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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 ynpyronjaactMyeckoro Tena.// MaTtemaTtnyeckoe
MmogennposaHue PAH, 2017, Tom 29:11

- Integro-interpolation method(lIM)

3amueB M.A., Fonba6epr C.M. MaTematmyeckoe

MOZENIMPOBAHME B3aUMOAENCTBUS JETOHMPYOLMX Cpel C YNpyrumum
o6ono4ykamu // Matematnyeckoe moaenuposaHue PAH, 1. 5 N 6,1993 r.,c.56-68.

BakmpoB M.B., 3anueB M.A., ®ponos U.B., Matematmyeckoe
MoJenupoBaHWe NpPoLeccoB MAEHTUPOBAHUA Cepbl B YNpyronjaacTuyeckoe
NONYNPOCTPaHCTBO, 3aBoAcKaa fabopatopusa, 2001,67(1), 37-47.

- Finite difference method(FDM)

B.A. MNeTywkoB, M.A. 3anueB Peakuma ynpyroro tena Ha
BbICOKOCKOPOCTHOE YZlapHOE Harpy»KeHWe KaneabHoM cpesou,
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.5f());
s=s-dt2*(2.0*mu*symm(gradU)+lambda*l*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.



Space and time stencils

Cell B (Backward)

. cell variables

face variables

== Face Normal: meshSf

Cell F (Foward)




Cell computations( Phase 1 & 3)
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Face computations
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Integro-interpolation method(lIM)
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NBPA3,1993,c.1-18.

3anueB M.A.,lonbabepr C.M. MaTeMaTMyeCKOE MOJENMPOBAHME B3aMMOAENCTBUS
AETOHUPYIOLWMX Ccpej C yNpyrimu obonodkamu // Matematnyeckoe mogenuposaHme PAH, 1. 5 N

6,1993 r.,c.56-68.

Bakmpos M.B., 3anueB M.A., ®ponos U.B., MaTeMaTMyeckoe MoaeMpoBaHMe
NpoLLeccoB naeHTUpoBaHMA cdepbl B ynpyronaacTMyeckoe noaynpocTpaHCTBO, 3aBOACKanA
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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.Sf() & 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., MaTemaTMYECKOE MOJE/IMPOBaHME HECTALMOHAPHBIX 33ay
JBUKEHWS CNIOLWHOM cpefibl MeTooM Kabape ¢ ucnonb3oBaHuem CMO OpenFOAM, ,«OTKPbITAA
KOHO®EPEHUMA UCN PAH MM. B.M. MIBAHHMKOBA~», Mockea, 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., Kapa6acos C.A., Cxema Kabape ana  3agay gedpopmmpoBaHus
ynpyronaactuyeckoro Tena.// Matematnyeckoe mogenmposanue PAH, 2017, tom 29:11



Advanced structural materials
development(FDM)

; n+1 n n—1 At 3 n n n
P s e, 1 e A m+A —1,m +
+2G (azur + 1 aur ur + 3zuz ) + G( azuf azu,) p anur Ar,m 2Az,m Al,m —|—(AT) [(AH- i 2 1, =ty )
* ) arr  r ar r*  oroz 0zt drodz ot G G T eyl Ao, diy i
hie (Al,m+i 2A1,m+Az,m—1) o (AlTi,m !—1,m)
a*u, i I 8u,. 90 £ r2G Az 21
(M—ZG)(- :
9z  0zor . By . » n
0z ¥ —iA,,m-l-—i—('l _———G )(A—) (B,_,_l_m.,_i—B;.H,m—n"“Bx—Lm-}-i’i‘B:—i,m—i)]s
) R f B TR 0*u, I 4 AH2G Az
+G( o @zar r 9z r or ST VR, S g +(At)z[(B" = e iy )(-A—r)z+
Lm = 2 t,m— .m A_TT m+1 r,m I,m—1 AZ
1 G Ar & 5 1 G Ar
sy e e iy I,m—1 A T — X
T (j 7H-2G)(Az) g Aimtl o (1 A 26 )(Az)
n n n G n n !
X(A?+1,m+:*i4l+1,m—Al-1,m+1+A171,m—1)+ ?L+2G (Bl+1,m_2BI,m+Bz—1,m)] 3

e A=u,/R,, B=u./R,, A"=A (nAt), NAt=rt, 0<n<N.

510

-3 I

5/ ﬁ:,f; a'
Lt

-5l

24
]

S —

02 04
j";

ik
Ko

Geometry and boundary condition Applied external pressure Radial stress versus time

B.A. Metywkos, M.A. 3akueB Peakumsa ynpyroro Tefla Ha BbICOKOCKOPOCTHOE yAapHOe HarpyKeHue
KanesibHoM cpeaon, MalmnHoBeaeHue,1989,42-48
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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 (lIM, Cabaret)
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Heat transfer intensification structures
development(Cabaret)

L7
“

J
3
)
:t
)
9.
W

!"‘"
“b

e
-
.

¢
‘!

47x10° cells - RED
13.1x10° cells - GREEN
4.5 x106 cells -BLUE
Experiment - BLACK

1] 1 1 1

0 20 40 60

80

=

[a= s s QT ENGY

D= Wk Bomm~®

W om B

Axial velocity comparison
for swirl, y/p=0.5 and
z=0.5Dh with different
meshes (grids =4.5, 13.1,
and 47x106¢ cells).

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)

- AT A

N S EnaRs AunnwEn o

P

TEHH *% RaEEE

i R A,

N pas =N

tim e=0.00809999979537679
e ——— ——.. — -
- '

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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Computational Mathematics and Mathematical Physics, 2018,58,11,1804-1816



Micro swimmer motion investigation
results(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

C Rorai, M Zaitsev, S Karabasov, On the limitations of some popular numerical models of flagellated
microswimmers: importance of long-range forces and flagellum waveform,Royal Society open
science,2019,180745



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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