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Abstract

Flow visualizationin 3D is challengingdueto perceptualproblems
sud asocclusion lack of directionalcues,lack of depthcues,andvisual
compleity. In this paperwe presentan interaction technique that ad-
dresseghesespecialproblemsfor 3D flow visualization. Thefeature we
present,a streamrunnergivesthe userinteractive control over the evo-
lution of streamlinesfrom the time they are seedsuntil they read their
full length. Theinteractivestreamrunneicontol minimizesocclusionand
visual compleity and maximizeslirectionaland depthcuesfor 3D flow
visualization. Combinedwith our otherinteractive 3D flow visualization
tools, the streamrunnergivesa brand new level of contml to the userin-
vestigatingthe vectorfield.
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1 Introduction

Flow visualizationcomputingis a topic that hasrapidly increasedn popularity over
the pastseveralyears.Applicationsof flow visualizationincludevisualizationof com-
putationalfluid dynamics(CFD) data,visualizationof flow in turbomachineryesign,
flow visualizationfor shockwave phenomenaand visualizationof weatherpatterns,
to namejust a few. As aresult, mary techniquesor vectorfield visualizationhave
beenthe topic of researchncluding: hedgehogisualization,streamlinesandstream-
tubes dimensionateductiontechniqguesuchascuttingor slicing, animationof steady
and unsteadyflow, vectorfield clustering,and multiresolution& adaptve resolution
visualizationtechniques.



Figurel: Thisimageillustratessomeproblemswith 3D flow visualizationincludingocclusion,
over-complity, andlack of directionalcues.

2 Flow Visualization With Streamlines

Of the differenttools usedto visualizeflow, streamlinesarea very popularchoicedue

to their intuitive semanticsand easeof implementation.The body of literaturerelated

to streamliness vastincluding: streamlineenderingalgorithmgZockleretal., 1994,
streamlingolacemenaindspacingalgorithmgJobardandLefer, 200Q Turk andBanks,1994,
streamlineillumination [Zockleretal., 1996, and streamlineanimationfor unsteady

flow [JobardandLefer, 200J. Streamlinesanbeusefulin engineerindoecausengi-
neersareofteninterestedn minimizing the numberof vorticesin afluid flow field.

3 Redated Work in 3D Flow Visualization

The majority of flow visualizationresearcHiteratureis concerning2D visualization
techniques.This is in partbecausdlow visualizationin 3D presentsadditionalchal-
lengessuchasocclusion,lack of directionalcues,lack of depthcues,andvisualcom-
plexity. Figurel illustratestheseproblemsin the context of a CFD emissionsnodel.
FuhrmanrandGroller [FuhrmannandGroller, 1998 usedashtubewith volumefilling
propertiesreducedcclusion animationof flow for cleardirection,andfastrendering.
However, compleity of the flow field andlack of usercontrol are still problemsin
thevisualization. Rezk-Salamat al [Rezk-Salamatal., 1999 presen@aninteractve
techniquéor 3D flow visualizationusingLIC in combinatiorwith 3D texturemapping.
However, their methodresultsin anover complex 3D flow visualizationaswell asoc-
clusion. Zokler et al [Zbckleretal., 1996 presentinteractive 3D flow visualization
with real-timeilluminatedstreamlines However, their methodsuffersfrom occlusion
andvisualcompleity.



Figure2: Thisimageshawvs streamseedsasshortpipe segmentsincluding a wire frame CFD
emissionmodelascontet information. In this way occlusionandimagecompleity aremini-
mized.

4 A Streamrunner

Thestreamrunnefieatureaddressetheproblem=of occlusionandscenecomplexity di-

rectly by giving the userinteractive control over the evolution of streamlinegrom the
timethey areseedauntil they reachtheirmaximumlength. A streamlinemayterminate
whenit reaches boundaryin the geometryreaches vortex, or reaches maximum
lengthsetby theuser

Using the streamrunnerthe useris ableto setthe streamevolution to time stepl as
shawvn in Figure 2. At this point in time, only the streamlineseedsare shavn. In-
dividual streamlinesireeasilydistinguishedandfocuseduponearlyin their evolution
becausecclusionhasbeenalmostcompletelyeliminatedwhile compleity is atamin-
imum. The streamrunnecanthenbe usedto changethe currenttime stepof the flow
scenesuchthatthe usercanwatchthe streamlinegrow, or run, in thedirectionof the
flow. This givesa clearindicationof flow direction. With the streamrunnetthe useris
ableto focuson anindividual streamineagroupof streamlinesor a particularareaof
the flow field asthey interactively adjustthe scenes time step. Watchingthe streams
flow combinedwith illuminationandshadingjn our caseusingtubes alsogivesadded
depthcues.

5 Other Features

We combinethe streamrunnefeaturewith other classicinteractiontechniquessuch
asrotation, scaling, and focus and contet information so the usermaximizestheir
understandingf the vectorfield. In additionto the streamlinefeaturesof shading
andrunning,theusermayalso(1) choosea non-uniformcoloringschemesocolliding
streamlinescan be distinguished,(2) turn on or off semi-transparendr wire frame
contet information,(3) animatethestreamgo movein thedirectionof theflow aswell
asinteractively adjustingthe animationspeed,(4) interactvely adjustthe streamline



seedingdensityin the flow field, and (5) interactvely adjustthe streamlinewidth, or
streamtubaliameter The streamrunnealso allows the userto tracethe evolution of
thestreamlinebadkwardsin orderto seewherea streamlinehascomefrom.

6 Conclusion

We believethattheaddednteractionprovidedby the streamrunneis avery usefultool
for 3D flow visualization. In fact, this featurewasrequestedy the headof business
developmentin a real-life automotve simulation software developmentdepartment.
Thestreamrunnegivesabrandnew level of controloverto userdanvestigatingavector
field.
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