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*?? e Part 1
Direct computational
experiment

* Numeric objects and operations of mechanics
(continuum + corpuscular) ;

e Algorithmic and functional basis of digital
modeling;

* Control of the state and adaptation of
mathematical models of mechanics.
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0 | o 3D Tensor Mathematics

e | —all numerical objects are determined in dimension form;
|l —all computationsare context-dependent;

e |lIl —duality of local and world coordinate systems.

Stages:

> Euler stage (continuum).
calculation of fluid particles kinematics
in original Euler coordinates
(in global frame system)

> Lagrange stage (corpuscular).
determination of force interaction
between particles
(in local frame systems
for each particle)

Modeling stages




]
= Continuum
Y i. rocyAapCTBeHHbIU
/2™ | yHusepcuTer

CaHkT-lNeTepbyprckuin

Jeopbnr (Euler stage — cells in grid notes)
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G | e Corpuscular (Lagrange stage)
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Q7 e Part 2
Basic numeric objects and
context operations
e Numeric structures and object-oriented
procedures;

e Adaptive grid nodes and adjacent centers of
numerical corpuscles;

e Virtual reconfiguration of hybrid computing
models.
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% meeers Base numerical objects
& related compu}atlonal operatlons (methods) in C++

CaHkT-leTepbyprekunia

Scalars:
indexes: int;
numbers: real;

= > \/

a=ar=(A-R)r

* typedef double real;

Vectors: X typedef double Real;
points: pOInt struct{ Real x,y,z; };
points:  vector struct{ real x,y,z; };

vectors: edge struct{ point A, vectorv %
- VANNEVAN <

Tensors: *y = =V+(r+v-t)-v
matrixes: t@Nsor struct{ vector x,y,z; }; T

bazises: basis struct{ point A; tensor m; }.
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Vil Base\Space+Screen / formulae

CaHkT-leTepbyprekunia

Tensor basis — construction of objects and functions
for 3’D tensor mathematics in the implementation
to continuous and corpuscular flow simulation

Vector = Point—Point <#> Point = Vector+Point ...
Edge = Vector + Point - (edge or associated vector )
Base = Tensor + Point — (different-scale entities)
Space= Base ~Function( Point ) — (space mechanics)
Space << Point; Space >> Point - (one of 4 variants)

Screen — Window/Place - (contextual visualization)
"Functional environment" - Space Mathematics
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N | rsepaer Current state of cell = internal tensor

A I\/I (r +\/> . kinematic computational stages form defects
y 'O of tensor of fluid particle mass,

AN = V> v > VooV vV which shows its rheology.

f=cvyt+puva+cv, t==Ff,+f,+f

>

v, I=0- CompI’ESSib”ity;
>

vy 1I#0- rotation;
pure vacuum >

(effervescence); Y r:1ll=0- deformation.

vV Vo _ )
*=det(p,+p)=0 density gap v
with the normal along principal axis of elasticity tensor: p -

1.C V|tat|onal density gap:

<

P — do not considered:
AV

Vv _
p, =det( p,)<0-—

) S

2. Formation of free jet or turbulent vortex:

T Conjugate cells of Degeneration of the determinant of the
~ two calculation stages:

Internal field in the conjugate particles p,>0.
1 — vortex cell of :

| first calculation stage After the transfer of the vortex in the tensor
2 — deformation of adjacent cell "the masses", the new fluid pal’ticle

J during vortex formation. becomes free (turbulent) vortex.

—_—
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Construction of physical fields and
processes in continuous medium

:g_si;éifg

.*i

e Arrays of grid nodes with displaceable centers
of volumes and masses;

 Tensor objects with prehistory of motion and
deformation;

* [nterpolation of large particles into the
original grid nodes.
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* U +4], Base™Space™Screen / OpenGl

 Volume - a software package for interactive
visualization of graphical objects (Basis) in three-
dimensional curvilinear function space (Space)
with submission of images in perspective
projection screen scenes (Screen) in the

contextual environment of programming
OpenGL.

e Multi-window interface (Window) with overlay
of graphics and text fragments / pads (Place)

with a support for keyboard, mouse and timer.
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NP [ 3D Unregulated mesh area with

eightfold crushing
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55 // CemouHaa obnacTe Space onpelefiAeT HepeTyNAPHM2O0BAHHOS MHMHTEepPHNONALNMOHHOS

56 // NpPOCTPAHCTRO IMHAMMUECKHM MepecTpaMBaeMeX Y3J0B, COOSDEKANMX CKAIADHHE,
57 [// BEKTOPHHE M/MAM TeH3O0pHHEe (u3Mueckre OOBEeKTH/BeNMUMHE, ONpeleldanine

58 // TYCTOTY CeTOUHOTO MNOKPETHMA B BABMCUMOCTHM OT JIOKANBHOM KPUBMUSHE

59 // MOOEeIMpYeMEX NapaMeTpOB COCTOSHMSA CIUIONHEX/HepaspeHBHEX cpeX M, 0o

60 // BOSMOXKHOCTHM, C PEeXMMOM NpPOTHO2a TpaHCcOOpMaAUMK I'MIPOOMHAMMYECKHMX NOTOKOB
61 //

62 struct Node // ysen c xoopmuHaTamu X,Y,7Z, CMeXHEMM M BHYTPEHHMMM CBASAMA
63 : Point // xoOpOoMHaATH LEHTPpa Macc JINA NpocToro (UMaHUeckKoro obmexTa. ..
64 8{ Node *x,*y,*2Z; // CCHUIKM Ha CMEeXHHE Y=2JH HACTOAWMEIo/BHENHET'O YPOBHA DPeKypCHUM
65 T *in; // M BoceMe BIOXEHHHX YSJOBHX AYeeK, eClM TAKOBHE HeoDXOmMME
66 L}; 7/

67 // Mo XoOy BHepej] BHIIOJHAETCH NepeHaCTpPOMKa CeTKH

68 // C YTOUHEHMEM I'PAaHWMYHHX YCIOBMM M SaJlaHHOM I'YCTOTH PAaCUETHHX A4YeeK

69 // Ha oOOpaTHOM NyTHM BHIOJHAETCH YCKCOPEHHHI [OMCK IS MHTepNOJALMM MIIH

10 /) NpUOITKEeHHOM ANNPOKCHMMALMKM MONeSIMpYeMuHX (M3MYeCKMX SBJIeHVWM M [IpOLecCcoB
i

72 struct Space: Base // QYHKUMOHaJIEHOE CBSSHEBaHME TeKyllMX KOOPIMHAT Y3JIOB
73 8{ const int nX,nY,nZ; // pasMepHOCTE WMCXOOHHX Y2JIOB DACUETHOW CETKM B LeJioM
74 Node ***Ns; /Y TPEXMEPHEM MAaCCHMB Y3JIOB 6a30BOI'C YPOBHSA PeKypCHM
75 I ¥4 X6 (pnparo) , Y4 (BBepx) , 25 (Boke) + Gasmc M MacmTab
76 Space( int x=24,int y=16,int z=20, Point=(Point}i{0,0,0}, Real=1.0 );

77 ~Space(); // BHNonHAeTcHA ocBODOXIEHMEe BCeX PeKypPCHMBHHX YPOEBHeM
18 _Space operator=( _Point R ){ Point::operator—=( R ); returm *this; } // mecTo
79 L);

80 J//f KopnyckyJnapHoe MNOKPHTHE MOASNMPYeMOW CHNOWHOW Cpellll OCYWeCTBIAeTCs

81 // HEZABMCHMEMY YMCIOBEMW ODBEKTAMM, YYACTEYDIMMM B NOCTPOEHWMAX ZSaKOHORB

82 // IBIDREHUA U ONpelelIAnlMX CIOXRHHEe M IPOM3BOOHHE (M3IMUeCcKMe NpPOoLEeCcCH

83 // C BOZSMOXHOCTERID NAapalMelIbHOI'CO MWMCHOJNHEeHMA EeChkMa THXREJHX pPAaCuUeTOR

84 struct Volume

85 { int nv; // obmee KONMMUECTEC HE3AaBMCHMMO COCYUECTBYIMX KOPNYCKYJII

86 Node **out; // cnMcoxk agpecoBR ONOpPHHX 6a3MCOB B NPOCTpPaHCTBe Space

87 Matrix *part; // cnMcok "acTHMU B NOCNeNoBaTelIbHOM Space-MHOeKCaUMH




Explicit linear and inverse geometric
6 | wnspouro relationships between grid nodes and
spatial particles - cells

Vi— M Interpolation field at
the stage Il

(displaced centers of
mass of free
corpuscles)

p+=Vvif-t

f = \>/ p /£ evaluation based on deformation prehistory;
AN VAN

f = (¢':k+v-ny)/ A interpolation in accordance with rehology;

A [m] — estimated distance between corpuscles;

= || VAP > VA
Kk = k- elasticity and ny =mn-r Vviscosity of fluid
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Conclusion (1

Physics

 The continual (first) stage in tensor form models the
main part of the reconstruction of continuous flows
over a small (calculated) time interval;

e At the corpuscular (second) stage, active particles
(cells) rearrange fluxes, velocity fields, and scalar
functions in accordance with the given rheological
properties of a continuous medium.



Conclusion (2

Algorithmics

e |n result we have direct numerical modeling
with end-to-end parallelization;

e |[n proposed approach algorithm functionally
splits computational process on many
independent reentrant functions.
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