dL) with controlled shaking for 20 hours. After 
washing, gRBC were incubated, at equal volumes, with a solution of T of 1 mg/mL at 37° C for 60 
minutes with controlled shaking. These samples were washed and resuspended 0.3% in 
autologous plasma to be observed under inverted optical microscope coupled to a digital camera. 
Stationary viscoelastic parameters (DI) deformability index, elastic modulus m, membrane 
surface viscosity (h) and dynamic parameters δ (phase shift δ between erythrocyte elongation and 
oscillating shear stress) were measured using an Erythrocyte Rheometer. Amplitude (Amp) 100 
and half aggregation time (t½) were obtained by an optical chip erythrocyte aggregometer. When 
gRBC are treated with T the results of the stationary viscoelastic parameters show an increase of 
m and h with both GS concentrations, while DI increases for gRBC 0.2 g/dL and decreases for 
gRBC 1 g/dL. Respect to δ in gRBC 1g/dL samples, no significant variation was observed at 1.5 Hz 
frequency, but a slight decrease of δ was observed at 1 Hz and a significant decrease at 0.5 Hz. 
Aggregation graphs show Amp increase and t½ decrease for gRBC 1 g/dL, and the inverse result 
for gRBC 0.2 g/dL.The results obtained provide information necessary for the study of the 
hemocompatibility and the action of the T on the erythrocyte membrane in order to evaluate the 
possible alterations of the structural proteins that influence the erythrocyte morphology. These 
results will be useful in later studies on the possibility of the use of T as adjuvant in the treatment 
of Diabetes Mellitus, presented in the pharmaceutical form of injectable or subdermal patch. 

 
H. V. Castellini, B. D. Riquelme* 
*Facultad de Cs. Bioquímicas y Farmacéuticas, Instituto de Física Rosario, Argentina 
Study of non-linear viscoelastic behavior of the human red blood cell membrane 
Most of the phenomenological models on the human red blood cell membrane (RBC) 

assume that it has a behavior similar to a viscoelastic solid of Kelvin-Voight. In this work, the non-
linear behavior of RBC was analyzed using the data series obtained with the Erythrocyte 
Rheometer, an instrument developed and constructed in our laboratory. A theoretical model was 
elaborated that adjusts with the observations. For this purpose, the linear behavior was 
eliminated by means of a slot filter and a sixth order Savisky-Golay filter was applied to the 
resulting time series that allows the elimination of possible white noise in the data. Then, the data 
were normalized to mean null and unit variance. A sample space consisting of the data 
corresponding to blood samples from 4 healthy donors was studied. A fast Fourier transform was 
performed on the processed data, which resulted in a series of frequency-dominant peaks. These 
results suggest the presence of a non-linear quadratic term in the Kelvin-Voight 
phenomenological model. On the other hand, the study of the correlation dimension through the 
quantified recurrent analysis gave the value C2 = (2.58 ± 0.08), which was found to be coincident 
for each sample of blood analyzed. This suggests that the underlying dynamic is the same in each 
RBC sample corresponding to healthy donors, so the ad-hoc hypothesis of assuming the same 
model for each individual is applicable. The explanation of the appearance of quadratic terms in 
the Kelvin-Voight equation is associated with the presence of normal stresses against simple 
shear, this would suggest a limit in the isometric deformation of the RBC. These results provide 
information on the non-linear viscoelastic behavior of the erythrocyte membrane. Also, this type 
of analysis will allow to decide on the validity of the application of this same mathematical model 
in the case of altered RBC, due to hemorheological pathologies (Diabetes, hypertension, anemia, 
parasitosis, etc.) as well as treatments produced in vitro by different agents (phytochemicals, 
anesthetics, drugs, etc.). 
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M. Ciunne, M. Toderi, B. D. Riquelme* 
*Facultad de Cs. Bioquímicas y Farmacéuticas, Instituto de Física Rosario, Argentina 
Computational analysis of red blood cell aggregation kinetics to obtain representative 
parameters in healthy donors 
In this study, experimental curves of erythrocyte aggregation were fitted to obtain 

representative parameters of aggregation kinetics. Blood from healthy donors was collected and 
anti-coagulated with EDTA, and the samples were prepared and analyzed at a 40% hematocrit. 
Data were obtained by an optical chip aggregometer developed in our laboratory and based on 
light transmission. Curves of transmitted light through a blood sample versus time were recorded 
and subsequently subjected to custom made software in order to obtain characteristic parameters 
of the aggregation phenomenon. Calculations were conducted in a python environment, where 
the curve fitting gives immediately two parameters, τ1 and τ2, related to the velocity in the 
formation of rouleaux, and their stability. Other indexes, such as Ampt, t1/2 and the Aggregation 
Index (AI), are defined in order to describe the behavior of the aggregate formation. The results 
allow us to propose an equation that models more effectively the erythrocyte aggregation kinetics 
in which two stages were well distinguished. This study is of importance in Clinical Medicine since 
it helps to develop easy tools and techniques for blood characterization, especially concerning 
vascular pathologies such as hypertension and diabetes where the RBC aggregation can show 
alterations. 
 

I. Ivanov, N. Antonova 
Institute of Mechanics – BAS, Bulgaria 
Relation between the RBC suspensions’ conductivity and the orientation of erythrocytes 
under flow conditions and at electric field 

Red blood cells (RBCs) under flow change their orientation and deformability in 
dependence on different factors as shear rate, hematocrit, erythrocytes’ rheological and 
morphological properties and plasma viscosity. The aim of this study is to show the relation 
between RBCs orientation at different transient flow regimes and electrical conductivity of RBCs 
suspensions. RBCs suspensions and whole blood with different hematocrit were used for the 
measurements at a steady and unsteady flow conditions: rectangular (step-wise) trapezium-liked 
and triangular regimes of shear rates changes between 0.0596 s-1 and 94.5 s-1, and temperature 
37˚C. The measurements were carried out with a rotational viscometer LS 30 Contraves equipped 
with a conductometric device with software for measurement of the electrical conductivity in a 
parallel with the measurement of rheological properties of the biological fluids (data acquisition 
system). The results show that at a constant shear flow between two coaxial cylinders RBCs 
suspensions’ conductivity increases in a shear-rate dependent manner in direction parallel to the 
shear plates. In case of unsteady flow regimes though, RBCs suspensions’ conductivity changes 
strongly following the inner alterations in RBCs orientation and deformability. 
 

E. Koytchev*, N. Antonova*, N. Suzaki, Y. Shin-no, M. Hayashi 
*Institute of Mechanics – BAS, Bulgaria 
Bonding performance of a newly developed experimental one-step adhesive on sound 
human dentin 
Objectives. The modern dentistry has made tooth restoration a relatively straightforward 

procedure by utilizing adhesive technology for retaining biomaterials in place. 
In a clinical environment, the reduction of operative steps has made the one-step adhesive 

systems to be preferred by dentists for their effectiveness in minimizing technique sensitivity 
(Sano et al, 2013).  The constant evolvement of dental materials is associated with simplification 
of operative procedures, as well as improving their mechanical properties. 
The present study aims to investigate the bonding performance of a newly developed one step 
experimental bond in relation to the orientation of dentinal tubules. 

Materials and methods. 
Equipment: Tensile strength testing machine Autograph 500N EZ test, (Shimadzu Co. 

Kyoto, Japan). 
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Materials: SKB 100; experimental one bottle, single step bond (Kuraray Noritake Dental 
Co.),  Clearfil SE One  (Kuraray Noritake Dental Co).    Control: Clearfil Megabond two (Kuraray 
Noritake Dental Co.) 

Freshly extracted human third molars were used. The coronal part was removed by means 
of low speed diamond cutting saw, under a copious water irrigation until the dentin was exposed. 
The dentin surface was  standardized by polishing in an uniform direction with SiC paper with 
600 grid and the specimens were machined so that the dentin tubules run parallel and 
perpendicular to the bonded surface. The adhesive systems were applied according to the 
manufacturers’ instructions.  Increments of composite resin material of around 2mm each were 
applied and polymerized by LED photo curing lamp for 30 sec. From the so restored teeth, beam 
shaped specimens were obtained so that they contained dentin, adhesive layer and composite 
material. The sizes were WxHxL 1.25x0.8x>10mm, which corresponds to bonded area of 1mm². 
After storing for 24 hours in distilled water, the specimens were subjected to tensile load until 
complete fracture at CHS of 0. 1mm/min. A total of 7 specimens for each adhesive system were 
used. The tensile strength (MPa) was calculated by dividing the tensile force (N) by the bonded 
area (mm²). 

The adhesive interfaces of the specimens were morphologically characterized by means of 
SEM (JEOL, Japan) in relation to their mechanical behavior. 

Results. The specimens with perpendicular tubule orientation showed micro-tensile bond 
strength (µTBS) of 58.43 ± 10.25 and 27.74 ± 5.99 MPa for the control group and the experimental 
adhesive, respectively. 

The parallel group turned out values for µTBS of 46.71 ± 8.35 and 36.24 ± 9.49 MPa  for the 
control group and the experimental adhesive, respectively. 
The SEM fractographic observations of the bonded surfaces revealed mostly cohesive failure for 
the control and mixed adhesive failure with cohesive failure within dentin for the experimental 
bond group. 

Connclusion. The relatively very good adhesive abilities of the experimental bond SKB 100, 
make it a preferred choice where speed and ease of use are of primary importance. 

 
N. Milanova1, N. Antonova2, I. Roussev2, N. Koseva3 
1Faculty of Physics, Sofia University, Bulgaria 
2Institute of Mechanics – BAS, Bulgaria 
3 Institute of Polymers – BAS, Bulgaria 
Influence of laser radiation on the rheological properties of gelatin, synthetic polymers 
and their mixtures 
Introduction. Interactions between synthetic and natural macromolecules form a new class 

of biomaterials that combines better mechanical and thermal properties of the ones with the 
biocompatibility and biodegradability of the others. This combination of properties is extremely 
important when the new biomaterial is applied in many areas, including pharmacy and cosmetics.
 The effect of of Nd:YAG laser radiation on human fibroblasts - the cells that produce 
collagen in our body - has a proven effect in activating fibroblast proliferation and effectively 
increases collagen synthesis. After irradiation of human-derived fibroblasts for a duration of 48 
hours with a Nd: YAG laser at a wavelength of 532 nm, an energy density of 1.5 J / cm2 and a pulse 
duration of 5 ns at intervals of 1s, we observe an increase in Hsp70 and IL-6 levels compared to 
non-irradiated controls, whereas MMPs levels after irradiation with green light have decreased 
by more than 30%. Therefore, this laser effectively increases collagen synthesis and inhibits its 
degradation. Despite the positive "in vitro" effect of the laser on collagen regeneration, the 
regeneration process is still not elucidated at the molecular level. The effect of thermal collagen 
restructuring "in vivo" is to achieve local warming (~60°C) in the subcutaneous tissue by 
converting light energy into thermal energy (photothermolysis), whereby under heat, protein-
containing molecules, such as collagen, form a new chemical bonds, resulting in skin tightening 
effect. [12]. 
           Dissociation of the polypeptide chains of collagen by thermal process results in gelatin 
production. The resulting gelatin overlaps in its structural matter with the collagen and reflects 
its properties. 
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          Aim. The aim of our research is to investigate the rheological behavior of gelatin, aqueous 
solutions of synthetic polyvinylpyrrolidone, polyethyleneglycol, polyethylene oxide and thereof 
mixtures with gelatin, as well as changes in rheological properties that occur under irradiation 
with Nd:YAG laser, which will help to deepen our knowledge of the interactions between these 
components. 

Materials and Methods. Gelatin and different mixtures of gelatin and polymer solutions 
have been prepared and used for the experiments:  
- 0.1% gelatin solution obtained after dissolving 200 mg of gelatin in 200 ml of H2O; 
-  2% polyvinylpyrrolidone obtained by diluting 2 g of the commercial product with 43 ml of H2O; 
- 1% polyvinylpyrrolidone obtained by diluting 2% solution in solution: water ratio 1:1; 
- Polyethylene glycol at a concentration of 1% obtained after dissolving 200 mg of PEG in 20 ml 
of H2O;  
- 1% polyethylene oxide obtained after dissolving 200 mg of PEO in 20 ml of H2O; 
The 3 ml mixtures of gelatin and the corresponding polymer have been prepared in the ratio: 1.5 
ml gelatin :1.5 ml polymer solution 

A Nd:YAG continuous-mode laser with an output power of 20 mW and a wavelength of 532-
3 nm, a power density of 5 mW/cm2 on the surface of the test liquid was used. In our 
measurement, the beam is directed upward to a 15.8 mm diameter and a 17 mm high cuvette in 
which the irradiated fluid is placed. On the entire surface of the liquid in the cuvette, the laser 
beam was at a power density of 5 mW / cm2. During the irradiation, the temperature in the 
laboratory and the cuvette was about 20 ° C, with the irradiation period changing by no more than 
0.2 ° C.  

The dynamic viscosity and the shear stresses were measured by Contraves LS30 viscometer, 
(Switzerland) at a steady flow. The shear rates (deformation rates) vary in the range of 0.0237 s -

1 to 128.5 s-1 at a constant temperature of 37 ° C. The dynamic viscosity of gelatin and its mixtures 
was compared before and after exposure to a laser for time: 1 hour, 24 hours and 70 hours. 
Prolonged irradiation of the gelatin (70 h), as well as irradiation of gelatin mixtures with 1% 
polyethyleneglycol and 1% polyvinylpyrrolidone with Nd:YAG laser was realized too. 

Results and Discussion. The results obtained from our study of the rheological properties of 
gelatin and its mixtures show that these fluids have non-Newtonian behavior in the area from 
shear rates up to 20 s-1. With increasing the values of shear rates the apparent dynamic viscosity 
remains constant, i.e. the polymer solutions (gelatin and its mixtures) are characterized as 
Newtonian fluids. 

Viscometric measurements also show that the laser radiation influences the rheological 
properties of the gelatin and its mixtures. An increase in viscosity and shear stresses was observed 
with prolonged irradiation of the gelatin (70 h), as well as irradiation of gelatin mixtures with 1% 
polyethyleneglycol and 1% polyvinylpyrrolidone with Nd:YAG laser. 

The increase in viscosity of a given mixture may be due to interactions between its molecules 
since collagen molecules, respectively gelatin molecules, can form hydrogen bonds with the 
macromolecules of synthetic polymers, forming larger macromolecules that occupy a larger part 
of the volume of the liquid and give it greater internal resistance. Thus the liquid becomes more 
viscous. The results of our study show an increase in the viscosity of the studied solutions of 
gelatin and its mixtures, which are in accordance with previous studies of the rheological 
properties of collagen and its mixtures [1, 2]. 

Changes that occur under the influence of the laser radiation on polymers and their 
mixtures are prerequisite for investigation of the properties of the collagen and new biomaterials. 
The observed changes in the rheological properties before and after the irradiation also imply a 
change in the structure of the studied solutions, as well as chemical mixing at molecular level. 

The new polymeric materials, based on the interaction of collagen / gelatin with synthetic 
polymers, combine both better mechanical properties and temperature endurance, as well as 
increased biocompatibility and biodegradability, which is very important for their various 
applications, for example in tissue engineering, for the construction of new tissues such as skin, 
cartilage, bone, liver, neurons, blood vessels; in the electrofilation, where the biosynthetic 
polymers are used to make a dressing where a drug is placed, and then it is placed directly on an 
open skin wound and aids the healing process; new polymeric materials are the basis of polymeric 
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drugs formulations that address the most significant disadvantages of the modern drugs, 
specifically - their high toxicity, low resistance and weakening of the patient's immune system. 

REFERENCES  
[1] Sionkowska A., Progress in Polymer Science: Current research on the blends of natural and 
synthetic polymers as new biomaterials, 2011, pp. 1254-1258. 
[2] Sionkowska A,. Journal of Molecular Liquids: Collagen-synthetic polymer interactions in 
solutions and in thin films, 2008, pp. 135-138. 

 
Sv. G. Nikolov1,2, M. Nenov1 
1Institute of Mechanics – BAS, Bulgaria 
2University of Transport, Bulgaria 
Signal transduction through a time delayed miRNA regulated element 
Various studies documented that small non-coding segments of RNA (called microRNAs 

(miRNAs)) are involved in the transcriptional and post-transcriptional genetic regulation of 
tumor oncogenes due to mutations (or deletions of tumor suppressor genes). They are also known 
to play an important role in regulation of drug sensitivity and/or resistance to chemotherapeutic 
agents. Therefore, mathematical modeling of miRNA regulations can help us understand in 
details the mechanisms of these processes. 

In the present paper we develop a time delay model with two redundant negative feedback 
loops as an upstream signal S (as DNA damage signaling) is added. The model resulted in three 
DDEs with three discrete time delays. The basic view that time delays and signal S are key factors 
in the dynamic behavior of our model was confirmed by analytical calculations and numerical 
simulations. In more details, we derived that time delays have a destabilizing role as from 
biological point of view, the loss of stability might be related to emergence of new configurations 
in the regulatory gene circuit that could lead the system to a pathological state. On the other hand, 
the upstream signal Shas a destabilizing/stabilizing role in dependence from his level (size). 
 

R. Taiar*, Al. Mitton, J. Cambier, I. Guenaoui, S. Michel, G. Polidori 
*University of Reims Champaign, France 
Biomechanics of the immediate impact of wearing a rigid thoracolumbar corset on gait 
kinematics and spatiotemporal parameters 
The corset support is a device classified as orthosis. He compensates a functional deficiency 

with means of protection, recovery, correction, maintenance and support or contention. There are 
two types: rest orthosis and corrective orthosis. Rest orthosis maintains joints in a defined 
position to avoid deformities or to relieve a painful joint. Corrective orthosis adjusts joint 
deformity either passively or actively. Corset is used in various pathologies: thoracic-lumbar 
fracture, scoliosis, Scheuermann’s disease or spinal dystrophy. The purpose of this study is to 
determine the immediate impact of wearing a semi-rigid thoracolumbar corset, the Lombax® 
Dorso on gait kinematics and spatiotemporal parameters on 6 adults. These parameters were 
recorded using by the optoelectronic system Vicon® on treadmill gait subjects without and with 
corset for the comparison. The results showed that wearing corset affects by decreasing 
significantly the rotation amplitudes of the scapular and pelvic girdles (p<0.05) in the frontal 
plane. The movement of the pelvis and hip in this same plane decrease also when comparing with 
and without corset effects (p<0.05).  The corset increases significantly the range of flexion-
extension of the hip during the gait cycle. Through our study we quantified the discriminate 
parameters of wearing corset. The results and in association with manufacturer will helps to 
improve materials for the better optimization support. Like perspectives, and after improvement 
materials will aims to experiment patients on real daily life situation. 

 
N. Todorova, N. Antonova 
Institute of Mechanics – BAS, Bulgaria 
The role of nanoparticles on the kinetics of coagulation of conserved blood 

INTRODUCTION 
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The kinetics of blood coagulation can be adjusted by nanoparticles which are rapidly 
entering various area of biology - in vitro diagnostics and faster transport of the drug delivery. 
Nanotechnology improves the solubility and alter the pharmacokinetic characteristics of drugs to 
reach the target cells. Through these mechanisms, nanotechnology-based delivery platforms 
increase drug efficacy while lowering doses and decreasing side effects. Nanoparticle interface 
with the blood coagulation system may lead to either benefits to the host or adverse reactions. By 
manipulation of the physicochemical properties, can be improved treatment of disorder in the 
clotting process by entering systemic circulation they immediately encounter blood cells, proteins 
and endothelial cells, as well as key components of the coagulation system such as platelets and 
plasma coagulation factors. They are used for the treatment of coagulation disorders, by their 
design for specific interactions with cells and coagulation factors. But they can also induce 
undesirable changes in the function of cells such as disseminated intravascular coagulation (DIC), 
characterized by the formation of small intravascular clots followed by abnormal hemorrhages 
and even intravascular thrombosis. Another common coagulation disorder is deep vein 
thrombosis (DVT) - clot formation in the deep veins. Important in evaluating undesirable 
interactions between the nanoparticles and the coagulation system are nanoparticle interactions 
with plasma proteins, because protein binding can alter nanoparticle physicochemical and to 
activate or inhibit the activity of the protein. Binding of coagulation factors with nanoparticles 
may have two consequences: the inactivation of the factors and reduced availability to other 
components of the coagulation cascade or activation of factors after interaction with the anionic 
surface. Interestingly, this property is largely dependent on the particle size, as only large (220 
nM) nanoparticles activated the internal coagulation. There are many varieties such as 
nanoparticles may be grouped into the following categories: polymers, liposomes, 
nanoemulsions, carbon-based nanomaterials, quantum dots, metallic and ceramic. They affect 
the main components of the coagulation system - endothelial cells, coagulation factors and 
platelets. 

MATERIALS AND METHODS 
Conserved blood from healthy subject, Rh+, group 0 (National Center of Hematology and 

Transfusion, Sofia) is used in this investigation. To initiate coagulation 0.1 ml aqueous of 2 % 
Ca was added to the measured blood sample. 
The experiment was made by the rotational viscometer LS 30 Contrives as a base unit which is 
connected with conductivity measurement device. The measure blood sample of 1 ml is put in an 
annular gap between the both measuring cylinders. A pair of platinum electrodes in ring shape 
was embedded into the wall of resin made replica of the flow chamber of rheometer. The 
coagulation sample is tested at steady shear flow at 0.0237  and 37˚C temperature. 

RESULTS 
The obtained results show that the apparent dynamic viscosity increases with duration of 

shearing during 840 sec. Shear stress and blood conductivity were evaluated during the 
coagulation process too. It was experimentally established that that blood conductivity is constant 
for the initial period from 0 to 300 seconds after addition of recalcification agent. 

CONCLUSIONS 
Nanoparticles can be optimized to improve their compatibility with the coagulation system; 

understanding the role of nanoparticle physicochemical properties is important to fine tune these 
materials before their use in nanomedicine. 

Thorough characterization and standardized methods are critical to create an accurate 
knowledge base about nanomaterials effects on the coagulation system. 
 

MS07 Constitutive and Numerical Modeling in Soil Mechanics 
 
M. A. E. S. Abdelmonem, E. A. M. Osman 
El Minya High Institute of Engineering and Technology, Egypt 
Employing of the plaxis soil liquefaction model “UBC3D-PLM” in investigating the seismic 

performance of buildings rested on weak soils under strong ground motions and mitigation 
techniques 

In this research, the newly devolved UBC3D-PLM soil model has been employed to 
investigate the seismic behavior of weak soils under liquefaction induced ground motions and the 
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stability of structures rested on these soils using the Plaxis 3D Dynamics. Soil liquefaction causes 
high reduction in strength and stiffness of the soils during the earthquake shaking. Liquefaction 
occurs typically in saturated, loose sandy and silty soils. Soil liquefaction is a major cause of 
catastrophes and hazardous damages which occurred to the built environment such as buildings, 
soil embankments, pipelines and underground structures. To study this phenomenon, the 
UBC3D-PLM soil model is chosen to model the cyclic mobility and flow liquefaction of soil 
mediums. This model is an effective stress elastoplastic model which is based on Mohr-Coulomb 
yield criterion with a corresponding non-associated plastic potential function. In addition, this 
model includes a hyperbolic hardening law which is relating the increment in mobilized friction 
angle with the plastic shear strain at a given stress. Furthermore, the PLAXIS (UBC3D-PLM) 
model includes a soil densification rule to better predict the evolution of pore pressures during 
cyclic loading. A soil structure interaction analyses have been conducted to investigate the 
buildings’ seismic stability during great earthquake events and check their performance during 
soil liquefaction. Different soil types, homogeneous and stratified soils, as well as different 
buildings’ heights are considered in the analyses cases. Furthermore, a soil improvement using 
concrete and gravel embedded columns is introduced to mitigate the soil liquefaction hazards and 
enhancing the soil stiffness as well as the building overall seismic performance. 

 
H. A. Al-Sarri*, M. Rezania, H.-S. Yu 
* Nottingham University, United Kingdom 
 A new unified constitutive model with a new stress-dilatancy 

Despite the large number of modifications proposed to the standard Cam-clay model over the last 
three decades, this type of models has been much less successful for modelling many of the 
characteristic features of granular geomaterials. In addition, the original Cam-clay based models 
cannot capture most of the real aspects of clay behaviour. One of the few successful models that 
has been proposed for modelling the behaviour of a wide range of geomaterials is a unified 
constitutive model called CASM (Clay And Sand Model) as formulated by Yu (1995, 1998). In this 
paper, taking advantage of the flexibility and generality of the yield surface of the CASM model, 
the general form of its yield equation is adopted and used with a different stress dilatancy 
relationship to produce a more appropriate flow rule for the original model which uses the stress 
dilatancy relationship of Rowe (1962). In addition, for additional modification of the proposed 
model, it was reformulated with the concept of oriented yield surface to predict the effect of fabric 
anisotropy. The theoretical assumptions are validated and critically assessed based on 
simulations of element test results found in the literatures for both clay and sand samples. 

 
S. A. G. Amiri*, G. Grimstad 
*Norwegian University of Science and Technology, Norway 
Constitutive modelling of frozen soil: theory and implementation 
Saturated frozen soil is a kind of composite material composed of solid grains, ice and 

unfrozen water. Due to existence of ice and its interaction with solid grains and unfrozen water, 
different mechanical behavior of the material is expected comparing to common unfrozen soils. 
The ice content, temperature, confining pressure and hydraulic condition can be mentioned as 
the most important factors influencing the mechanical behavior of such a material. In this paper, 
a two stress-state variable model with a kind of effective stress and cryogenic suction is considered 
to reflect all of the above mentioned effects. The effective stress of the model is defined as the 
combined stress of soil grains and ice and it is responsible for considering the deformation due to 
variation of mechanical loads. The cryogenic suction which is defined as a function of 
temperature, is responsible for considering the temperature induced deformation (e.g. frost 
heave). 

In addition, unfrozen water saturation can reflect the local hydraulic condition of the 
composite. Thus, in the proposed model, an unfrozen water saturation dependent yield and 
potential functions are introduced to consider the effect of the hydraulic condition. The proposed 
model is implemented in PLAXIS and its application is illustrated by simulating a frost heave 
deformation due to a chilled pipeline buried in unfrozen ground. 
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Th. Barciaga1, M. Datcheva2, T. Schanz1 
1 Ruhr-Universität Bochum, Germany  
2 Institute of Mechanics – BAS, Bulgaria  
A bounding surface plasticity model for natural clay – application to geotechnical 
problems 
Reliable predictions of the system response of geotechnical applications in natural clay 

deposits such as cyclic stress-induced ground movements and time-dependent consolidation 
processes are demanding due to the complex constitutive behavior of natural clay. The mechanical 
behavior of natural clay is governed by state variables (e.g. void ratio), cyclic stress-strain history 
and clay structure (fabric and interparticle bonding). Within this study an adequate hierarchical 
constitutive soil model based on the bounding surface plasticity (BSP) concept is employed. The 
model considers the inherent and stress-induced anisotropy and the progressive damage of the 
interparticle bonding induced by plastic strains. 

 
S. Ghyasvand 
Transportation Amirkabir University of Technology, Iran 
Seismic stabilization of the old railway tunnel due to possible earthquake 

Ground vibrations caused by an earthquake usually, damaged the entrance and exit into the 
tunnel. Reply tunnel on ground motion (seismic) to variables such as shape, dimensions, drilling 
depth and the properties of the receptor is dependent tunnel. In this review article stability tunnel 
68 and the field results and the accuracy of geological, geotechnical, topography, tunnel stability 
in static conditions to determine the properties of the rock mass, in-situ stresses and boundary 
conditions were determined. Then, using software Flack results showed that the coverage 
available under static load will be broken and need to be strengthened. The dynamic model of 
quasi-dynamic seismic analysis method (method of interaction-displacement) using finite 
element software was used PHASE 2. Due to the lack of integrity and tensile strength, low walls 
Malone and high inertia and ductility low and improper functioning of this type of coverage in 
past earthquakes (initial assessment) and according to the detailed assessment of the coating to 
the terms of earthquake and seismic loading properly is not 

Based on the results, long-term stability factor is less than 1 Dynamic Northern openings 
and Roof study after the earthquake in the region is unstable. Due to very poor quality rock mass, 
The style of the overburden in Northern span the most suitable option was proposed. So after 
making sure the static stability, seismic stability of the tunnel is analyzed. Due to the lack of 
seismic considerations when designing seismic stability was diagnosed no tunnel. So the need to 
retrofit the tunnel was found in front of seismic loads. 

 
A. A. Lavasan, T. Schanz 
Ruhr-Universität Bochum, Germany 
A strain dependent non-linear elastic-hardening/softening plastic constitutive model for 
granular soils 
Numerical studies indicate that the use of conventional Mohr-Coulomb (MC) model to 

evaluate the behavior of reinforced soils results in inaccurate estimation of the deformations while 
the mobilized shear strength (in soil) and tensile strength provided by the reinforcement are likely 
to be miscalculated. In the reinforced soil structures, mobilization of the ultimate tensile strength 
in the reinforcement requires a certain strain in the soil at the vicinity of the reinforcing elements. 
Thus, the realistic deformations and the strain dependent behavior should be considered in the 
numerical simulations. Jewells (1986) demonstrated that the resistance of the reinforced soil 
system is the total of mobilized resistance in soil and reinforcement where the latter strongly 
depends on the mobilization of the strain in the surrounding soil (Yang et al., 2010, Detert et al., 
2016). In addition, Rowe (1962) and Schanz and Vermeer (1998) indicated that the friction and 
dilation angles evolve during loading. Ruiken (2013) showed that for the reinforced soils, the 
dependency of friction and dilation angles upon the stress and strain level can be more 
pronounced. Therefore, this research aims at developing an adequate constitutive model that 
captures the strain dependency of the stiffness and plastic shear parameters. The model includes 
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a non-linear elastic by accommodating the degradation of Bulk and Shear moduli with evolution 
of the elastic strain the domain. The plasticity in the model is governed by modified MC criterion 
that accounts for possible shear hardening or softening in accordance with evolution or 
degradation of the plastic parameters with respect to plastic strain level. The proposed model has 
been calibrated for triaxial loading to and employed to study the mechanical behavior of 
foundations on reinforced soils. 

REFERENCES 
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[3] Rowe, P.W., (1962). “The Stress-Dilatancy Relation for Static Equilibrium of an Assembly of 
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[4] Ruiken, A. (2013). “The Stress-Strain Behaviour of the Composite Material Geogrid 
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[5] Schanz, T., and Vermeer, P.A., (1996). “Angels of Friction and Dilatancy of 
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[6] Yang, K., Zornberg, J., and Bathurst, R. (2010). “Mobilization of Reinforcement Tension 
within Geosynthetic Reinforced Soil Structures.” Earth Retention Conference, Washington, 
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E. Mahmoudi 
Ruhr-Universität Bochum, Germany 
Probabilistic analysis of an underground storage mined in a spatially random rock salt 
medium 
In most engineering problems the material parameters spread over spatial extents but this 

variability is commonly neglected. Analyses mostly assign the mean value of a variable to the 
entire medium, while in the case of heterogeneous materials as geomaterials, this may lead to an 
unreliable design. The existing scatter in such materials can be represented in the design 
procedure using the random field concept. In this paper, the random field method is used in a 
probabilistic analysis of a gas storage cavern in rock salt. The rock salt formation, as a porous 
media with low permeability and particular creep features, has been used for decades as the host 
rock for the hydrocarbon storage. To achieve a reliable design, a probabilistic model is presented 
to compute the failure probability of a cavern mined in a spatially varying salt dome. Here, the 
no-dilatant region around the cavity is regarded as the failure criterion. In this regard, a thermo-
mechanical model of a natural gas storage in rock salt, employing BGRa creep law, is developed. 
Afterwards, the most effective input variable on the model response is identified, using global 
sensitivity analysis. The Karhunen-Lo"eve expansion is introduced to generate random field. In 
the following, the subset simulation methodology is utilised to facilitate the execution of Monte-
Carlo method. The findings of this study emphasize that considering spatial variability in rock 
properties significantly affects the reliability of a solution-mined cavity. 
 

P. Mianji*, E. S. Hosseininia 
*Ferdowsi University of Mashhad, Iran 
A modified method for modelling of spread footing under uniform distributed load using 
Winkler’s model 
Arriving at a realistic model is of importance in foundation analysis by the extreme difficulty 

of modeling the soil-structure interaction. To this purpose, a plenty of models have been 
introduced, over the years, range from simple single parameter models to complex mixed models. 
One of the most popular and simple methods, which is considered as “one-parameter model”, is 
the Winkler’s model. In this model, the soil continuum is superseded by an infinite number of 
closely spaced springs, whose stiffness describes the behavior of the elastic foundation. Replacing 
the soil with a group of springs leads to the model discontinuity and uniform settlement profile of 
footing, as, every single spring is only responsible for its own vertical load and is not affected by 
the shear stress or the deformation of the adjacent springs. 
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Two main inborn imperfections of the Winkler’s model include: the necessity of determination of 
the subgrade reaction modulus (Ks), and uniform settlement of the foundation under distributed 
load. Actually, the second one is in opposition to the dish-shaped settlement profile of the same 
footing when considering the soil as continuum using Finite Element Method (FEM). 

The modulus of subgrade reaction is not a soil property and could have a different value for 
a specific footing owing to the natural variations in soil properties. The footing dimensions and 
rigidity, load level, soil condition, and soil model have a direct impact on Ks. In the first part of 
paper, the effect of foundation rigidity on the Ks distribution is investigated. Moreover, the 
commonly-used correlations of Ks estimation, i.e. Biot, Vesic and elastic-based correlations, are 
examined to find the most accurate one, using FEM. 
In order to amend the Winkler’s model concerning the latter weakness, the foundation is divided 
into central part as well as side parts and assigning different subgrade modulus to the parts, e.g. 
a value of Ks to the center part and double to the side parts. The settlement profile of the footing 
with various side-part widths are compared with the corresponding FEM model to find the best 
case. The results show that with this dividing technique the desired dish-shaped settlement profile 
could be achieved by error less than 20%. 

 
Poster Session 
 
V. Angelov, E. Ivanov, R. Kotsilkova 
Institute of Mechanics – BAS, Bulgaria 
XRD analysis of three phase Epoxy/Organoclay/Gold nanocomposites 
The aim of this study is to investigate the structure of the Epoxy/Organoclay/Gold 

nanocomposites. 
XRD measurements are performed on the clay powder and the epoxy based 

nanocomposites. The X-Ray diffractograms are obtained using Bruker D8 Advance 
diffractometer. The crystalline phases are identified using the Joint Committee on Powder 
Diffraction Standards (JCPDS) files. The mean particle size (L) of gold nanoparticles is 
determined from the line broadening reflections, using the Scherer equation. The calculations are 
done using FIT computer program [1]. 

Also we use Small-angle x-ray scattering (SAXS) to calculate the distance between silicate 
layers. 

REFERENCES 
[1] V. Petkov, N. Bakaltchev, J. Appl. Crystallography 23 (1990) 138-140. 

 
T. Cholakova, V. Chitanov, L. Kolaklieva, R. Kakanakov 
Central Laboratory of Applied Physics – BAS, Plovdiv, Bulgaria 
Study of the mechanical properties of Ti- and Cr-based multicomponent hard coatings 
Hard coatings based on Ti and Cr nitrides are widely used as protective coatings.  Films 

based on the Ti-Cr-N system have also been deposited using a variety of deposition methods in 
order to improve the hardness and oxidation resistance. Further improvements in nitride coatings 
have been sought using coatings based on the quaternary Ti-Al-Cr-N system. These films have 
demonstrated improved hardness and thermal stability, oxidation resistance and exhibit lower 
friction and wear. However, as these coatings become more complex and the number of possible 
compositions increases dramatically, it is important to understand the role of each element in 
order to optimize the final composition, which determines their mechanical and tribological 
properties.  

The objective of the present study is to establish optimal technological regimes which 
provide stable mechanical properties of the system “substrate - multicomponent coating”. Ti-Cr-
N and Ti-Cr-Al-N coatings were deposited onto high-speed steel (HSS) substrates using UDP850-
4 closed-field unbalanced magnetron sputtering system equipped by four rectangular cathodes 
with high purity (99,99%) targets:  one Cr, one Ti and two Al. Firstly, an adhesive Ti or Cr layer 
was deposited. After that a TiN or CrN transition layer was deposited by a gradually increase of 
the nitrogen flow. A smooth transition to the main coating structure was realized by a 
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compositionally graded Cr-Ti-Al-N layer. The relative concentration of Cr, Ti and Al in the 
coatings was adjusted through the sputtering power applied to the targets during deposition. 
Coating thickness measurements were performed by the Calotest method and the calculated total 
thicknesses were in the range of 1.0 - 2.3 µm. The mechanical properties of the coatings were 
investigated using Compact Platform CPX (MHT/NHT) CSM Instruments equipment. 
Nanoindentation was performed by a triangular diamond Berkovich pyramid in the loading 
interval of 10 - 200 mN. The nanohardness and elastic modulus were determined by the Oliver & 
Phar method. Micro-scratch tests for the coating adhesion and friction coefficient determination 
were done using a spherical Rockwell indenter with a radius of 200 μm at normal force, 
progressively increasing from 1 N to 30 N. 

The study revealed strong dependency of the mechanical properties on the nitrogen flow 
rate. The coatings based on Ti-TiN-TiAlCrN and Cr-CrN-CrTiAlN possessed a hardness and 
elastic modulus of about 25 ± 2 GPa and 355 ± 30 Gpa, respectively, at a nitrogen flow rate of 21 
sccm. Further, increase of the N2 flow rate caused decreases the coating hardness. 

The results of the scratch tests showed different states of adhesion of these coatings to the 
HSS substrate. Because of the lattice mismatch effect and different coefficients of thermal 
expansion, the ceramic coatings on metal substrates contain various defects such as cracking 
within the ceramic coating layer, plastic deformation in the metal and delamination at the 
interface between the coating and substrate. The obtained multicomponent Cr-CrN-CrTiAlN 
coatings demonstrated excellent adhesion in the loading interval from 1N to 30N and a low 
coefficient of friction (µ= 0.1), while the Ti-based coatings had worse adhesion expressed by a 
presence of a critical load Lc1 in the loading of 12-18 N. The measured coefficient of friction for 
these coatings was in the range of 0.1- 0.2. 

 

D. M. Danchev, V. M. Vassilev, P. A. Djondjorov 
Institute of Mechanics – BAS, Bulgaria 
Analysis of susceptibility in a system with Neumann - plus boundary conditions 

The behavior of the local and total susceptibilities in a system bounded by different surfaces 
is considered in the framework of the Ginsburg-Landau model. More precisely, a system with a 
plain geometry and Neumann-infinity boundary conditions is considered. Exact analytic 
expressions for the order parameter, local and total susceptibilities in such a system are 
presented. They are used to analyse the phase behavior of fluids confined in narrow regions close 
to the bulk critical point of the respective infinite system. 
 

M. Datcheva, R. Iankov, R. Zaharieva, N. Nikolova 
Institute of Mechanics – BAS, Bulgaria  
Thin film material properties identification via nanoindentation and numerical 
simulations 
Recently, nanoindentation technique is gaining importance in determination of the 

mechanical parameters of thin films and coatings. Most commonly, the instrumented indentation 
data are used to obtain two material characteristics of bulk materials: indentation modulus and 
indentation hardness. In this paper the authors discuss the possibility by means of numerical 
simulations of nanoindentation tests to obtainedthe force-displacement curve employing various 
constitutive models for both the substrate and the coating. Examples are given to demonstrate 
the influence of some features of the numerical model and the model assumptions on the quality 
of the simulation results. The main steps in creation of the numerical model and performing the 
numerical simulation of nanoindentation testing process are systematically studied and explained 
and the conclusions are drawn. 

 
G. Dobrev, Al. Popov 
Institute of Mechanics – BAS, Bulgaria 
Wohler‘s curves in fatigue theory and ultrasonic 
In this paper, the NDE of the Wöhler’s  curve for fatigue limit is considered. The mechanical 

characteristics, Young’s modulus and relative contraction are evaluation by means of acoustics 
characteristics of materials. 
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J. Ivanov, Al. Popov 
Institute of Mechanics – BAS, Bulgaria 
Relationship between parameters of tempering and eddy current testing of carburized 
parts 
The process of low-temperature tempering has been studied by eddy current testing and 

measuring the hardness HRC at a constant temperature as well as at increasing temperature and 
duration. Technological factors of tempering were considered in their interdependence, according 
to the Hollomon-Jaffe equation. It has been argued that the factor levels, temperature and 
duration, are determined by the carburization and quenching results. Eddy current testing has 
been introduced as an indicator of quality with high sensitivity to changing technological factors; 
it has integral importance in terms of structural changes and electromagnetic properties of the 
parts. Hardness and electromagnetic characteristics, as indicators of quality after low-
temperature tempering, were presented as a function of the tempering parameter Pa. 

 
Y. Ivanova1 2, T. Partalin2, L. Lakov2 
1 Sofia University, Bulgaria 
2Institute of Mechanics – BAS, Bulgaria 
Airborne sound insulation of new composite wall structures 
Protection against noise is one of the essential requirements of the European Construction 

Product directive. In buildings, airborne sound insulation is used to define the acoustical quality 
between rooms. In order to develop wall structures with optimal sound insulation, an 
understanding of the physical origins of sound transmission is necessary. To develop a kind of 
knowledge that is applicable to the improvement of real walls and room barriers is the motive 
behind this study. 

The purpose of the work is, firstly, to develop measurement methodology and study the 
sound insulation of new composite wall structure and secondly, to compare the validity of existing 
physical models to predict the sound insulation. 

 
E. Karteva, N. Manchorova, D. Pashkouleva*, St. Vladimirov 
*Institute of Mechanics – BAS, Bulgaria 
Effect of post type on the fracture resistance of endodontically treated premolars 
Endodontically treated teeth (ETT) are more susceptible to fracture during mastication. The 

aim of our study was to investigate the fracture resistance of premolars, restored with different 
techniques. Eighteen human premolars, extracted for orthodontic or periodontal reasons, were 
used. Mesio-occlusal cavities were prepared on all of them. They were divided into 3 groups 
according to the restoration method: with a cemented fiber post (FP), with a cemented metal post 
(MP) and without a post, but restored with a fiber reinforced composite core (FRC). After 
thermocycling, their fracture resistance was evaluated in a standard testing machine. The results 
were analyzed with one-way ANOVA and Tukey Honestly Significant Difference (HSD) tests 
(p<0.05). The fracture modes were also determined. The MP group showed the lowest fracture 
resistance rates and the highest number of unrestorable root fractures. In conclusion, teeth 
restored with FRC cores or FP show better survival rates than those restored with metal posts. 

 
M. Kirilova, D. Pashkouleva 
Institute of Mechanics – BAS, Bulgaria 
Practical recommendations for application of hernia meshes 
Introduction. The mesh deformability is important factor for the outcomes of hernia repair. 

The impact of abdominal size and intra abdominal pressure (IAP) on the stress generated inside 
the human abdomen lead to theoretical tensile stress between 10.5 N/cm in a normal weight 
female with an IAP of 20 kPa up to 47.8 N/cm for obese male patients with an IAP of 30 kPa. On 
the basis of the obtained theoretical tensile stresses it was calculated that the strain developed in 
the inguinal canal at load 16 N/cm is between 10-30% . At load 22N/cm in cranial/caudal 
direction and 32 N/cm for lateral direction in human anterior wall the existing strain is 20-40% . 
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The aim of the study is to compare deformability of mesh samples with deformation of abdominal 
wall at physiologicalstress levels. 

Materials and methods. In order to evaluate the mechanical compatibility and load bearing 
capacity of  commercially available hernia meshes we compare deformability of mesh samples at 
stress levels 10N, 16N, 22N, 32N, 48N with deformation of abdominal wall and fascia samples at 
the same stress. The mechanical behavior of eight knitted meshes that represented light and 
standard meshes were investigated - (Surgimesh (SM), Surgipro (SP), Technomesh (TM)) 
(VyproII (VP), Parietex (PX), TiO2-mesh (TO), Ultrapro (UP), Optilene (OP)). Light meshes have 
density 35-70 g/m2 (TiO2Mesh, Parietex, Vypro II, Optilene, Ultrapro) while standard meshes 
Surgipro, Surgimech and Tecnomesh are with density 70-140g/m2. 

Results and discussion. The levels of deformability at chosen stresses were compared in 
every group of meshes and between groups. The meshes exhibited various degree of deformability 
- from 11.4% to 138%. Optilene, Vypro, Ultrapro and fascia have deformability at 10 N only. At 
higher stress they are stretched in one direction only because their maximum load is less than 16 
N. Because of mesh anisotropy the levels of deformability in both directions are between 2%-63%. 
The most anisotropic meshes are TM and SM – they demonstrated the difference between 
directional deformability 30% and 110% accordingly. The most suitable meshes for inguinal 
hernia repair is TiO2-mesh, because at 16 N their deformability is close to those of the human 
fascia transversalis. The meshes suitable for other type of abdominal hernia are Surgimesh, 
Surgipro and Technomesh. 

 
Ts. Kotsev 
Sofia University, Faculty of Mathematics and Informatics, Bulgaria 
Viscous flow around spherical particles in different arrangements 
Hydrodynamic interaction between two and three equal or different spherical particles was 

studied numerically for moderate Reynolds numbers. The spheres are immersed in a viscous fluid 
with uniform velocity parallel or perpendicular to the line connecting the body centers. The 
method used is FEM and the results are visualized in order to see the flow structure. Comparison 
both with numerical and experimental results for a single sphere was done when the downstream 
body is placed at a distance equal to 30 times the radius of the upstream sphere. When the spheres 
are arranged in line, the flow is axisymmetric while in the case when they are side by side three-
dimensional problem is considered. The drag and lift coefficients are calculated as functions of 
the flow velocity (Reynolds number) and the distance between the spheres. The results show the 
downstream spheres face a reduced drag compared to a single sphere and that the upstream one 
changes its drag coefficient according to the distance between the bodies. The growth of the drag 
coefficient of the upstream sphere may reach appr. 12% when the bodies are very close each to 
another and decrease with increasing the distance. In the case of side by side arranged spheres, 
an effect of repulsion could be seen up to a fixed separation distance and after that a weak pulling 
effect appears. The flow around spheres with different size is considered in the case when 
downstream sphere being in the wake behind the upstream one has twice less diameter. 

A new configuration of three (or more) spherical particles arranged in “V” formation was 
examined where one body is set to be a leading and the others are located symmetrically up and 
down behind it. The flow characteristics are studied when the angle behind the leading sphere 
vary from 450 to 1800. This configuration supposes stronger interaction between the bodies due 
to influence of the wakes behind first sphere to the downstream ones and to the lift forces 
appeared. 
 

Ts. Kotsev 
Sofia University, Faculty of Mathematics and Informatics, Bulgaria 
Unsteady density driven flow and contaminant modelling in Eleshnitsa tailing pond 
An attempt is done to model numerically the transport of dilute substance in Quaternary 

aquifer downstream of Eleshnitsa tailing pond. Increasing the concentration of the pollutant at 
the surface of the tailing pond leads to a density driven flow caused by the difference of the water 
density close to the surface and the bottom of the area. Darcy equation for the creeping subsurface 
flow is solved coupled with the unsteady equation of mass transfer in porous media. The flow area 
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is considered to be homogeneous, isotropic and the contaminant spreads only by advection and 
molecular diffusion.  At all boundaries there is a zero flux except a certain area at the surface with 
high substance concentration. The goal of the study is to predict time needed the pollution coming 
from the surface into Quaternary aquifer to reach the lower Neogene aquifer as well as the 
pollution concentration at the bottom of the area. 

 
O. Nitcheva, B. Milev, T. Trenkova, N. Philipova 
Institute of Mechanics – BAS, Bulgaria 
Kamchia watershed groundwater recharge assessment by the CLM3 model 
Estimating groundwater recharge is an important part of the water resources evaluation. 

While the other parts of the water-balance are more or less easily and directly measured the GW 
recharge in spite of the numerous existing methods remains an uncertain value to quantify. This 
is so because it depends on many meteorological, hydrogeological, soil type and cover conditions 
and the impossibility for direct measurement. Employment of hydrological models in fact directly 
calculate reflecting the influence of the above cited natural factors. 

The Climate Land Model (CLM3) being loaded initially with all land featuring data in global 
scale, including an adequate soil filtration process simulation by the Richards equation, together 
with the possibility for input of NCEP/NCAR Reanalyses database, featuring the meteorological 
effect, gives an opportunity to avoid the difficulties in GW recharge estimation. 

The paper presents the results of an experiment concerning GW recharge monthly 
estimation during 2013, worked out for the Kamchia river watershed in Bulgaria. The computed 
monthly and annual values are presented on GIS maps and are compared with existing 
assessments made by other methods. It is proved the good approach and the applicability of the 
method. 
 

N. Pesheva, St. Iliev, P. Iliev 
Institute of Mechanics – BAS, Bulgaria  
Wetting of doubly periodic rough surfaces in Wenzel’s regime 
In this work we present preliminary results from our numerical study of the shapes of liquid 

meniscus in contact with rough solid plates. The plate roughness is smooth, i.e., we consider 
doubly sinusoidal wave–like patterned surfaces and we focus on the Wenzel’s wetting regime. 
Using the full capillary model we obtain the advancing and the receding equilibrium meniscus 
shapes for a broad interval of values of the surface roughness factor. The contact angle hysteresis 
is obtained, and the effect of the contact line jumping mechanism on the value of the contact angle 
hysteresis is investigated. The numerical results are compared to previously obtained 
experimental results, showing a good agreement for the chosen values of the parameters, 
characterizing the rough surface. 

 
A. Stefanova, I. Zheleva, M. Filipova, I. Tsvetanova 
Ruse University, Bulgaria 
Investigation of the possibility of RO – BG transborder pollution for the days with 
registered exceedances of pollutant dust in the city of Ruse, Bulgaria 
The territory of Rousse is one of the areas in Bulgaria, where the ambient air is often 

contaminated in winter periods by dust particles. Every year during the winter period the 
automatic measuring station “Vazrajdane” in the city of Ruse register exceedances of the pollutant 
PM10 (particulate matter with a diameter between 2,5 and 10 μm). 

The sources of dust on the territory of Ruse are industry, transport and domestic heating. 
A significant part of industrial sources are concentrated within the Industrial zone of Ruse. 

The concentrations of PM10 in the ground layer of the atmosphere, emitted by the industrial 
sources in Ruse for the days with measured PM10 exceedances is  presented in this study  to 
determine the possibility of cross-border PM10 air contamination. 

The study is based on Gaussian jet model and on Lagrange statistical approach for 
description of the turbulent diffusion.  The calculated PM10 concentrations from investigated 
Ruse industrial sources, reaching the territory of Romania have low concentrations and do not 
have impact on air quality in Ro-BG cross-border area. The results indicate also that during the 
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winter periods the industrial PM10 ambient air contamination in Ruse area is much less than the 
transport and domestic heating PM10 ambient air contamination. 

 
M. Stoyanova1, Al. Kandilarov2, V. Koutev3, O. Nitcheva4 
1Agriculture Institute, Karnobat, Bulgaria 
2Neopterix Ltd, Plovdiv, Bulgaria 
3University of Forestry, Bulgaria 
4Institute of Mechanics – BAS, Sofia 
Potential of multispectral imaging technology for assessment coniferous forests bitten by 
a bark beetle in Central Bulgaria 
Much of the coniferous forest in Bulgaria is struck by Ips typographus, Ips acuminatus and 

Ips sexdentatus beetles. The multispectral camera test near the town of Kalofer, in August 2017, 
showed the good capabilities of remote-piloted aircraft for observation and mapping of large areas 
in highly intersected areas. The collected data from the multispectral camera allowed to produce 
maps with different indices of the observed vegetation. Beetles damaged stains were identified 
and outlining the areas of intervention and their sizing is possible by forestry specialists. 

The NDVI index in the range of 0.7 to 0.95 characterizes green tree vegetation. Affected 
forest subjected to stress has lower NDVI index values - 0.65.The NDVI index of damaged areas 
range from 0.45-0.5  

Identifying affected forest areas is the first important step to solve the problem. Taking 
pictures of drones and multispectral camera can be of great help, and the test conducted clearly 
demonstrates it. Preventive actions can happen much earlier before trees are completely 
destroyed and the problem is clearly visible with the naked eye. In view of the rapid spread and 
the complete destruction of some conifers, immediate action is needed to cut out and remove the 
diseased and infected trees in order to break the development cycle and prevent subsequent 
contamination of adjacent plots. 
 

I. Tsvetanova, I. Zheleva, M. Filipova, A. Stefanova 
Ruse University, Bulgaria 
Statistical analysis of ambient air PM10 contamination during winter periods for Ruse 
region, Bulgaria 
Statistical analysis of ambient air PM10 (particulate matter with a diameter between 2,5 and 

10 μm) contamination during winter periods for Ruse region, Bulgaria is presented. 
The sources of dust on the territory of Ruse are industry, transport and domestic heating by 

solid fuel. 
PM10 levels marked a significant increase during the autumn-winter period compared to 

spring-summer levels There is a direct relationship between PM10 contamination levels and 
ambient air temperature. The reason for this is the low air temperatures which is causing the 
population massively to use of solid fuel stoves for heating. The lower the temperatures are, the 
higher the PM10 levels are. The biggest peak for the autumn-winter period is usually observed in 
January months. It is in January that the number of days in which there is exceedance of the limit 
values of the PM10 levels is maximum observed. The reason for this is that in January the day and 
night temperatures are the lowest and usually they do not pass 0° C  for many days of the month. 

This paper deals with comparisons of the measured PM10 values and the respective 
temperatures measured for January months for different years. Also descriptive statistics of PM10 
and atmospheric characteristics are calculated and commented. 

 
V. M. Vassilev, Sv. Popov 
Institute of Mechanics – BAS, Bulgaria 
Vibration and stability of double-wall carbon nanotubes conveying fluid 
The paper is concerned with the dynamic behaviour of double-wall carbon nanotubes 

conveying fluid. The equations of motion of such a ”nanopipe” used for the purpose are based on 
the classical linear model of Bernoulli-Euler elastic beams, several extra terms being added to take 
into account the van der Vaals interaction forces between the inner and outer nanotubes and the 
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impact of the conveyed fluid. The eigenfrequencies of the tubes are studied, depending on the 
velocity of the fluid flow, which is assumed to be constant. Critical velocities are obtained for 
which a double-wall nanopipe loses stability, performing oscillations with increasing amplitude 
(dynamic loss of stability). The conditions for the occurrence of the so-called static loss of stability 
are determined as well. 

 
V. M. Vassilev, D. M. Danchev, P. A. Djondjorov 
Institute of Mechanics – BAS, Bulgaria 
Analysis of susceptibility in a system with Neumann - Neumann boundary conditions 
The behavior of the local and total susceptibilities in a system bounded by different surfaces 

is considered in the framework of the Ginsburg-Landau model. More precisely, a system with a 
plain geometry and Neumann - Neumann boundary conditions is considered. Exact analytic 
expressions for the order parameter, local and total susceptibilities in such a system are 
presented. They are used to analyse the phase behavior of fluids confined in narrow regions close 
to the bulk critical point of the respective infinite system. 
 

P. Yukhymets, O. Gopkalo, O. Gopkalo 
Paton Electric Welding Institute of NAS of Ukraine 
Residual life of damaged T-joint 
In this study was made the attempt to evaluate the residual life of the T-joint with volumetric 

surface defect (VSD) located in areas opposing branch or along the perimeter of its adjunction to 
the header pipe. Based on a series of calculations of the stress-strain state (SSS) by the finite 
element method (FEM) and cyclic tests of full-scale sample the engineering methodology for 
assessment of fatigue strength of damaged straight pipeline was amended. This allowed to carry 
out a conservative estimate of the residual life of T-joint. 
 

I. Zheleva, I. Georgiev, M. Filipova 
Ruse University, Bulgaria 
Identification of the influence of the heating upon the heat transfer during pyrolysis 
process used for End-of-Life tires treatment 
End-of-Life tires (EOLT) are waste that practically does not decompose in nature and 

because of this their sound treatment is needed for environment protection. One of the possible 
methods for such a treatment is pyrolysis process. Thus pyrolysis is an opportunity to solve the 
ecological problems related to the accumulation of large quantities of end-of-life tires. 

Pyrolysis is a chemical process that takes place without the presence of oxygen. Pyrolysis 
differs from the combustion process due to the lack of waste products. 

Globally, around 23% of all EOLT are processed through pyrolysis, whereas in the Republic 
of Bulgaria this percentage is much smaller - only 5%. This shows that for Bulgaria this method 
still has a good potential for development and further research. 

In Republic of Bulgaria there are several pyrolysis stations working for treatment of end-of-
life tires but their management is predominantly manual and therefore not efficient. Because of 
this the theoretical examination of the temperature regimes in that kind of stations is needed. In 
our previous paper an adequate mathematical model of non-stationary heat transfer during 
pyrolysis used for the treatment of end-of-life tires has been developed. A numerical algorithm 
has been also developed in MATLAB to solve the respective mathematical initial and boundary 
value problems. 

In this study we examine the temperature regimes in the pyrolysis station with three 
cameras and their strong dependence upon the characteristics of the initial heating. Results for 
the temperature fields, temperature isolines and gradients for different kind of initial heating of 
the process are presented and commented. 
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I. Zheleva, E. Veleva 
Ruse University, Bulgaria 
Statistical modeling of particle mater air pollutants in the city of Ruse, Bulgaria 
The city of Ruse is situated in the north-eastern part of Bulgaria. The northern boundary of 

Ruse region goes along the Danube river valley and coincides with the state boundary of the 
Republic of Bulgaria and the Republic of Romania. The climate of the region of Ruse is temperate 
continental, characterized by cold winters and dry, warm summers. Spring and autumn are short.  

Recently it becomes clear that the mean values of the temperature in Ruse region are slightly 
goes up for the last 40 years and they are bigger than the mean temperature for Bulgaria. This 
could be a proof for climate change and warming in Ruse region of Bulgaria. Analysis of 
atmospheric characteristics show that the most variable atmospheric parameter is air humidity 
during the spring seasons. The hardest change of temperature and atmospheric pressure is during 
winter. Temperature has biggest change in winter and smallest - in summer. Humidity has biggest 
change in spring and smallest - in autumn. Atmospheric pressure has biggest change in winter 
and smallest - in summer. 

Air pollution especially by particle matter less than 10 micrometers in diameter (PM10), 
which in Ruse region is going up recently, maybe affects temperature, atmospheric pressure and 
humidity. All this in our opinion may be a reason for the increase in average temperatures 
nowadays for Ruse region. 

This paper is devoted to examine the PM10 pollution in Ruse region. It presents a statistical 
analysis and modeling of the level of PM10 air pollution in Ruse using data from three monitoring 
stations in the city. The measurements cover the period since 2015 up to now. The results are 
compared with similar studies conducted for other cities or regions in Bulgaria. 
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