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Abstract
Streamsurfacesare a classic�ow visualizationtechniqueusedto portray thecharacteristicsof vector�elds, and
texture advectionresearch hasmaderapid advancesin recentyears. We presenta novel hybrid visualizationof
texture advectionon streamsurfaces.This approach conveys propertiesof the vector �eld that streamsurfaces
alonecannot.We apply the visualizationtechniqueto variouspatternsof �ow from CFD data importantto au-
tomotiveenginesimulationincluding two patternsof in-cylinder �ow (swirl and tumblemotion)aswell as �ow
througha coolingjacket.In addition,weexploremultiplevector�elds de�nedat thestreamsurfacesuch asveloc-
ity, vorticity, andpressuregradient.Theresultsof our investigationhighlightboththestrengthsandlimitationsof
thehybrid streamsurface-texture advectionvisualizationtechniqueandoffer new insight to engineers exploring
andanalyzingtheir simulations.

CategoriesandSubjectDescriptors(accordingto ACM CCS): I.3.3[ComputerGraphics]:Picture/ImageGeneration;
I.3.7 [ComputerGraphics]Three-DimensionalGraphicsand Realism–Color, shading,shadowing, and texture;
[SimulationandModeling]:SimulationOutputAnalysis

1. Intr oduction

Streamsurfaces,introducedby Hultquist [Hul90, Hul92],
area well known techniqueusedto visualizepropertiesof
�o ws. They can circumvent the visual complexity or clut-
ter associatedwith seedingmany streamlines.With stream
surfacesalone,it is dif�cult to unambiguouslyconvey the
downstreamandupstreamdirectionsof the�o w. Texturead-
vectionis anothereffective �o w visualizationtechniquethat
transportstexturepropertiesin thedirectionof the�o w in an
animatedsequence.Texture advection techniques[JEH02,
LvWJH04, WHE01, WEHE02] offer the advantagesof be-
ing fastandproviding completecoverageof thevector�eld
domain.

We present a hybrid visualization which combines the
strengthsof bothstreamsurfacesandtextureadvectiontech-
niques.The insight provided by traditionalstreamsurfaces
is enhancedwith fast texture advectionon the surfacethat
conveys the direction of the �o w through the useof ani-
matedconvolution of noisetextures.By addinga comple-
mentarytexture-basedalgorithmwe alsocapturecomplete

coverageof the �o w domainacrossthestreamsurface.The
hybrid visualizationis thenusedto investigatethreeimpor-
tant patternsof �o w found in enginesimulationdata:swirl
andtumblemotiontypicalof in-cylinder �o w and�uid �o w
throughacoolingjacket.Thevisualanalysisandexploration
of theenginesimulationdatais drivenby designgoalsfrom
anengineeringpoint of view. Applying textureadvectionto
streamsurfacesraisesboth technicaland perceptualchal-
lengeswhichweaddresshere.Theresultsof ourstudyhigh-
light both the advantagesand limitations of the hybrid vi-
sualizationapproachandprovide new insight to thoseengi-
neersinvestigatingthepropertiesof theautomotive compo-
nentsthey areanalyzing.

The rest of this paperis organizedas follows: Section2
presentspast researchrelatedto both streamsurfacegen-
eration and texture advection approacheson generalsur-
faces.Ourhybrid methodis presentedin Section3 including
an investigation of the in-cylinder patternsof motion (Sec-
tion 3.2) and �o w througha cooling jacket (Section3.3).
Both perceptualand technicalchallengesassociatedwith
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thehybrid visualizationareaddressedaswell asthe insight
gainedby theengineerfrom thevisualization.A discussion
of the resultsand conclusionsare discussedin Sections4
and5 respectively.

2. RelatedWork

Our review of researchliteraturefocuseson previous work
relatedto streamsurfacecomputationandtexture-advection
onsurfaces.

Stream Surfaces: Streamsurfaceswere introducedto the
visualizationcommunityby Hultquist [Hul90, Hul92]. An
implicit streamsurface algorithm was presentedby Van
Wijk [vW93] basedon the observation that streamsurfaces
could be computedstarting along 2D isolines at the do-
main boundary. Scheuermannet al. [SBH� 01] adaptedthe
streamsurfacecomputationto tetrahedralgrids. More re-
cently, Garthetel. [GTS� 04] describeastreamsurfacecom-
putationthatdeliversaccurateresultsin regionsof intricate
�o w, e.g.,in vortex regions.

Texture Advection on Boundary Surfaces: The amount
of researchin the areaof texture advection on surfacesis
relatively small. Two texture advection algorithmson sur-
faceswere introduced in 2003: Image SpaceAdvection
(ISA) [LJH03] and Image BasedFlow Visualization for
Curved Surfaces(IBFVS) [vW03]. A comparisonof the
two algorithmsis describedby Larameeet al. [LvWJH04].
Weiskopf and Ertl [WE04] presentresearchthat exploits
GPUprogrammingfor fasttexture-based�o w visualization
onsurfaces.Eachof thesepreviousresearchresultsfocuson
�o w at theboundarysurface.

Texture Advection on Isosurfaces: Although �o w visual-
ization at the boundarysurface is very useful, clearly en-
gineersareinterestedin visualizing�o w insidethe bound-
ary of the domain.Slicesare commonbut cannotalways
successfullyportrayintrinsic 3D characteristicsof the �o w.
Texture-advectionwasalsoappliedto isosurfaces[LSH04].
Themajordrawbackto thisapproachlies in cognitionof the
results.If we computean isosurface,say, of velocity mag-
nitude,we do gain insight into the inherent3D structureof
the �o w. However, portionsof the isosurfacehave a strong
normalcomponentto the �o w orthogonalto the surfaceit-
self. As soonaswe advect texturepropertiesalongthe iso-
surfaceto re�ect thedownstreamandupstreamdirectionsof
the�o w, thevisualizationcanbeconsideredmisleading,es-
pecially if this normalcomponentof the �o w is not taken
into account.This is onecentralmotivation for investigat-
ing texture-advection on streamsurfaces.Streamsurfaces
arealignedwith the �o w by de�nition andanimatingtex-
turepropertiesin thedirectionof the �o w is intuitive when
interpretingthevisualization.Furthermore,from a technical
point of view, the vector �eld in this casedoesnot require
projectionontothesurfacesinceit is alignedwith thestream
surfaceby de�nition. This vector �eld projectionphaseis

necessaryfor the implementationon boundaryand isosur-
faces.This topic is elaboratedon in Section3.2.

We notethat anotherattempthasbeenmadeat visualizing
thedownstreamdirectionof the �o w on streamsurfacesby
Löffelmannet al. [LMG97]. They cut away explicit arrow-
shapedportionsof thestreamsurfacewhich indicatethedi-
rectionof the �o w. The disadvantagesherearethe compu-
tationtime,theproblemof optimalstreamarrow placement,
andcomputingtheoptimalsizeof eacharrow. Löffelmannet
al. [LMGP97] alsomappedstatictexturesto streamsurfaces
in orderto visualizedynamicalsystems.The dif�culties in
this casestemfrom �nding theoptimalparameterizationof
the streamsurfacein order to mapthe 2D textures.Perfor-
mancetimealsopresentschallenges.

3. TextureAdvectionon StreamSurfaces:Applied to
In-Cylinder and Cooling Jacket Flow

Here we describeour choiceof streamsurfacegeneration
andtextureadvectionalgorithmandthemotivationfor those
choices.We then investigate threedifferentpatternsof en-
ginesimulation�o w: swirl andtumblemotioncharacteristic
of in-cylinder �o w andthebehavior of �uid �o w througha
cooling jacket. We'll seewhat insightscanberealizedwith
ourhybrid visualizationaswell assomeof its limitations.

3.1. Method Background

For streamsurfacegeneration,we choseto implementthe
algorithm of Garth et al. [GTS� 04] for several reasons.It
computesaccurateresultsin regions of intricate �o w and
thuscanhandleverycomplicated�o w structures.Thisprop-
erty provesto be requisitein Section3.3 whenvisualizing
�o w through the cooling jacket. The implementationhas
alsobeenshown to applywell to unstructured,adaptivereso-
lutiongrids,aperquisitefor eachpatternof �o w wevisualize
here(andnot characteristicto all streamsurfacegeneration
implementations).

For the texture advection algorithm, we implementedand
appliedISA [LvWJH04]. ISA hasseveral propertieswhich
werequirefor theapplicationsdiscussedhere.ISA: (1) gen-
eratesa denserepresentationof �o w on adaptive resolution
streamsurfaces,(2) visualizes�o w on complex streamsur-
facescomposedof polygonswhosenumberis on the order
of 500,000or more,(3) visualizes�o w independentof the
streamsurfacemeshcomplexity andresolution,(4) supports
user-interaction such as rotation, translation,and zoom-
ing alwaysmaintaininga constant,high spatialresolution,
(5) doesnot rely onany parameterizationof thesurface,and
(6) producesfastanimations,realizingup to 60 framesper
second.We note that IBFVS [LvWJH04] could also have
beenappliedas well as the techniquefrom Weiskopf and
Ertl [WE04].

3.2. In-Cylinder Flow: Swirl and Tumble Motion

For �o w enteringandexiting acombustionchamber, theen-
gineersresponsiblefor thedesigntry to createan idealpat-
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Figure 1: (left) Theswirling motionof �ow in thecombus-
tion chamberof a dieselengine. Swirl is usedto describecir-
culationabouttheaxisalignedwith thevalvecylinder. The
intake ports at the top provide the tangential componentof
the�ow necessaryfor swirl. Thedatasetconsistsof 776,000
unstructured,adaptiveresolutiongrid cells.(right) Somein-
cylinder�ows requirea tumblemotion�ow patternin order
to mix �uid with oxygen.Tumble�ow circulatesaroundan
axis perpendicularto the cylinder axis, orthogonal to the
caseof swirl motion.

tern of motion. The motion canbe describedasa swirling
�o w revolving aroundanimaginary, centralaxisresidingin-
sidethecylindervolume.Onetypeof swirling motion,aptly
calledswirl motion, is depictedin Figure1, left. The ideal
swirl motionspiralsaroundanaxisalignedwith thecylinder
volumefoundat thecenter. Suchanidealis oftenstrivedfor
in dieselengines.

Anotherimportantpatternof �o w is tumblemotion, depicted
in Figure1, right. Theaxisof rotationin the tumblecaseis
orthogonalto that of the swirl case.Also, the ideal motion
is closerto asimplecircle ratherthanamorespiral-likepat-
tern.Sincetheaxisof rotationis not alignedwith thecom-
bustionchamberitself, this patternof motion is moredif�-
cult to realize.

Achieving theseideal patternsof �o w optimizesthe mix-
ture of oxygen and fuel during the ignition phaseof the
valve cycle. Optimal ignition leadsto very desirablecon-
sequencesassociatedwith the combustion processinclud-
ing: moreburnt fuel (lesswastedfuel), loweremissions,and
moreoutputpower.

Swirl Motion: Engineershave differentoptionsand tools
at their disposalwhenvisualizingthe�o w to seehow close
it approximatestheideal.Previously, they werelimited to a
combinationof slicesandtexture-basedvisualizationtech-
niques.Thiswasfollowedby textureadvectiononboundary
surfaces.Engineersoftenstarttheir visualanalysisby look-
ing attheboundarysinceit providesanoverview. Afterward,
they maytheninvestigatetheinsidevolume.Oneclassictool
engineershave to visualizethevolumeareisosurfaces.Fig-

ure2 left, shows thedepictionof swirl motioninsideacom-
bustionchamberfrom a dieselenginesimulationusingan
isosurface.Textureadvectioncanbeaddedto theisosurface
in orderto portraymoredetailandfurthercharacteristicsof
the�o w on theisosurface,asin Figure2 middle-left.

Both the velocity isosurfaceand additional texture advec-
tion on the isosurfacedo provide further informationabout
the three-dimensionalcharacteristicsof the �o w inside the
pistonchamber, however, interpretationof theresultsis dif�-
cult. Thisstemsmainly from thefactthatthe�o w is not tan-
gentialto theisosurfacein many areas.Thismakesavelocity
isosurfaceitself moredif�cult to interpret.Textureadvection
ontheisosurfacecanbeconsideredmisleadingif thenormal
componentof the�o w to theisosurfaceis not takeninto ac-
count.A moreintuitive approachis to usestreamsurfaces.
Figure 2 middle-right shows a streamsurfaceseedednear
oneof the intake portsof thegeometry. This streamsurface
conveys the3D characteristicsof theswirl motionin a very
intuitivemanner. Figure2 right showsanovel hybrid visual-
izationof textureadvectionon thesamestreamsurface.The
resultshows morecharacteristicsof the �o w thana stream
surfacealone.Theviewer canseehow the �o w alignswith
thesurfaceitself.Watchingthetextureproperties�o w down-
streamis especiallyintuitive during animation[LGSH05].
Fromanengineeringpointof view, thesimulationresultsin-
dicatea satisfactorydesignandsimulation.In otherwords,
aniceswirl motionpatternhasbeenachievedhere.Froman
engineeringpoint of view, the designof the model is good
andachievesanearlyoptimalmixing of fuel andoxygen.

Tumble Motion: Figure 3 shows a streamsurfaceseeded
nearthe intake port of the combustionchamberof a model
gasenginecylinder. Color is mappedto velocity magnitude
andacandidatetumbleaxisis annotated.Thetumbleaxisis
off-centerandnotalignedwith theidealtumblemotionaxis.
The axis is slanteddownward andto the left. The position
of thetumbleaxiscanbeseenhowever thedownstreamand
upstreamdirectionof the�o w cannotbe inferredunlesswe
useahybrid visualizationasshown in Figure4. The�rst im-
agein Figure4 addsthe texturing to the �o w �eld de�ned
at the streamsurface.How the �o w alignswith the stream
surfaceis clari�ed andwecanobserve thetextureproperties
�o w downstreamin a fastanimation[LGSH05]. Also, with
thetexturing convolvedaccordingto the�o w �eld, thevor-
tical natureof thecandidatetumbleaxisis clearer. Depicted
is �o w swirling aroundan off-centertumbleaxis. Further-
more,theperceptionof this vortex is muchclearerwith the
additionaltexturing.

In additionto visualizingthe�o w �eld at thestreamsurface,
we alsoexperimentedwith advectingtexturepropertiesac-
cording to other vector �elds including the vorticity �eld.
Vorticity is thecurl of thevelocity, namely, r � v, andrep-
resentsthelocal �o w rotation.Someresultsfrom this inves-
tigationareshown in Figures4, 9, left (color plate),and 5
wherenoisetexturehasbeenconvolvedaccordingto vortic-
ity. Thecolormappingin Figures4 and 5, bottomis accord-

c
 TheEurographicsAssociation2006.



R.S.Laramee& C. Garth& J. Schneider& H. Hauser/ TextureAdvectiononStreamSurfaces

Figure 2: Thedepictionof swirl motionwith surfacesand texture advection:(left) a velocity isosurfaceof 5.0 m/swith an
addition CFD simulationattribute mappedto hue, (middle-left)a hybrid visualizationof texture advectionon the sameiso-
surface, (middle-right)a streamsurfaceseededin an intake port with velocitymagnitudemappedto hue, and(right) a hybrid
visualizationof textureadvectionon thesamestreamsurface.
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Figure 3: A streamsurfacein the gray-scalecontext of a
combustion chamberin a gas enginesimulation.A candi-
datetumbleaxis is indicated.For thestreamsurface, color
is mappedto velocitymagnitude.

ing to vorticity magnitude.In Figure9 (colorplate),wehave
implementedan arguablymoreinformative color mapping.
Figure9 shows texture advectedaccordingto vorticity and
color mappedto helicity. Helicity is de�ned asv � (r � v).
Highhelicity valuesindicateregionswherethelocalvelocity
andvorticity vectorsarenearlyparallel,very muchreminis-

centof theparallelvectorsoperator[PR99]. Parallel veloc-
ity andvorticity may indicatevortex coreregions.Figure9
shows high helicity valuesin the candidatetumbleaxis re-
gion andin the lower right. The imagesin Figures4 and 5
have beenpositionedin order to facilitatecomparisonsfor
the reader. From comparingthe vectorandvorticity �elds,
wecanobserve thatvorticity is sometimesorthogonalto the
vector�eld. Therealsoappearsto beconsiderablemore�uc-
tuationin thevorticity thanthevelocity. This is evenclearer
in an animation[LGSH05] althoughadmittedly, thesehy-
brid resultscanbevisuallycomplex. A discussionof texture
advectionaccordingto thepressuregradient�eld is givenin
Section4.

Perception: The imagesin Figure4 arevisually complex.
The surfacesare complex to start with and complement-
ing this with texture convolution addseven more.Percep-
tual problemsstemfrom visualcomplexity anddeciphering
different portionsof the surfacefrom one another. This is
thereasonweexperimentedwith differentcolormappingsas
shown in Figure5. Figure5, topshows thesamestreamsur-
faceandvector�elds asFigure4 but with adifferentviewing
angleanda simpli�ed blue-yellow color mapping.Thesim-
pli�ed color mappingcan facilitate the perceptionof both
surfaceandtexture propertiesby reducingvisual complex-
ity. According to the �ndings of Ware [War98, War00], an
optimalcolorsequencevariesthrougharangeof colorswith
eachsuccessive huehaving a higherluminancethanits pre-

c
 TheEurographicsAssociation2006.



R.S.Laramee& C. Garth& J. Schneider& H. Hauser/ TextureAdvectiononStreamSurfaces

Figure 4: A hybrid streamsurface–texture advectionvisu-
alization the tumblepatternof motion from the simulation
resultsof a gasengine:(top) velocitymagnitudemappedto
hueandtexture advectionappliedto the�ow �eld and(bot-
tom)vorticity magnitudemappedto hueandtexture advec-
tion appliedto thevorticity �eld.

decessor. Thus,we have experimentedwith the color map
shown in Figure5, bottomwhich meetsthis criterion.User
studiesindicatethat this surfacemay be easierto perceive
thanthe traditionalcolor mappingusedin Figures3 and4.
Alternative approachesto enhanceperceptionof thesesur-
facesinclude:mappingcolor accordingto depth,e.g.,map-
pingred-scalevaluesin theforegroundandblue-scalevalues
toward the backgroundin the mannerof Toutin [Tou97] or
usingfog to emphasizethedepthgradient.

We emphasizethat although the imagesshown here are

Figure 5: The samestreamsurfaceas shownin Figure 4
viewedfrom the sideand with alternativecolor mappings:
(top) velocity magnitude mappedto a simple yellow-blue
color scaleand texture advectionappliedto the �ow �eld,
and (bottom)vorticity magnitudemappedto a more opti-
malcolor scaleandtextureadvectionappliedto thevorticity
�eld.

static, the visualizationsseenby the engineerarenot. An-
imatedtexture convolution at real-timeframeratesaid the
userin perceiving thecharacteristicsof thestreamsurfaces.
Interactionincluding, zooming,panning,and rotation also
play an importantrole in perceptionfor which thereis no
substitute.Hencewe encouragethe readerto view thesup-
plementaryvideo [LGSH05]. We have alsoimplementeda
clippingplanefor visibility culling.
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Figure 6: The major componentsof the �ow through a
cooling jacket include a longitudinal component,length-
wisealongthegeometryanda transversalcomponentin the
upward-and-over direction.Theinlet andoutletof thecool-
ing jacketarealsoindicated.

3.3. Cooling Jacket Flow

The previous applications of in-cylinder �o w simula-
tion highlight some of the strengthsof a hybrid texture
advection–streamsurfacevisualization.While we alsogain
heightenedinsight in the caseof cooling jacket �o w, this
applicationpointsout somelimitationsof theapproach.We
precedeour�ndings with abrief descriptionof theideal�o w
throughthejacketgeometry.

Thecoolingjackethasanextremelycomplex geometry. The
modelgrid consistsof over 1.5 million unstructured,adap-
tive resolutiontetrahedra,hexahedra,pyramid, and prism
volume elements,the size of which differs by more than
six ordersof magnitude.Ourstreamsurfacetessellationsare
correspondinglycomplicated,containingover500,000poly-
gonsin somecases.Therearetwo maincomponentsto the
ideal patternof �o w througha cooling jacket: a longitudi-
nal motionlengthwisealongthegeometryanda transversal
motion from cylinder block to headandfrom the intake to
theexhaustside.Thesetwo componentsaresketchedin Fig-
ure6. Thelocationof theinlet andoutletarealsoindicated.
Any �o w that deviatesfrom this ideal,essentiallythe most
ef�cient volume-�lling path from inlet to outlet, resultsin
lesstransferof heataway from theengineblock.

Streamsurfaceseeding,computation,andvisualizationcan
help the engineerunderstandthe behavior of the �o w and
comparethesimulationdatawith the ideal.Figure7 shows
two streamsurfacesseededin thecylinderblockside(lower
half) of the jacket's volumenearthe inlet. The streamsur-
facesstartoff highlightingthelaminarcharacteristicsof the
�o w until the �o w travels upward in the transversaldirec-
tion. The�o w is drawn into thecylinderheadside(tophalf)
of the geometrythroughsmall �uid conduits.During this
transitionfrom cylinder block to cylinder head(bottom to

Figure7: Streamsurfacesin thecoolingjacket: (top)redand
blue streamsurfacesare seededcloseto the inlet and tra-
versethe jacket mainly in longitudinaldirection.Parts of a
streamsurfaceare drawninto theinterconnectionsandcre-
ate vorticesupon enteringthe jacket head(highlightedin
inset).

top) the �o w becomesa very complicatedpatchwork char-
acterizedby many vortices.(Thedepictionof individualvor-
ticescanbefoundin previousliterature[LGD� 05].)

Fromour experienceandthea priori knowledgeof theen-
gineersinvestigating this type of �o w, it appearsas if the
�o w is generallytraveling in the longitudinal direction in
the cylinder block and then the transversaldirection as it
is drawn into the head.However, it is not until we apply
texture-advection to the streamsurfacethat non-idealpor-
tionsof the�o w areevident.

Figure8 shows a hybrid texture-based-streamsurfacevisu-
alization using the samestreamsurface geometryseeded
in blue in Figure 7. What becomesclear with the addi-
tionaltexture-advectionarepatchesof �o w thatdeviatefrom
the ideal. This includes recirculation zonesand reverse-
longitudinal�o w–bothof which reducetheeffectivenessof
heat transferaway from the engineblock. A recirculation
zoneis highlightedin Figure 8, lower left, while reverse-
longitudinal �o w canbe observed in both loop streamsur-
facestructuresin thelower right close-up.This is especially
apparentin ananimation[LGSH05].

Technical and Perceptual Problems: Someof the chal-
lengesin this applicationstemfrom technicalfactorsand
perception.Thesheercomplexity of thegeometryresultsin
streamsurfaceswith correspondinglycomplex shape.The
cylinderblockandcylinderhead(thebottomandtophalves)
are separatedby a gasket component.The gasket compo-
nent containsa seriesof very small �uid conduitswhose
number, position,andsizecontrolthedistributionof �o w to
andawaythefour cylinders.As thestreamsurfacecomputa-
tion traversesfrom theblock to thehead,thesurfacesmust
necessarilybecomevery thin. In fact, the streamsurfaces
start to look more like streamlines.From a technicalpoint
of view, this makesthestreamsurfacegenerationalgorithm
of Garthet al. [GTS� 04] particularlysuitedto this applica-
tion becauseof its ability to navigatethroughsuchintricate
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Figure 8: A hybrid texture advection-streamsurfacevisu-
alization. A color (red and green)is assignedto each side
of the streamsurfacein order to aid perceptionof the sur-
faceproperties:(top)Thesamestreamsurfaceshownin Fig-
ure 7 is complimentedwith texture advection:(bottom-left)
a close-upof recirculationzoneis highlightedand(bottom-
right) a close-upview of a regionwith highvorticity.

geometryin a robustmanner. As a consequenceof thegas-
ket conduits,our hybrid visualizationmay amountto what
is essentiallytexture advectionon streamlines.Streamlines
donotprovideenoughspatialcoherencefor sensibletexture
advection.Even if the spatial frequency of our convolved
noisetexture wereon the scaleof a unit pixel (which was
not originally intended),its advectionwould not be clearly
perceivableon a streamlineonly 1-2 pixelsin width. This is
botha technicalanda visual limitation. To our knowledge,
theonly way to resolve this is by zoomingin on thegeome-
try until a spatiallycoherentgeometryis obtained.

The visual complexity of thinly connectedstreamsurfaces
posesperceptualchallengesfor the viewer just as stream-
lines do in this sameapplication.Oneway we addressthe
visualcomplexity is with a simplecolor mapping.As illus-
tratedin Figure8, oppositesidesof the streamsurfaceare
assigneddifferentcolors:onesideof the streamsurfaceis
red,theothergreen.As thesurfacetwistsandfolds over it-
self it is easierto perceive. This is especiallynoticeablein
areasof highvorticity.

4. Discussion

For higher resolutionimagesand animations,including a
full lengthvideo,pleasevisit:

http://www.VRVis.at/scivis/laramee/isa-streamsurface/

For eachof thevisualizations,performancetimeafterstream
surfacegenerationis fast:oftenin real-time.A detaileddis-
cussionof textureadvectionperformancetimescanbefound
in previousliterature[LvWJH04].

Wenotethatstreamsurfaceseedingstill remainsachallenge
andis to someextent arbitrary. For all the streamsurfaces
shown in this paperwe usedour a priori knowledgeof the
applications,just asanengineerdoes,duringour investiga-
tion.Engineersanalyzingthesesimulationsareveryfamiliar
with the characteristicsof their models.In general,the re-
gionsnearintake portsareanintelligentseedingchoiceand
provideinsightfulresults.However, thisdoesnotcompletely
eliminatesometrial anderror.
Onthetopicof perception,anotherissuestemsfrom thesur-
facevisibility in conjunctionwith texture-basedvector�eld
visualization.If thenoisetexturesarenot adequatelytrans-
parent,the surfacemay be moredif�cult to see.The opti-
mal transparency of texturepropertiesdependson what the
viewer is most interestedin. That is why we give the user
interactivecontrolover thetransparency of texturesandcor-
respondingsurfaceopacity. Theusermaydecideto increase
transparency of thetexturesin orderto seemoreof thesur-
faceor increasetheopacityof thetextureadvectionin order
to seemoreof the�o w. Implementationdetailsaredescribed
elsewhere[LJH03].

In additionto advectingtexture propertiesaccordingto the
velocity andvorticity �elds at the streamsurface,we have
alsoinvestigatedthe pressuregradient�eld. The character-
isticsof thepressuregradient�eld at thestreamsurface,are
depictedin Figure9, right (colorplate).Interpretationof the
resultsis dif�cult. It looks asif the pressuregradientis or-
thogonalto theboundarygeometry, however, further inves-
tigationis necessaryin orderto verify thisobservation.Also
we mustusecautionwheninterpretingthevisualizationsof
either the vorticity or pressuregradient�elds on a stream
surfacebecausethesearenotalwaysalignedwith thestream
surfacegeometryasin the caseof the �o w �eld. Nonethe-
less,our hybrid visualizationallows theengineerto explore
therelationshipbetweenvelocity, vorticity, andpressuregra-
dientattribute�elds in anovel way.

5. Conclusionsand Futur eWork

We have introduceda novel hybrid visualizationof texture
advectiononstreamsurfaces.We'veappliedthetechniqueto
threeimportantpatternsof �o w from automotivesimulation.
The combinationof texture-advection and streamsurfaces
raisesboth technicalandvisual challengesthat canbe ad-
dressedwith bothinteractionandsimplebut intelligentcolor
mappingchoices.Wealsoexperimentedwith advectingtex-
turesaccordingto variousvector�elds de�ned at thestream
surfaceincluding�o w, vorticity, andpressuregradient�elds.
Thehybrid visualizationallows engineersto explorethere-
lationshipsbetweentheseattributesin a way not previously
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possible.Our investigationshows thattexture-advectionen-
hancesstreamsurfacesby depictingpropertiesof the �o w
that the surfacesalonecannot.In this case,the texture ad-
vectionpointsout both ideal andnon-idealsubsetsof �o w
motion.Thehybrid visualizationsalsoprovideamuchmore
detaileddepictionof simulationresultsthanstreamsurfaces
alone.Althoughmorevisualinformationprovidesfurtherin-
sight to thoseengineersanalyzingthesimulationresultsthe
hybrid visualizationdoeshave limitations.

Futurework could take on several directionsincluding the
computationof of time-dependentstreamsurfaces.Therela-
tionshipof streamsurfaceswith othertopologicalfeaturesof
the �o w alsolooksto bea fruitful researchdirection.Com-
puting a texture advectionvisualizationin true 3D (asop-
posedto surfacesin 3D) continuesto be a challengeto re-
searchers.The optimal trade-off betweendomaincoverage
andperceptibilitypromisesto beelusive for yearsto come.
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Figure 9: (color plate) (left) A hybrid streamsurface–texture advectionvisualizationthe tumblepatternof motionfrom the
simulationresultsof a gasengine. In this case, texture propertiesare advectedaccording to vorticity andcolor is mappedto
helicity. (right) A hybrid streamsurface-texture advectionvisualizationwith pressure gradientmagnitudemappedto hueand
textureadvectionappliedto thepressuregradient�eld. Thesamestreamsurfaceis shownfroma differentview point.
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