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Previous Work

* Used non physics-based methods (mostl

* Hard to simulate effects that rely on ph
phenomena and volume; rotational a d

based effects //

e Hard to make fluid interact //
to simulate the buoyancy force o
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Inspiration from CFD /

* Computational Fluid Dynamics has been usec
engineering problems since the mid '60s

* Very detailed fluid models exist

* Unfortunately most methods are n
(for graphics) and scale p

* End-user must know wr
the average animator I ///
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Main contributions from this

e Simulation — Solving the Navier- /

/,

* Boundary Conditions — Initializing
boundaries and setting up global be

e Surface Tracking — Trackin:
i 7
fluid surface for »////////




Simulation: Navier-Stokes (N-S)

* N-S are a set of equations that describe the
behavior of various fluids (including gases)

* For graphics the “incompressible Navi
equations” are sufficient
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Simulation: Equations

Foster & Metaxas formulation:
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Simulation: More N-S detail

www.cc.gatech.edu/~carlson/papers/carlson-thesis.pdf
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Momentum Diffusion: Describes how ~
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Simulation: Discretizatior
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Simulation: Velocity fiel
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Simulation: Velocity fielc

fig1/240 = ir1/2,5k T O (1/80) (i ) — (vig1,54)"] A&t ot at

l > max|lu—.v—. tb—
: bz’ by’ bz

+(1/6y)[(wv)ip1/2,5-1/26 = (W0)ig1/2,541/2.4]

+(1/é2)[(uw)ip1/2,5.0-172 — (WW)iy1/2 jx41/2] + o

+(L/62)(pijk — pit1,ik) + (2/827) (wigaa ik

—2tiq1y2 4+ tigrga,-1,) + 01027} (Wi ke

=241/ 5.kt Yit1/2,5,k-1)15

Intimidating, but really means /
/ 3



Simulation: Finite dif
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Simulation: Pr
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Simulation: Enforcing ir



Boundary Co

free-slip boundary
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Inflow/Outflow conditions (sources and sinks)

inflow condition

N

Foster & Metaxas '96
outflow condition

e Set a constant fli
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http://developer.intel.com/technology/itj/c
999/images/art5fig7.gif ///
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Surface Tracking: Height Field
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Miscellaneous & Questions?

* Better Explanation and Implementation G

- 2
Available as part of Mark Carlson'
www.cc.gatech.edu/~carlson/papers/carlsc 1-thesis

e Other Simulation Techni

motion of marker particles dir

e CFD Math & Derivation
www.math.colostate.ed ////////



