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Unsteady motion of continuous flows

Phenomena an processes under consideration:

« Nonuniform initial media condition

» Unsteady boundary condition

» Evolution of boundary

* Heat release and evolution of gas components during chemical
reactions

» Buckling of solid media, instability of gas and fluid



Application

Advanced structural materials development

Flameproof structures development

Deep water pipeline design

Definition of mechanical properties using hardness
measurements data

Heat transfer intensification structures development
Thermal loading analysis of turbulent mixing flow in pipeline
design

Jet gas flow investigation

Micro swimmer motion investigation



Purpose of numerical studies

Development and adaptation of methods, algorithms for
solving relevant 2D-3D boundary problems

Program development for different program media and
databases

Mesh generation development for high efficiency parallel
computation

Numerical solution of real practical problems



Scientific innovativeness

Cabaret scheme for computational modeling of linear elastic
deformation problems

Mathematical Modelling of Flagellated Microswimmers
Cabaret method program release in OpenFOAM program media
Cabaret method program release using CGNS database



Numerical studies applied methods

- Cabaret method for elastic media(Cabaret)

3amueB M.A., Kapabacos C.A., Cxema Kabape ans 3ajau4
AedopMUPOBaHMA ynpyroniactMyeckoro Tena.// MaTtematmnyeckoe
mogennposaHue PAH, 2017, Tom 29:11

- Integro-interpolation method(lIM)

3amueB M.A., lonbabepr C.M. MaTematmyeckoe

MOJENIMPOBAHME B3aUMOJAENCTBUS JETOHUPYOLMX Cpel C YNpyrumum
o6ono4kamu // Matematnyeckoe moaenuposaHme PAH, 1. 5 N 6,1993 r.,c.56-68.

BaknpoB M.b., 3anueB M.A., ®ponoB U.B., MaTtemMaTunyeckoe
MoenupoBaHWe NpPoLeCcCcoB MAEHTUPOBAHUA Cepbl B YNpyronjiacTUyeckoe
NONYNpOCTPaHCTBO, 3aBoAcKaa fabopatopusa, 2001,67(1), 37-47.

- Finite difference method(FDM)

B.A. MNeTtywkoB, M.A. 3anueB Peakums ynpyroro tesa Ha
BbICOKOCKOPOCTHOE YapHOE Harpy:eHue KanesibHoM cpejfoum,
MawmnHoBeaeHne,1989,42-48

- Finite element method(FEM)

S. A. Karabasov M. A. Zaitsev, Mathematical Modelling of Flagellated
Microswimmers, Computational Mathematics and Mathematical Physics,
2018,58,11,1804-1816



Mathematical modelling of unsteady problems using the
CABARET (case for elastic media)
momentum equation
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p - density; u, v, w velocity components; X, v, z
coordinates; o;-componets of Cauchy stress tensor.

OpenFOAM formulation for time step dt2:
u=u-dt2*fvc::surfacelntegrate(ss & mesh.5f())/Rofon;

ss - stress tensor defined at faces(surfaceTensorField ss);
Rofon - density

mesh.Sf() - face vector



Equation of state
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A,u - Lame constans of elastic media;

OpenFOAM formulation for time step dt2:

volTensorField gradU = fvc::surfacelntegrate(us*mesh.Sf());
s=s-dt2*(2.0*mu*symm(gradU)+lambda*I*tr(gradu));

s - stress tensor in cells;

us - velocity vector in faces(surfaceVectorField us);

lambda, mu - Lame constans



Eigen values

Plane problem in X direction
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Invariants
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Eigen values are equal positive and negative values of
longitudinal and transverse wave velocity. Zero eigen value
is for Y-direction stress invariant.



Cell B (Backward)

Space and time stencils

Cell F (Foward)

ﬁ cell variables

‘ face variables

== Face Normal: meshSf

OpenFOAM formulation:
Time loop

Phase 1;

Phase 2;

Phase 3;

Loop end

Phase 2 is external function.
Boundaries are OpenFOAM
codedMixed type.



Cell computations( Phase 1 & 3)
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Face computations

c - invariant value, | - distance
to opposite face, indices b u f
are for backward and forward
face invariant value, cb u cf are
for backward and forward cell
invariant value, csb n csf are
for backward and forward cell
invariant value on intermediate
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Integro-interpolation method(lIM)
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Apo6biweBckui H.U.,3anueB M.A.,dunnunos A.C., KOHEYHO-31EMEHTHOE TEMNJ/I0BOro
M MEXAHUYECKOro BO3JENCTBUS HA OGBEKTbI M KOHCTPYKLMM aTOMHOM TEXHMKU. TpenpUHT
MBPA>,1993,c.1-18.

3anueB M.A.,Tonbabepr C.M. MaTeMaTM4YECKOE MOJENMPOBAHME B3aMMOAENCTBUS
AETOHUPYIOLMX Cpej C yNpyrumMm obonovkamu // Matematmyeckoe mogenvposaHue PAH, 1. 5 N
6,1993 r.,c.56-68.

Bakmpoe M.b., 3anueB M.A., ®ponos U.B., MaTeMaTMyeckoe MoaeIMpoBaHME

NpoLEeCcCoB MAEHTUPOBaHMA cepbl B yNpyroniacTuyeckoe noJynpoCTpaHCTBO, 3aBOACKasA
nabopatopus, 2001,67(1), 37-47.



Cabaret method program release in
OpenFOAM program media

Elastic media

OpenFOAM formulation for time step dt2:

volTensorField gradU = fvc::surfacelntegrate(us*mesh.5f());
s=s-dt2*(2.0*mu*symm(gradU)+lambda*I*tr(gradu));

s - stress tensor in cells;

us - velocity vector in faces(surfaceVectorField us);

lambda, mu - Lame constans

Linear compressible fluid
p=p-dt2*rss*fvc::surfacelntegrate(mesh.5f() & us);
u=u-dt2*fvc::surfacelntegrate((mesh.Sf() & us)*us+ps*mesh.Sf()/Rofon)
+dt2*fvc::laplacian(nu, u)+g*dt2*t;

3anueB M.A., Kapa6acos C.A., MaTemaTUYECKOE MO/IE/IMPOBaHME HECTALMOHAPHBIX 33ay
JBUKEHWS CNIOLWHOWM cpeibl MeToloM Kabape ¢ ucnonb3oBaHuem CIMO OpenFOAM, ,«OTKPbITAA
KOHO®EPEHUMA UCM PAH MM. B.TM. IBAHHMKOBA~», MockBa, 2017 r.



Cabaret method program release using
CGNS database

- Cabaret method program release using CGNS database
CGNS 3.21 for moving mesh.

- Base of CGNS 3.21 format are HDF5 utilities.

- Parallel computation initial data preprocessor core is
metis algorithm

- Metis utilite output are node and cell arrays for
processors.

- CGNS “Base” subdirectory for each processor has “ZAlxx “
name. Subdirectory contains mesh information, boundary
conditions number including processor interface data.

3anueB M.A., Kapabacos C.A., Cxema Kabape ana  3agay gedpopMmpoBaHus
ynpyronaactuyeckoro Tena.// Matematunyeckoe mogenvposaHue PAH, 2017, tom 29:11



Advanced structural materials
development(FDM)
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Geometry and boundary condition Applied external pressure

Radial stress versus time

B.A. MeTywkos, M.A. 3alueB PeaKkuus ynpyroro Tefla Ha BbICOKOCKOPOCTHOE YAapHOE HarpyeHue
KanesibHoM cpeaor, MalmHoBeaeHue,1989,42-48



Flameproof structures development(lIM)
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Deep water pipeline design(lIM)
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Definition of mechanical properties using
hardness measurements data (IIM, Cabaret)
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Heat transfer intensification structures
development(Cabaret)
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Goloviznin, V.M., Zaitsev, M.A., and Karabasov, S.A. , A HIGHLY SCALABLE HYBRID MESH CABARET

MILES METHOD FOR MATIS-H PROBLEM, CFD for Nuclear Reactor Safety Applications (CFD4NRS-4),
South Korea, September 2012.



Thermal loading analysis of turbulent
mixing flow in pipeline design(Cabaret)

Goloviznin, V.M., Zaitsev, M.A., and Karabasov, S.A. , A HIGHLY SCALABLE HYBRID MESH CABARET
MILES METHOD FOR MATIS-H PROBLEM, CFD for Nuclear Reactor Safety Applications (CFD4NRS-4),
South Korea, September 2012.



Jet gas flow investigation(Cabaret)
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Faranosov G.A., Goloviznin V.M., Karabasov S.A., Zaitsev M.A., Kondakov V.G., Kopiev V.F. Cabaret
method on unstructured hexahedral grids for jet noise computation // Computers and Fluids. 2013.
88. 165-179.



Micro swimmer motion investigation(FEM)
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S. A. Karabasov M. A. Zaitsev, Mathematical Modelling of Flagellated Microswimmers,
Computational Mathematics and Mathematical Physics, 2018,58,11,1804-1816



Micro swimmer motion investigation
results(FEM)
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Conclusions

« (Cabaret scheme for computational modeling of linear elastic
deformation problems was proposed.

« Mathematical Modelling of Flagellated Microswimmers algorithm
based on FEM method was proposed.

« Detailed numerical studies in areas of advanced structural materials
development, flameproof structures development, deep water
pipeline design, definition of mechanical properties using hardness
measurements data, heat transfer intensification structures
development, hhermal loading analysis of turbulent mixing flow in
pipeline design, jet gas flow investigation, micro swimmer motion
investigation were conducted.
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