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Federal State Budgetary Institute of Science, the Institute of Mechanics and Engineering, Kazan Scientific Center, Russian Academy of Sciences, holds a regular scientific seminar "Problems of Continuum Mechanics". The Chairman of the Seminar is the Director of the Institute, the Corresponding Member of the Russian Academy of Sciences D.A. Gubaidullin. Problem reports and dissertations of Institute researchers and scientists from other organizations are presented and discussed at the Seminar. 
Reports on the achievements in the fields of thin-walled structures nonlinear mechanics, hydroaeroselastic and wave systems, dynamics of multiphase multicomponent media in porous structures and procssing units; non-linear stability theory of control systems with changeable structure were presented at the Seminar and Final Scientific Conference. Abstracts of the reports are presented below.
Final Scientific Conference reports
February 6, 2017 
D.A. Gubaidullin, A.A. Nikiforov (IME KazSC RAS)
Interaction of the acoustic waves with a multilayer medium containing bubbly liquid layer
The results of theoretical studies of the bubble layer impact on the acoustic waves penetration through a thin three-layer barrier at different angles of incidence are presented. Barrier consists of the polydisperse bubbly gel layer limited by the polycarbonate layers. It was found that the incidence angle has little effect on the character of the acoustic waves reflection and transmission coefficients in the frequency range "acoustic opacity band" of bubbly gel.
D.A. Gubaidullin, R.N. Gafiyatov (IME KazSC RAS) 
Interaction of the acoustic waves with a medium containing multigrade bubbly liquid layer
A mathematical model determining the reflection and transmission of acoustic waves through the medium containing a multigrade bubbly liquid layer is presented. The influence of the bubble layer thickness and the bubbles vapor concentration is shown. It is found that for the bubbly water layer the theoretical relationship of the transmission coefficient is in reasonable agreement with known experimental data.
D.A. Tukmakov (IME KazSC RAS)
Numerical research of coagulating polydisperse gas-suspensions flows 
Mathematical modeling of the shockwaves processes in gas-suspensions has revealed that when passing a shock wave from pure gas to the gas-suspension, the site with the increased average density of a disperse phase appears and causes the delay of compression wave moving into dusty area. When compression wave passes from the dusty environment into pure gas the wave moves through pure gas.  Numerical calculations of the poly disperse aerosol model have shown that the impact on steam-drop flow of multi fractional structure by resonant wave fields allows to reduce fine fractions concentration due to coagulation of different fractions particles. 
D.A. Gubaidullin, Yu.V. Fedorov (IME KazSC RAS) 
Reflection and transmission of acoustic waves through a layer of two-phase medium
The problem of reflection and transmission of acoustic waves through a layer of two-phase medium is solved. A comparison between the wave reflection and transmission coefficients and known experimental data is presented.
D.A. Gubaidullin, P.P. Osipov, R.R. Nasyrov (IME KazSC RAS)
Particle drift in case of the resonator bottom wall rotational oscillations 
This numerical study considers the two-dimensional problem of the particles group drift in rectangular resonator standing wave induced by the bottom wall rotational oscillations at the first resonant frequency. It is shown that bottom wall rotational oscillations induce longitudinal waves, similar to waves induced by left wall cavity piston. Longitudinal oscillations cause an acoustic flow consisting of two Rayleigh and two Schlichting vortices.  Schlichting vortices don’t appear on the bottom wall. Maximum particle drift is observed near the boundary between vortices of Schlichting and Rayleigh.
D.A. Gubaidullin, R.G. Zaripov, L.A. Tkachenko, L.R. Shaidullin (IME KazSC RAS)
Nonlinear oscillations of the gas near a resonance in an open tube Theory and experiment 
We describe the results of experimental and theoretical study of gas nonlinear oscillations in an open tube near a resonance. Deformation of a gas pressure wave form on resonance frequency is observed. Dependences of peak-to-peak amplitude of gas pressure oscillations on frequency and piston displacement amplitude are constructed. Experimental data are in reasonable agreement with the analytical calculations.
D.A. Gubaidullin, P.P. Osipov, I.M. Almakaev (IME KazSC RAS)
Particles drift simulation in the acoustic resonator using CFD package
The particles drift in the acoustic resonator under the influence of viscous drag force using CFD package was considered. The velocity Changes harmonically at the first resonant frequency on the left bound of resonator. The four vortices of Schlichting inside boundary layer and four vortices of Rayleigh outside boundary layer were detected. It is shown that the maximum particles drift caused by the acoustic flow takes place within the vortices contact zone. The particles affected by own drift and acoustic flow begin to accumulate onto the resonator ends. The obtained results are in reasonable agreement with other authors' results.
A.A. Aganin, T.S. Guseva, L.A. Kosolapova, N.A. Khismatullina (IME KazSC RAS)
Cavity shape influence on its exposure to solid
Results of numerical study of cavity bubble small initial non-sphericity influence on its exposure to a solid of copper-nickel alloy are presented. The loading of solid is calculated by the finite element method combined with the CIP-CUP method while the solid dynamics is determined by the Godunov method.  The results show that qualitative features of the dynamic processes in the solid are slightly depended on the bubble initial non-sphericity.
D.Yu. Toporkov (IME KazSC RAS)
Strong vapor compression inside the spherical cavitation bubbles
Numerical study of shock waves possibility inside cavitation bubbles during their collapse in water, acetone, and tetradecane is performed. The bubble radius is 500 µm, liquid pressure is in range from 1 bar to 100 bar, liquid temperature is in range from 293 K to 313 K. The interphase boundary movement is calculated using the Rayleigh-Plesset equation. Vapor has the uniform distribution of the thermodynamic parameters and described using the modified Van der Waals-like state equation. The shock waves inside a bubble in tetradecane are found to arise in all the considered conditions, the waves do not appear at relatively low pressures in acetone, and never arise in water. 
T.S. Guseva (IME KazSC RAS)
Modeling of high-speed jet impact on a wetted wall
Some results of numerical modeling of a cylindrical liquid jet exposure with hemispherical end high-speed jet on the solid wall covered by a thin liquid layer are presented. The jet speed range is about 150-350 m/s. The CIP-CUP method is used combined with the adaptive Soroban-grid . It is shown that in the case of jet impact on a layer with a thickness on the order of 0.01 of the jet radius, the pressure profiles on the wall with a pronounced maximum on the periphery of the action area and the average pressure level are close to the case of the impact on a dry wall.
N.A. Khismatullina (IME KazSC RAS)
Calculation of linear waves in an elastic body using the Godunov method and its modifications 
Calculation results of the linear waves in an elastic body comparison using the Godunov method and its UNO- and TVD-modifications of the second order accuracy is presented.   One- and two-dimensional cylindrical Riemann problems are considered. It is shown that both modifications substantially better describe the longitudinal and shear waves and contact discontinuities compared with the classical Godunov method.  But exact satisfaction of the TVD property in the TVD-modification is reached by the “cutting” of the solution extremum, so the UNO-modification usage is more reasonable for their describing.
L.A. Kosolapova, V.G. Malakhov (IME KazSC RAS)
Numerical study of the cavitation bubble dynamics near the rigid wall in case of its extension and compression
The problem of cavitation bubble extension and compression near the wall in case of initial burst pressure is considered. A numerical technique based on the boundary integral equations method is used. The results are in reasonable agreement with known numerical solutions and experimental data. The effect of the initial distance from the bubble to the wall is investigated. It is shown that the cumulative jet arising in case of compression impacts onto a liquid layer; the layer thickness as well as the jet velocity grows with the increasing initial distance to the wall 
A.I. Davletshin (IME KazSC RAS)
Modeling of three-dimensional interaction of weakly nonspherical gas bubbles in liquid in an acoustic field
Equations describing three-dimensional interaction of weakly nonspherical gas bubbles in liquid in an acoustic field are presented, including surface tension, liquid viscosity and compressibility effects. These equations are more compact than known analogues, and their application is much more simple. Some examples of their use for calculating interaction of two, four, and six identical bubbles are given. 
M.S. Ganeeva, V.E. Moiseeva, Z.V. Skvortsova (IME KazSC RAS)
Numerical study of ellipsoidal reverse buckling disks nonlinear bending and stability under the liquid pressure and temperature
The reverse buckling disks nonlinear bending and stability have been studied. The reverse buckling disks represent the oblate ellipsoidal shells under the pressure of the heated or cooled compressed working environment on the convex side of the shells. The numerical results depending on the working environment temperature are obtained. Comparison between the studied ellipsoidal shells with the spherical segments having the same base and depth of pole over the base was carried out.
 
A.I. Malikov (IME KazSC RAS)
Synthesis of state observers and unknown input effects for nonlinear systems with indeterminate perturbations
The state observers and unknown input effects synthesis methods are proposed, providing the estimation error boundedness on a finite interval relative to the given a sets of initial states and admissible trajectories or initial displacement rejection and uncertain constrained in a norm external disturbances for nonautonomous continuous lipschitz nonlinear systems. These methods are applied to Rossler’s systems and drive with movement resilient gear. 
February 7, 2017
B.A. Snigerev (IME KazSC RAS)
Simulation of fluid flow and heat transfer in a turbulent gas-liquid flow
This work examines the modeling of non-isothermal turbulent bubble flow. Numerical simulation is based on the approach describing the two-fluid model with allowance for the effect of various interfacial interaction forces. The proposed technique for the numerical study of the polydisperse non-isothermal gas-liquid flows allows to obtain detailed information about the turbulent flows structures and bubbles size distribution.
I.V. Morenko (IME KazSC RAS)
Numerical simulation of the film flow over horizontal pipe surface
Numerical simulation of droplets motion and thin liquid film formation over horizontal pipe surface under isothermal conditions is carried out. Mathematical modeling of two-phase medium motion is based on the Lagrangian approach. The results of numerical calculations of the liquid film thickness over pipe surface are presented.
A.R. Siraev (IME KazSC RAS)
Modeling of polymer powder coatings spraying 
Polymer powder composition coating methods are considered. The mathematical model of spraying polymer particles on the processed surface (circular cylinder) has been developed. The cylinder rotation impact on coated polymer thickness, wind impact on particle trajectories have been investigated. The problem of powder particle deformation and impact is considered. The dependency of the particle deformation in time was revealed at the coating on the solid surface.
A.I. Nikiforov, R.V. Sadovnikov (IME KazSC RAS)
Parallel computations for the oil reservoirs water flooding problems using polymer dispersed systems
The algorithm of parallel computations with the MPI technology on multiprocessing computational systems is proposed for the solution of three-dimensional problems of oil reservoirs waterflooding using polymer dispersed systems. The computation region was divided into non-intersecting subregions with an equal number of cells (decomposition) in order to reduce the computation costs when computing permeability and porosity coefficients. The efficiency of the proposed parallel algorithm has been estimated.
A.V. Elesin, A.Sh. Kadyrova (IME KazSC RAS)
The layered heterogeneous formation absolute permeability identification under conditions of three-phase filtration on the single well measurements of yields 
The model problem of the layered heterogeneous formation absolute permeability identification under conditions of three-phase filtration on the single well measurements of yields is solved. The initial approximation choice and measurements of yields error influence on the problem solution is explored.
A.V. Tsepaev (IME KazSC RAS)
The development of the numerical methods of multiphase non-isothermal flow in the porous medium problems solving
The numerical algorithms have been developed and implemented for the problems of multiphase non-isothermal flow in the porous medium with oil-gas transitions . Model problem of hot water injecting into the reservoir was considered, energy conservation law (first law of thermodynamics) for the reservoirs was used, where the fluid and matrix temperature were considered equal. Densities were considered as fluid pressure and temperature functions. Equations systems were approximated by the control volume and were solved using Newton's method. Algorithms demonstrated high efficiency when solving on heterogeneous computing systems.
P.E. Morozov (IME KazSC RAS) 
Determination of the hydraulic fracture optimal parameters 
The formulas for the optimum half-length and width of fractures with rectangular and elliptical shapes are presented. It is shown that the effective radius of the hydraulic fracture with optimum conductivity is twice less than the effective radius of fracture with infinite conductivity.
V.R. Gadilshina (IME KazSC RAS) 
Interpretation of thermohydrodynamic research of thevertical wells with hydraulic fracture
A mathematical model describing the thermohydrodynamic processes in the "oil reservoir - hydraulic fracture” system is constructed. A method for determining the filtration and thermal parameters of the reservoir and fracture is developed. The curves of the bottomhole temperature and pressure are used as the initial information.
M.N. Shamsiev, A.A. Talipova (IME KazSC RAS)
Formation parameters and the bottom zone evaluation based on the results of vertical wells thermogasdynamic research.
Formulation and method for solving the inverse problem of interpretation of the vertical gas wells thermogasdynamic research results are proposed. It is shown that one can estimate the reservoir and the bottom zone parameters based on the results of well bottomhole pressure and temperature measurements after the start.
N.M. Yakupov (IME KazSC RAS), I.M. Tameev (Gazprom), S.N. Yakupov, R.G. Nurullin (IME KazSC RAS)
Experimental methods of complex geometry surfaces parameterization
The shells of complex geometry have especially effective characteristics of all thin-walled structures. Among the difficulties associated with the prevalence of complex geometry structures it is important to note the difficulty of manufacturing technology and the complexity of determining the stress-strain state. When using the spline variant of finite element method first step is the complex surface geometry parameterization problem solution. Experimental and theoretical methods of determining the geometric parameters of shells and three-dimensional objects of complex geometry are developed. 
N.K. Galimov (IME KazSC RAS)
About the definition of the thin circular membranes plastic deformation parameters
Plastic deformation parameters are determined based on the results of tests for thin circular membranes with clamped edges, undergoing normal pressure. According to the A.A. Ilyushin work, these parameters determine the nature of the membrane material deformation according to the formula that nonlinearly links the stress and strain intensities. The problem is solved using f the second order approach by the Bubnov-Galerkin method, the results are compared with other.
S.N. Yakupov (IME KazSC RAS)
The experimental-theoretical method for film to substrate adhesion study
Surface coatings can solve many problems of the constructions reliability, durability and safety. They provide protection and insulation of surfaces of products operating in different environments and under the different physical fields.  The experimental-theoretical approach of film to substrate adhesion specification was developed. It takes into account the lifting height and the dome basal part diameter, the material mechanical properties and film thickness. It is shown that the obtained results are reliable. The developed method is proved by the invention patent of the Russian Federation №2572673 - Yakupov S.N. The method of film to substrate adhesion specification  
S.N. Yakupov, L.U. Kharislamova (IME KazSC RAS)
Mechanics of composite membranes 
Thin composite structures (composites) are formed by a combination of two or more chemically dissimilar components. Required composite quality is provided by varying the structure and combining various mixes of material - design complex structure.   Physical fields and liquid medium effects can cause the changes of composite material mechanical properties. The study to determine the tensile stiffness of various composite structures, including composite mechanical properties changes when exposed to ultraviolet radiation or the liquid medium, is performed.
R.R> Giniyatullin, N.M. Yakupov (IME KazSC RAS)
Research of the sample immersion depth influence on corrosive deterioration under the ultraviolet radiation
Research of the sample immersion depth influence on corrosive deterioration under the ultraviolet radiation is performed, Sample immersion depth from 1 cm to 6 cm and from 3 cm to 7 cm was reviewed. Two-dimensional theoretical-experimental method was used to determine the mechanical characteristics of the samples exposed to corrosive deterioration. It is found that the stiffness of steel samples under the ultraviolet radiation in sodium hypochlorite solution decreases when immersion depth increases. It means that corrosive deterioration under the ultraviolet radiation increases when immersion depth increases.
N.M. Yakupov (IME KazSC RAS), A.A. Sharafutdinova (KSUAE), A.A. Ibragimova (KSUAE)
Flexible composite beams
Some of the historical aspects of the flexible beams usage were considered. To obtain the required stiffness properties the composite structures are used. Numerical study of stress-strain state of the console beams with one, three and seven layers depending on the concentrated load effect is performed. Beams of the complex structure along the beam axis were considered. The following material combinations were considered as alternating layers for multilayer (three- and seven-layer) beams: steel - polymeric compound, steel - aluminum, steel - copper, aluminum - polymeric compound, copper - polymeric compound. The analysis of the results and appropriate conclusions were performed.
N.M. Yakupov (IME KazSC RAS), Ch. F. Khazieva (KSUAE), A.Yu. Ebel (KSUAE)
Thin-layer panel with defect
The numerical study of stress-strain state of isotropic thin-walled panel under the tensile loads is performed. From the condition of symmetry half of the panel was considered, divided into three-dimensional elements. Panel without defect calculations are performed, as well as with defects in the central part: the through fault; the upper layer defect; the inner layer defect. The analysis of the results and appropriate conclusions were performed. It is found that the maximum longitudinal stresses occur in the case of non-through upper middle layer defects; slightly lower stresses occur in the case of through-defect.
Seminar reports
 April 20, 2016
 R.I. Bayanov  (IME KazSC RAS)
Numerical simulation of vapor-gas-droplet flow dynamics based on water vapor and methane in technological processes. On the basis of the dissertation in support of candidature for a technical degree, major 01.02.05 – mechanics of liquid, gas and plasma. 
Scientific supervisor - Doctor of Physical and Mathematical Sciences A.L.Tukmakov. Reviewers: Doctor of Physical and Mathematical Sciences P.P. Osipov, Candidate of Physical and Mathematical Sciences D.Yu.Toporkov.
Behaviour of the vapour-gas-droplets system in a technology of cryogen fuel gasification is studied. The flow regimes for vapour-droplets mixture forced by nonlinear acoustic waves and during a motion in channels with variable cross-section are found. The ranges of flow parameters are found when the phase transfer is observed.
May 18, 2016
A.A. Afanasyev (Institute of Mechanics Lomonosov Moscow State University).
Thermo-hydrodynamics of binary mixture filtration in problems of carbon dioxide underground disposal. On the basis of the dissertation in support of Doctor of Physical and Mathematical Sciences degree, specialty 01.02.05 – mechanics of liquid, gas and plasma. Scientific advisor - RAS Corresponding member  O.E. Melnik. Reviewer - Doctor of Physical and Mathematical Sciences, professor  A.I. Nikiforov.
The results of analytical and numerical study of non-isothermal flows in porous medium subject to underground carbon dioxide storage are presented. Asymptotic solutions of the self-similar Riemann problem describing supercritical carbon dioxide injection into an aquifer are discussed. Possible wave sequences propagating from the injection well into the formation is determined. Three-dimensional simulation of underground carbon dioxide storage in aquifers based on detailed geological data is performed. An overview of the filtration calculation software developed by the author is given.
September 14, 2016
A.M. Krivtsov (St.Petersburg Polytechnic University, Institute of Problems of Mechanical Engineering RAS)
Mechanics of discrete media and anomalous thermal processes
Methods and applications of discrete media mechanics are presented. Problems where continuity of the media is broken either due to its discrete structure, or due the nature of the occurring processes are considered. The anomalous thermal processes are considered in details: non-monotonic thermal relaxation, thermal superconductivity, and etc.  Approaches allowing an analytical description of these processes are presented. It is shown that heat propagation in such systems is performed at a speed close to the sound speed, which makes possible perspective practical applications.
October 05, 2016
S.E. Yakush (A. Ishlinsky Institute for Problems in Mechanics RAS) 
Multiphase flows upon superheated liquids explosive boiling 
Physical explosions resulting in shock waves following bursts of high-pressure vessels are considered. A model including a two-phase (boiling liquid) and single-phase (atmosphere) zones is developed. Thermodynamic equilibrium between the liquid and vapor phases is assumed for the two-phase mixture. Equations are solved numerically in the axisymmetric statement. Similarity analysis is performed for the overpressures as functions of the reduced distance, solutions for the boiling cloud expansion are compared with those for expansion of pressurized gas and shock tube solutions. Comparison with TNT explosions demonstrated lower efficiency of physical explosions from the energy point of view. Comparison of numerical results with full-scale experiments on propylene vessels bursts confirmed model validity  and its applicability to pressurized vessel hazard analysis.
If you are a specialist and would like to present your results at the seminar, please, send an application to IMM KazNC RAS. Contact address - gubaidullin@imm.knc.ru.
Damir A. Gubaidullin – the Director of IME KazSC RAS; the Corresponding Member of the RAS; the specialist in the field of mechanics and thermophysics of multiphase media.
