3D Fluid Simulation

Adrien Treuille
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Recall...

f(mﬂf) — g(CE _t)

¢ Information propagates “to the right”

flz,t + At) = f(x — At, 1)

L




Problem Solution
e Blackboard...
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Incompressible Navier-
Stokes Equations

u: 9O — R’

(velocity)
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"Cottce Cup” Equations

* Density
op
. o —(w-Vp
Velocity
I
8&_1; — (- V)u TVp 1 sNVu o
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Density Advection

bp

Eri — (- V)p

Video: Density Advection



Velocity Advection

Video: Velocity Advection



Projection

|
(thl — (1 - V)u—+SV2u+f

Vo= ()

(divergence)

Div & 0 ?







Projection

Video: Velocity Advection and Projection



Diffusion




External Forces

ol 1
— — (1 -V \/ V- T
v (i -V ju VD + sV u +
st. V. -u = 0
* Gravity
* Heat

» Surface Tension
» User-Created Forces (stirring coffee)



Physics Recap

* Physical quantities represented as fields.

* PDE describes the dynamics.
—explains what we see in here...

* Much $%$9% for analytic solution!


http://creative.gettyimages.com/source/search/ImageEnlarge.aspx?MasterID=fpx23874&s=ImageDetailSearchState%257C3%257C5%257C0%257C15%257C2%257C1%257C0%257C0%257C1%257C58%257C60%257C2ed3.d7c5.03ff.e000.002f.76f0%257C1%257C0%257C%2528%2522Beige%253aDescriptive+Color%2522+and+%2522Coffee%253aCrop%2522%2529+or+%2528%2522Cream%253aDairy+Product%2522+and+%2522Coffee%253aCrop%2522%2529+or+%2528%2522Cream%253aDairy+Product%2522+and+%2522Coffee%253aHot+Drink%2522%2529%257C%257C1%257C0&pk=6
http://creative.gettyimages.com/source/search/ImageEnlarge.aspx?MasterID=fpx23874&s=ImageDetailSearchState%257C3%257C5%257C0%257C15%257C2%257C1%257C0%257C0%257C1%257C58%257C60%257C2ed3.d7c5.03ff.e000.002f.76f0%257C1%257C0%257C%2528%2522Beige%253aDescriptive+Color%2522+and+%2522Coffee%253aCrop%2522%2529+or+%2528%2522Cream%253aDairy+Product%2522+and+%2522Coffee%253aCrop%2522%2529+or+%2528%2522Cream%253aDairy+Product%2522+and+%2522Coffee%253aHot+Drink%2522%2529%257C%257C1%257C0&pk=6

Overview

Last week’s question.

The physics of fluids.

Heegun.

This week’s question.




Simulation Representation

» Recall we're dealing with fields:

pe O —10 1) w0 — R’

(density) (velocity)

* Grid Representation

— Each grid cell represents integral over underlying quantities
— Derivatives Easy to Implement



Explicit Integration

* Very simple method to “implement” physics

0 I
a—‘; — (W Vju Vp{sVu it

(0 A= A) = () S (AL) (D))
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Splitting Methods

» Suppose we had a system:

O

— i) — () + (D)

o ...and we define a simulation S;.

S, At) o z(t)— z(t - At)
 Then we could define:

Se(x, At) = S, (., At) o Sy (z, At)



Splitting Methods




Semi-Lagrangian
flx,t+ At) = f(x — At, 1)




SL Advection
flz,t+ At) = f(z — At, 1)




Advection
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Diffusion

» Solved implicitly (like projection)
| don't have a picture of this.
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Simulation Recap

» Decided Upon grid-based represenation.
* Explicit Methods will not work.

» Stable Fluids solves all our problems...
—...maybe.



Overview

Last week’s question.
The physics of fluids.

Simulating fluids.

This week’s question.




Overview

Last week’s question.
The physics of fluids.
Simulating fluids.

Heegun.




Questions

e How could we deal with fixed boundaries in
the fluid?

e

e How can we deal with a free surface in the
fluid?

e
. ?

e Hint: how can we modify the projection step?




