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edes de Boltzmann

m particulas com malhas
amente paralelizavel

* Fronteiras complexas na simulacao de fluidos



Metodo das Redes de Boltzmann

Figura 3.2. Modelo /attice Boltzmann D3Q19. [10]




Equacao das Redes de Boltzmann

[fa)— fal(x,t)]

fax+ ey At t + At) = f,(x,t) —

Propagacao Colisao




Estado anterior do simulador

- CUDA C/C++ 5.5

 Entrada:

- Bitmap monocromatico

- Parametros da simulagcao em arquivo de texto




Estado anterior do simulador

e Saida:

— Arquivos de dados salvos no formato vtk com
visualizacao no software Paraview

Figura 4.7. Resultado do arquivo de saida r0001.pvti’ cortado ao meio em x



\nterior do simulador

0 ™ & lattibol (137 Fps, ux0 = 0.0800, rho0 = 1.00, visc = 0.0200, m

7 ‘




The Lattice-Boltzmann Method on
Optimal Sampling Lattices

——

(a) He = 300 (b} He = 4(K)

Fig. 10. Three frames of simulations conducted on D305 using a higher
grnd resolution of 56 x 28 x 361




Equipamento

* |Intel Core i7 CPU 950 @ 3.07 Ghz x 8
« 6 GB RAM

* NVIDIA GeForce GTX 560 Ti com 384 nucelos
e 1 GB RAM GDDR5




Projeto do sistema interativo para
vVisualizacao de dados volumetricos

* Representacao dos dados:
- Malha 3D retangular equidistante
e Tecnica de visualizacao:

- Texturizacao 3D

* OpenGL, GLSL e Qt 5.1



bilidade grafica e
| (CUDA & OpenGL)

zar os mesmos dados

Application

Fonte: http://on-demand.gputechconf.com/gtc/2012/presentations/S0267A-
Mixing-Graphics-and-Compute-with-Multiple-GPUs-Part-A.pdf



teroperabilidade grafica e
utacional (CUDA & OpenGL)

configura os objetos
* A cada quadro:

- Registo/Desregistro dos objetos com contexto
computacional

- Mapeamento/Desmapeamento dos objetos para/de

o contexto computacional
Application

CUDA Linear Memory =

—  Buffer |
>\ Jewe |

CUDA Array |4

OpenGL/DX

Fonte: http://on-demand.gputechconf.com/gtc/2012/presentations/S0267A-Mixing-Graphics-and-Compute-with-Multiple-GPUs-Part-
A.pdf
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Parametros da simulacao online

Parameters

Quantidade de GPUs Devices: 1
width: 128

Tamanho do dominio Height: 64
Length: 64

Inlet Ux: Velocidade de entrada

em cada eixo

Inlet Uy:

Inlet Uz:

Outlet Rho: Densidade e viscosidade

: : flui
Viscosity: geyiltido

SETEINE N CACIEVEEE Tau: 0.59



Medidas de desempenho

lattibol

Simulation Help

- . & L) i Shader:| velocity_mag : |

Parameters @® View

Devices: 1 Update Steps: |1
width: 256 Min U: 0.000
Height: 128 ' =
e Max U: 10,013

inletux:  |0,010 | Min Rho: 0,980

Max Rho: 1,020

clip:

inletuz  |0,000 | [ clipX: 128 ===-——[] Invert
() clipy: 64 =[] Invert
O clipz:64 == [ Invert
Cursor X; 128 ===}

Cursor Y: 64 e=———-|

Cursor Z: 64 s=———-|

Velocity Mag: 0.00968111
Velocity X: 0.0096811
Velocity Y:-1.06037e-05
Velocity Z: 8.57394e-08
Density: 0.999327

inletUy: |0,
OutletRho: 1,000 |;

Viscosity: |0,0 D |
Tau: 0.59

132.7 MLUPS 239.0s 29.8fps

Running 137.1 MLUPS| 124.75| 30.8fps|
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Corte nos trés eixos

O®® lattibol
File

Simulation
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Help

Parameters ® View ®

Devices: 1 Update Steps: | 1 i
width; 128 — 1
g Min U: 0,000 & clip X =— Invert

Length: 64 Max U: 0,015 =
inletux:  [0,010 |; it 0ss0 |- Invert
Inlet Uy: | 0,000 Max Rhot 1,020 |
inlet Uz | 0,000 clip: Invert
Outlet Rho: | 1,000 Clip X — Invert
Viscosity: 0,030 | clipy — Invert

:ﬁ Invert

Tau: 0.59 clipz
0006 lattibol
File Simulation Help

= S -

Parameters ® View

Devices: 1 Update Steps: |1 i
width: 128 )
Height: 64 Min U: 0,000
Length: 64 Max U: 0,015 »
, Inlet Ux: 0,010 i Min Rho: 0,980 i

Getlraley inletUy: | 0,000 Mox Rha, 1020 |-
Inlet Uz: 0,000 Clip:
OutletRho: (1,000 & [clip x — Invert
Viscosity: | 0,030 . clipy — Invert
Tau: 0.59 clipz —_— Invert

Running 33.3 MLUPS 33.35 59.9fps



malizacao de velocidades

@ e & lattibol

File
- &8 bl
Parameters (€3] View (€3]

Simulation Help

Devices: 1 Update Steps: | 1 a
width: 128 .
Height: 64 Min U: 0,000
Length: 64 Max U: E
Inlek Ux: 0,010 e Min Rho: 0,980 i
InletUy: | 0,000 Max Rho: 1,020  |:
Inlet Uz: 0,000 Clip:
Outlet Rho: | 1,000 i Clip X = Invert
Viscosity: 0,030 o clipy —_— Invert
Tau: 0.59 clipz = Invert
b i
Parameters lE5] View
Devices: 1 Update Steps: | 1 l
width: 128 i —
Height: 64 Min U: (0015 |2
Length: 64 Max U: 0,020 .
Inlet Ux: 0,010 " Min Rho: 0,980 i
Running 5
Inlet uy: | 0,000 Max Rho: 1,020 .
Inlet Uz: 0,000 clip:
Outlet Rho: | 1,000 | Clip X — Invert
Viscosity: | 0,030 | clipy = Invert
Tau: 0.59 clipz = Invert

Running 33.4 MLUPS |37.65 |60.0fps



\otacao usando Arcb

2O M lattibol

File Simulation Help
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Length: 64 Max U: (0015 |2

Inlet Ux: 0,010 |, Min Rho: 1,000 &
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clip:
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Viscosity: clipy — Invert
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Taxa de atualizacao
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0 STL (Stereolithograph)
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aders - densidade

OO lattibol

File Simulation Help
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Devices: 1 Update Steps: 1 i
s Min U: 0,000 ;
Height: 128 —_—
Depth: 128 Max U: 0,020| :
nletux: (0,014 |2 Min Rho: 0,980 -
Max Rho: 1,020 5
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Clip:
LISz gy 0.000 clipx: 128 = Invert
Outlet Rho: | 1,000 | ClipY: 64 o Invert

Viscosity: Clipz:64 == Invert
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Velocity Mag: 0.0144936
Velocity X: 0.0144936
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Running 143.9 MLUPS|51.75) 29.9fps



magnitude da velocidade

Oem lattibol

File Simulation Help
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Max Rho: 1,020 =
Inlet Uy: 0,000
Clip:
i =] 0,000 ClipX: 128 =i Invert
OutletRho: | 1,000 | Clipy:64 == Invert

Viscosity:

0,030 ClipZ: 64 === Invert

Tau: 0.59 Cursor X: 128

Cursor Y: 64
Cursor Z: 64

Velocity Mag: 0.0130659
Velocity X: 0.0130659
Velocity Y:-9.65544e-06
Velocity Z: 1.84793e-08
Density: 1.00796

Running 144.0 MLUPS 82.0s |30.2fps



velocidade em cada eixo

OOA lattbol

File  Simulation Help
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DEZV;S ‘ Update Steps 1 i Update Steps: 1 &
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Height: 128
Depth: 128 Max U 0,020 - Max U: 0,020 -
metux  [0074 |- Min Rhe: 0,980 = MinRho: 0,80 ;
Max Rho: 1,020 2 Max Rho: 1,020 i
InetUy: 0,000
dlip: clip
vtz ) 0.000 Clipx: 128 === Invert Clip X: 128 e Invert
OutletRho: (1000 |- ClipY:64 == Invert ClipY:64 == Invert
Viscosity: 0030 - Clipz:64 === Invert Clipz: 64 === Invert
IS Cursor X: 128 Cursor X: 126

Cursor Y: 64 Cursor Y: 64

CQursor Z: 64 Cursor Z: 64

Velocity Mag: 0.0130659
Velocity X: 0.0130659
Velocity Y:-9.65544e-06

Velocity Z: 1.84793e-08
- Density. 100796

Velocity Mag: 0.0138886
Velocity X: 0.0138885
Velocity Y: -4.49558e-05
Velocity Z: 2.26375e-05
Dersity: 0.997661
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Parameters

Devices: 1 Update Steps: 1 ;
Width: 256 Mir U 0,000
Height: 128
Depth 128 Max U: 0,020 .
Inletux:  |0,014 | Minhe il :
Max Rho: 1,020 =
InletUy: | 0,000
clip:
Runnint - 134.3 MLUPS 227.65 29.9fps|
g Inlet Uz: 0,000 ClipX: 128 == Invert -
Qutlet Rho: | 1,000 | ClipY: 64 s Invert

viscosity Clipz:64 o= Invert

L Cursar X: 128

Cursor V: 64

Cursor 7: 64

Velocity Mag: 0.0134333
Velocity X: 0.0134326
Velocity Y: -3.8223e-05
Velocity Z: 0.000181088
Density: 0.597329

Running 142.5 MLUPS| 28765 29.71ps|
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Shaders — mapas de cores
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Conclusoes e perspectivas

* A disciplina IA369 trouxe grandes avancos ao
simulador:

- Interface grafica ao usuario
- Visualizagcao em tempo real
- Ferramentas interativas

 Ha maior possibilidade de trazer novos
usuarios:

— Maior impacto do simulador
- Sugestoes para melhorias



Conclusoes e perspectivas
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Figure 3: A two-dimensional vector field showing the local
stream line starting in cell (x. ¥). The vector field is the upper
left corner of the fluid dynamics field in figures 2 and 4.

imaged using LIC over white noise.

Cabral, B., Leedom, L.
Imaging Vector Fields Using Line Integral Convolution.



Conclusoes e perspectivas

fa) D319, 447 s (b) D23bO1E, 37.7 s {c) D3IBQ15", 39.0 s

(dy D319, 341 ms (e) D3bQ15, 2.92 ms (fy D3Q15%, 2.89 ms
Fig. 8 LIC and stream mages at fie — 1000 and . = 96, The LIC
The timing data indicate nputation time averaged over ten runs. Stre

1L (b) and (c) illustrate the flow on the =z plane in the center of the cavity.
a line source is used to the streamlines. Please refer to the accompany

ges (d) (e) and () show the Aow around the prmary vortex. As illustrated,

upplemental material for animations showing streamlines emanating from the
line source as it moves through the cavity, The timing data indicates the average streamline computation time per line.

Alim, U., Entezari A. e Moller T.

The Lattice-Boltzmann Method on Optimal Sampling Lattices.

leee Transactions On Visualization And Computer Graphics,
Dezembro 2008



