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Particle Model

Properties

® Position - X

® Velocity - v

® Mass - m
® Density - p
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Fluid Behavior

: Resistance to : :
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Fluid Forces

mv = {




Fluid Forces

ov =1
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Fluid Forces

fgra,vity T fpressure an fviscosity
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Tuesday, October 25, 11




Fluid Forces
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fgravity — P8
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Fluid Forces

: Resistance to : :

Tuesday, October 25, 11




Pressure

fpressure T

p o< p
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Fluid Forces
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Fluid Forces
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Fluid Forces

: Resistance to : :
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Fluid Forces

: Resistance to : :
Viscosiy
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® How do we drive the fluid velocity to be

like its neighbors!?

fviscosity X Vneighborhood,— V




(1D)

neighborhood

(2D)
neighborhood

fviscosity X Vneighborhood,— V
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Viscosity
By Substitution...

1 1
fviscosity X iv(x — ACU) + §V(CE‘ + AZB) —V

fviscosity X V(CB — ACB) + V(Qf + AZE) — 2V

Taking Limits...

2
fviscosity = puV=ov




Fluid Forces

: Resistance to : :
Viscosiy
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Fluid Forces

: Resistance to VR
Viscosiy
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Navier-Stokes
pv = pg — Vp+ pV3v

: Resistance to : :




Navier-Stokes
pv = pg — Vp+ pV2v

How do we evaluate

these quantities using
a particle system?
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Kernel Functions

.
or
W{(r, h)
® Properties:
® Symmetric: W(x) =W(—x)

® Finite Support: W(x) =0V||z|| > h

® Flat at center: VW(O) =0
W(x)dx =1

® Normalized:




Kernel
Gradient Length
---------- Laplacian
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Interpolation

T —

For a physical quantity A:
quantity

mass o
\ A A( poiétlon

J ’ J kernel
density kernel width

*

Example, density:




What About

But we're going to
play tricks. ;-)

Function:

A.
Ag(r) = ijp—].W(r—rj,h),
J

J
Gradient:

VAS(I') :ij



Pressure
For One Particle:

p; = k(pj — p)

pressure force = —Vp(r)

Spatial Pressure Evaluation:

But wait... is this symmetric?




Pressure

d d>

A B C
PA PB PcC

—Vp(r) = ijVW(r —1;)

J



Pressure

d>




Pressure

d d>

A B C
PA PB PcC

—Vp(r) = ijVW(r —1;)

J

fa=-paVW(0)



Pressure
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Pressure

d d>

A B C
Pa PB Pc

—Vp(r Zp]VW r—r;)

fa=-paVW(0) - PBVW(-d1) - pcVW(-d-d>)
fg =-paVW(d,) - peVW(0) - pcVW(-d>)
fc =-paVW(d +d>) - peVW(d>) - pcVW(0)



Pressure




Pressure

g1 =-VW(-d1) g2=-VW(-d>)



Pressure

g1 =-VW(-d1) g2=-VW(-d>)



Pressure

fa = V2(pa+ps)9:
fe =-Y2(pa+ps)g1 + Va(pe+pc)9g: = (
fc =-Y2(ps+pc)92

g1 =-VW(-d1) g2=-VW(-d>)



Pressure

f;llscosﬂy — V v(r ﬂZmJ ij W (r; —l’j,h).
J

Symmetrization:

— V;
fV1SCOSIty _ ﬂEm] l V2W(l’i —r;, h) |

Spring that pulls the particle towards the
velocity of it’s neighbors.
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Fast Marching
Algorithm
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Example

Predictive-Corrective
Incompressible SPH

Barbara Solenthaler, Renato Pajarola
University of Zurich

P VMML

visualization and multimedia lab

’ ’ university of ziirich
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Comparison

Grid-based
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Tuesday, October 25, 11

Which phenomena does the grid-based method
capture better?! Why!

Which phenomena does SPH capture better?
Why!?

Which do neither capture! (How could we?)

How could we turn our SPH simulator into a
grid-based simulator?



- SPH simulation

- seems to represent turbulent flows a little better (g3)
- small groups of particles (g2)
- “rough” flows (g2)
- sprays, splashes (g1) (g4)

- better for splashing (92)

- better for water (g2)

- flow is kind of bumpy
- does not settle to an attractive rest state (g1)

- grid-based simulation
- seems to be much smoother (g3)
- fewer “damping” artifacts (g3)
- the surface seems to “settle down” more slowly (93)

- the grid based method “looses less detail” (g3)
- worse for splashing (g2)
- good for “smoother fluids” (g2) (g1) (g4)
- easier to render (?) (g4)
- allow for larger timesteps (g2)
- must be confined to a boundary (g2)

- neither
- bubbles (g2) (g1)

- possible
- how could we combine the two?! (g1) (g4)
- use grid based methods to get a continuous surface, but use SPH to get
small particles, etc.
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