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Obsah

e Ciel a motivacia

 Smoothed Particle Hydrodynamics
 Modelovanie kvapalin pomocou castic
e Kernelové funkcie

 Renderovanie povrchu

* Vysledky a pokracovanie
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Uvod

e Kvapaliny

e Off-line simulacia

e Real-time simulacia
— Interakcia
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Predchadzajuca praca

o Computational Fluid Dynamics (1822)
* Navier-Stokes Equations
o Casticové systémy
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Ciel

 Modelovanie kvapalin pomocou
casticovych systémov postavenych na
Smoothed Particle Hydrodynamics

* Real-time rychlost, aby sa dalo so
systémom interagovat
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SPH

 Interpolacha metdda pre Casticove
systemy
e SPH pravidlo:

As (r) = > mj,'g‘ij (r —rj h)
]

—m; — hmotnost, r; — pozicia, p; — hustota, W —
kernelova funkcia
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SPH(2)

* Rovnica pre hustoru v mieste r

ps(r)_Zm, W(r—r,h)_Zm,W(r—r,h)
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Modelovanie kvapalin

e Grid-based

— Rovnica zachovania hmoty
— Rovnica zachovania hybnosti (Navier-Stokes)

P(Z—\t/JrvOV v):—V P+ p0 + uVvV'V

— g — externé sily, p — viskozita kvapaliny
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P(Z—\:+VOVV)=—V P+ pg + V'V

Rovnice pre SPH

a—v+v°Vv:D—V

ot Dt

f:—Vp+pg+,uV2v

dv . f.
a‘i:_:_
dt P

— Vv; — rychlost’ Castice
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Tlak

« Aplikujme SPH pravidlona: — V
foprreswe — v p(r,) = - Z m i ot vW(r—r h)

 Nesymetrickost, takze upravim na:

fipressure _ _Z m ; p2IJlr0FJ)J v W (ri _ rj,h)
j
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Viskozita

» Aplikujme SPH pravidlona: 4V °v
fee Y = 4V iv(r) = ,uZ m,p v'W (r; —r;.h)

e Symetrizujem na:

VIS COS | Vj_Vi 2
f ty:yz mi—p v W (1, = r;.h)
J
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Povrchoveée trenie

e Color field:
cs(r)—z m i W(r—r h)

. Upravaml vznlkne:

f surface

= okn = —oV °cs n
n|
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Smoothing Kernels

e Pouzité kernelové funkcie:
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Kernelové funkcie

h2 -r?)> 0<r<h
Wpoly 6(r1h): 315 5 ( ) _
64 h 0 otherwise
h—-r)® 0<r<h
Wspiky (r,h): 156 ( ) _
zh 0 otherwise
) ; 2 \
15 | __f r h
inscosity(r’h): 5 h?’% 2h3 + h 2 T ¢ 1 0<r<h \
S 0 otherwise
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Renderovanie povrchu

 Mozné implementacie:
— Point Splatting
— Marching Cubes
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Dosiahnute vysledky(2)

o Uzivatel interaguje
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Dosiahnuté vysledky(3)

* Naliatie vody do pohara:
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Zaver

* Vytvorit metdodu na modelovanie kvapalin,
ktora pouziva casticove systemy a
Smoothed Particle Hydrodynamics

o Vdaka kernelom stabilna a rychla (real-
time), vhodna na interakciu

 Renderovanie povrchu je stale otvoreny
problém (zvysSenie rychlosti Marching
Cubes algoritmu)
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Dakujem za pozornost’
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