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Summary A Large-EddySimulation(LES) is conductedto investigatethecharacteristicsof themean�o w andtheturbulencestructure
of the boundarylayer along a compressioncorner. The compressioncornerhasa de�ection angle� = 250 , and the meanfree-
streamMach numberis M 1 = 2:95. The Reynoldsnumberbasedon the incomingboundarylayer thicknessis Re� 0 = 63560in
accordancewith referenceexperiments.An analysisof the�o w computationshows a goodagreementwith theexperimentin termsof
meanquantities(shockposition,separationzonelength,skin friction andsurfacepressuredistributions)andturbulencecharacteristics.
A mechanismof turbulenceampli�cation in the external �o w by travelling compressionwavesis proposed.The existenceof three-
dimensionallarge-scalestructures(Görtler-typevortices)is shown .

INTRODUCTION

Shock-wave / turbulent-boundary-layer interactionfor compressioncorner�o w is a canonicaltest casefor turbulence
modelling.AlthoughnumerousRANScomputationswereperformed,mostof themfailedto predictsomecrucialcharac-
teristics.On theotherhandDNS computationsaretooexpensiveto beapplicablefor practicalcon�gurations.LES is the
mostappropriatenumericaltool sinceit givesanaccurateinstantaneous�o w representation.Althoughdifferentsubgrid-
scalemodelshave beenextensively testedthroughoutthe world, mostLES computationsarestill limited to Reynolds
numberswhicharesigni�cantly lower thentheir experimentalcounterparts.
Thecurrentnumericalinvestigationis aimedatadirectcomparisonwith anavailableexperiment.For thispurposeall �o w
parametersandthe �o w geometryarematchedwith theexperiment[1]: the free-streamMach numberis M 1 = 2:95,
the Reynoldsnumberbasedon the incomingboundarylayer thicknessis Re� 0 = 63560, the rampde�ection angleis
� = 250. By matchingdirectly theexperimentalparametersthepredictionquality of theemployedsubgrid-scalemodel
canbeassessedwithoutfurtherassumptions.Givenasuccessfulvalidation,thecomputationalresultsprovideanimportant
sourceto analysethe�o w physicsin detail.

NUMERICAL TECHNIQ UE

For currentLES we employ theApproximateDeconvolution

Figure 1. Densitygradientaveragedin spanwisekr � k (com-
putedimitationof Schlierenvisualization)

Model (ADM) [2] for modelling the sub-gridscales. The
conservation equationsfor the �ltered density, momentum
andtotal energy aresolved in curvilinearcoordinates.A 6-
th ordercompact�nite-difference schemeis usedfor spatial
discretizationandan explicit low-storage3-rd orderRunge-
Kutta schemeis applied for time advancement. Boundary
conditionsareappliedasfollows: periodicconditionsin the
spanwisedirection,spongetechniqueat theout�ow [3], non-
reflectingconditionwith spongelayerat theupperboundary,
andisothermalconditionat the wall. The wall temperature
distribution alongthestreamwisedirectionin the interaction
region is taken from the experiment[1]. The in�o w condi-
tionshave beengeneratedby a separate�at-plate boundary-
layersimulationusingtherescalingandrecycling procedure
describedin [4].
The computationaldomainhasa size of 26:6� 0 � 4:2� 0 � 4:1� 0 in streamwise,spanwiseand wall normal direction
respectively (� 0 is the boundarylayer thicknessat in�o w) and701 � 132 � 201 points. The simulationwasrunning
over 144� 0=U1 characteristictime scales.For statisticalanalysis,the�eld wassampled265times. To further improve
statisticaldatathecollectionof samplesis still in progress.

SIMULA TION RESULTS

OnFig. 1 onecanclearlyidentify themain�o w �eld structuresin theconsideredcon�guration: theundisturbedincoming
turbulentboundarylayer (1) interactswith theshockwave (2) resultingin theappearanceof a separationzonenearthe
corner(3) andacontainingshearlayer(4). All these�o w featureswerealsofoundin theexperiment[1] andall calculated
scales(separationzonelength, shockposition and slope)agreewell with the experimentaldata. Another interesting
featureis theexistenceof weakcompressionwaves(5) abovethereattachedshearlayer. Suchwaveswereobservedalso



Figure2. Time-averagedskin friction coef�cient distributionat thewall

in previous DNS [3]. Experimentsalsoexhibit compressionwavesin the describedarea. The compressionwavesare
probablycausedby unsteadymotionof theshockwave. They emergefrom theshockfoot andtravel furtherdownstream.
It seemsthat thesewavesareresponsiblefor theampli�cation of turbulencelevels in theexternal�o w afterpassingthe
shock.Theshocksystemunsteadinessitself is a crucial issuefor wall loads:dueto randomshockmotiontheroot mean
squareof thepressure�uctuationsat thewall canreach20%of meanpressureneartheseparationline, whichagreeswith
experimentallyobservedvalues.
A detailedconsiderationof the �o w �eld shows indicationsof large three-dimensionalstructures.In Figure2 a time-
averagedskinfriction coef�cient distributionatthewall is shown nearthecorner. Thethin blackline indicatesCf = 0, the
thick verticalline indicatesthecompressioncornerposition.Two divergenceandtwo convergencelinesafterreattachment
canbeclearlyseen.Similar oil-�o w patternsobservedin experimentsareassociatedwith Görtler-typevortices.In both
casesthe vortex width is about2� 0. Large-scalevortical structuresin�uence mass,turbulenceandheattransferfrom
external�o w towardsthewall. Eventually, thesevorticesstronglyaffect theskin friction distribution: in thereattachment
regionskin friction canvaryalongspanwisedirectionwith theamplitudeequalto the�at-plate boundary-layervalue.
In Figure3 theskin-friction-coef�cient distributionin streamwisedi-
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Figure3. Skin friction coef�cient at thewall

rectionis shown, opendotsdenoteexperimentalvalues,�rst vertical
dottedline indicatesthecompressioncornerposition,thesecondver-
tical dottedline thatof therarefactioncorner(not consideredin the
presentsimulation). The skin friction coef�cient averagedin time
and in spanwisedirection is denotedby solid line, minimum and
maximumvaluesoverthespanwisedirectionareindicatedasdashed
lines (only in the interactionregion). Unfortunately, the spanwise
positionof the experimentaldataprobeswith respectto the large-
scalestreamwisevorticesis unknown.
Sofar, theturbulencestatisticshavebeenanalyzedonly qualitatively
andwill be presentedmorecomprehensively durin the conference.
Relativegrowthof density, momentumandvelocity�uctuationsafter
interactionwerefoundto agreeexperimentalldata.

CONCLUSIONS

TheLarge-EddySimulationwhichwasperformedfor �o w parametersmatchingareferenceexperimentprovesthepossi-
bility of a correctnumericalpredictionof shock-wave / turbulent-boundary-layer interactionat compressioncorners.Its
analysisalsoimposesnew requirementsfor theexperimentswhichshouldtake into accountthree-dimensionaleffects.A
studyof subsequentboundary-layeraccelerationin a Prandtl-Meyerrarefactionis currentlyin progress.
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