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Abstract

We report an experimental investigation of turbulent Rayleigh–Bénard convection in
a rectangular cell of large aspect ratio ($Γ = 10$)overtheRayleighnumberrange$5.4 ×
10̂7 ≤ Ra ≤ 7.2× 10̂9$andPrandtlnumberrange$4.3 ≤ Pr ≤ 67.3$.P lanarparticleimagevelocimetrymeasurementsshowthattheflowself − organisesintoseveralhorizontallystackedconvectionrolls, andrepeatedexperimentsunderidenticalparameters(both$Ra$and$Pr$)revealthatthenumberofrollsvarieswithintherangeof3to7with6beingthemostprobable, whichdemonstratesthepresenceofmultipleflowstates.When$Pr$isincreasedto67.3, thenumberofroll − likestructuresincreasessignificantly, indicatingastructuraltransitionfromaroll − dominatedtoaplume− dominatedflow.Thistransitionisreflectedintheglobalmomentumtransport, for$Pr ≤ 18.3$theReynoldsnumberscalesas$Re ∼ Râ{0.58}P r̂{−0.97}$, whereasthescalingischangedto$Re ∼ Râ{0.72}$when$Pr$reaches67.3.Withinindividualrolls, wefurtherexaminetheReynoldsnumbersbasedonhorizontalandverticalvelocitycomponents, $Re {u, {roll}}$and$Re {w, {roll}}$, andfindthattheformerincreaseswhilethelatterdecreaseswithrollsize(quantifiedastheaspectratiooftheroll$Γ {roll}$)duetocontinuityconstraints, withtheirratiofollowing$Re {w, {roll}}/Re {u, {roll}} ∼ Γ {roll}̂{−0.61}$.Weimposedifferentinitialflowconditions(rollstructures)withcontrolledperturbations, anddemonstratethattheinitialconditioncaninfluencethefinalturbulentstate.Weshowthatthenumberofhorizontallystackedrollsregulatestheglobaltransport : largernumberofrollsinducesgreaterverticalmomentumandheattransfer.OurstudyprovidesthefirstsystematicexperimentalevidenceofmultipleflowstatesinlargeaspectratioturbulentRayleigh−−Bénardconvectionandclarifyhowthesestatesinfluenceglobaltransport.
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