Fluid Simulation Via Disjoint Translating Grids
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Figurel: A ball of watercollideswith a skeletonhand.Theframesin this animationwereef ciently computedusingour techniquetheball
andthe splashedelongedo domainsthatweremeigedandsplit to minimize computatiorcells.

We presentan adaptve uid simulationtechniquethat splits the
computationdomainin multiple moving grids. Using this tech-
nigue,we areableto simulate uids overlargespatialdomainswith
reasonableomputatiortimes.

Motivation

Fluid dynamicgdescribeshebehaior of smole, steamwaterpour
ing into a container oceanwaves, re, clouds, explosions,and
mary other phenomenahat appearfrequentlyin movies, video
gamesandvirtual reality simulations. From a computergraphics
perspectie,computationaluid dynamicqCFD)techniquesanbe
catgorizedaseitherLagrangiaror Eulerian.

Lagrangiantechniquedgranslatethe Navier-Stokes equationsinto
the materialcoordinateframe andtreatthe uid ow asa particle
systemwherepressurds aninter-particleforce that seeksto pre-
sene uniform particledensity While thesetechniquegxcel atrep-
resentingsplashyandparticulateuid o ws,they requireexcessie
numbersof particlesto simulatesmoothwatersurfaces.

Most computergraphicsapplicationshave leanedtowardsthe Eu-
lerian approachwherethe Navier-Stokes equationsare expressed
in a x edglobal coordinateframe. Finite-differencemethodscan
be madeunconditionallystablewith semi-Lagrangiaimethodsas
suggestedy [Stam 1999], and have beenusedto simulategases
andliquids. Eulerianmethodsexcel at representingnterfacesvia
Levelsetmethodsandincompressibilitycanbe enforcedef ciently
usingthe projectionmethod. While Eulerianmethodscanbe un-
conditionally stable,excessiely large time stepsintroducesevere
numericalviscosity and henceruin physicalandvisual accurag.
Thisis why [Enrightetal. 2002]recommend#miting thetime step
to no morethan5 timesthe Courant-Friedrich-Ley (CFL) condi-
tion. For splashysimulations,this canleadto excessvely small
time steps.

In generalthe Lagrangianrepresentatioris superiorfor modeling
free-falling waterin termsof speedaccurag, andsimplicity. The
goal of the presentresearchs to exploit this obserationto accel-
eratesimulationsof splashyuids, by mixing aLagrangiarmethod
for free-falling waterwith an Eulerianmethodfor containedvater
Our methodsplits a single simulationinto multiple computational
grids,wherethe motionsof the computationagrids aretreatedan-
alytically wheneer possible(e.g. whensplashesrein free-fall).
During the simulation,thesegrids areresized split, or meigedde-
pendingon the motion of the uid to improve computationakf -
cieng andaccuray.
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Ourwork is anextensionof [Rasmusseset al. 2004] wherewe al-
low the grids to have arbitrary rectilinearmotionsand individual
adaptve timesteps.

Simulation framework

The power of our approachis to concentratecomputationakells
and cycleswherethey are needed. First spacially our algorithm
doesnot requiregridding spacethat doesnot contain uids. Sec-
ond, sinceeachdisjoint grid is simulatedindependentlyeachcan
useadifferenttime step.As aresult,afastmoving splashmightre-
quiresmalltime stepswhile in the samesimulationa slov moving
body of watercanafford muchlargertimesteps.

Our algorithmis designedto managea collection of grids. The
grids are usedto simulateunconnected/olumesof uid. As the
uid is setin motion, grids might meige (when two volumesof
uid collide) or split (whenavolumeof uid breaksinto multiple
unconnectedomponents).The compleity of our framevork lies
in managingmultiple grids in a way that is physically valid and
efcient. Our algorithmrevolves arounda schedulingqueuethat
containsanentryfor eachgrid. Thegridsareorderedby increasing
timestep sothatthetop of the queuepointsto thegrid thathasthe
smallesttimestep(as prescribedby the CFL condition). At each
step,multiple eventscanoccur

Merge. Two gridscollide andaremegedin asinglegrid.
Split. A grid splitsinto multiple separateyrids.

CFL step.In theabsencef meging or splitting, thegrid that
hasthe smallestime-steps simulated.

At eachiteration,the algorithmchecksfor potentialeventsandex-
ecuteghemin sequentiabrder A globalclockis maintainecandis
updatedaseventsareprocessedEachgrid hostsa local clock that
re ects eventslocalto thegrid. We useanoctree-basedpproacho
decidewhento split andmemge grids. Thesedatastructuresallow
checkingfor theseconditonsata ne resolution.
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