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Abstract

We studied the navigation of a self-propelled inertial particle in two-dimensional Rayleigh–
Bénard convection at Prandtl number Pr = 0.71 and cell aspect ratio Γ = 4, overRayleighnumbersRaintherange10̂{7}to10̂{11}.Areinforcement− learningcontrollerselectsthepropulsiveaccelerationboundedbyanupperlimittocompleteafixedhorizontaldisplacement.Navigationperformanceisassessedbythesuccessrate, thecompletiontimeandthepropulsionenergy.Thedependenceofthesemeasuresonflowintensityisinterpretedusinginstantaneousflowfieldsandproperorthogonaldecomposition(POD).WefoundthatthesuccessrateinitiallyremainszeroandthenincreaseswiththeactuationboundA {max}.AtmoderateRa, theriseisabrupt;whileathigherRa, itisgradualandtheonsetshiftstolargerA {max}.ThecompletiontimedecreaseswithA {max}andincreaseswithRa,withdiminishingbenefitonceA {max}islarge.ForfixedA {max}, thepropulsionenergyrequiredtotraversethesamedistancedecreaseswithRa.ThePODanalysisrevealsthattheseperformancedifferencesaremanifestationsofthechangeinthecarrier − floworganisation.AtmoderateRa, adominantlarge− scalecirculation(LSC)partitionsthedomainintobasinsseparatedbytransportbarriers, sobarriercrossingrequiresafinitesurplusofpropulsiveacceleration.AthigherRa, theLSCbreaksintosmallervortices, energyspreadsovermanymodes, barriersfragmentanddrift, andtransientplume− assistedpathwaysaidmotion.Comparedwithaconstant− headingnaivebaseline, thelearnedpolicyconsumeslesspropulsionenergy, anditsenergybenefitgrowswithRa.Theseresultsconnectconvective− floworganisationtonavigabilityunderboundedactuationandprovideguidelinesforselectingactuationlimitsinbuoyancy − drivenflows.
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