
Aspect ratio dependence of laminar horizontal

convection

Giuseppe Vacca∗1, Olga Shishkina2, Roberto Verzicco3,4,5, and Detlef Lohse1,2

1Physics of Fluids Department, Max Planck Center for Complex Fluid Dynamics, University of Twente,

P.O. Box 217, 7500 AE Enschede – Netherlands
2Max Planck Institute for Dynamics and Self-Organization – Am Faßberg 17 37077 Göttingen, Germany
3Physics of Fluids Department, Max Planck Center for Complex Fluid Dynamics, University of Twente,

P.O. Box 217, 7500 AE Enschede – Netherlands
4Dipartimento di Ingegneria Industriale – University of Rome “Tor Vergata”, Via del Politecnico 1,

Roma 00133, Italy
5Gran Sasso Science Institute, Viale F. Crispi 7, 67100 L’Aquila – Italy

Abstract

Horizontal convection (HC) provides a minimal paradigm for studying buoyancy-driven
transport that is central to ocean circulation and climate (Hughes & Griffiths 2008, Annu.
Rev. Fluid Mech.). In the standard HC configuration, buoyancy is supplied and removed ex-
clusively through the bottom boundary of a horizontal fluid layer, and the dynamics are com-
monly characterized by the Rayleigh and Prandtl numbers. However, an often underempha-
sized control parameter is the domain aspect ratio $Γ$, whichcanstronglyinfluencethefloworganizationand, consequently, theconvectiveheattransport.Toquantifyitsimpactsystematically, weperformedanextensivesetofthree−
dimensionaldirectnumericalsimulationsspanningabroadrangeofRayleighnumbersandaspectratios.
Wefindthatdomaingeometryhasaremarkablystrongimpactonhorizontalconvection.Inparticular, as$Γ$increases, theonsetofanorganizedcirculationshiftstohigherRayleighnumber.Moreimportantly, weshowthatgeometrycontrolsthescalinglawsofconvectiveheattransport.OursimulationsclarifyhowthesystemundergoesatransitionfromtheRossby−
typelaminarregime$I l$(Rossby1965,Deep-Sea Res. Oceanogr. Abstr) tothe$I l̂{∗}$regimepredictedbytheShishkina−−Grossmann−−Lohsetheory(Shishkina,Grossmann&Lohse2016,Geophys. Res. Lett.).ThetransitiontoI$ l̂{∗}$iscontrolledbyverticalconfinement, whichforcesthekineticboundary − layerthicknesstosaturateinshallowconfigurationsandleadstoadistinctchangeintheobservedNu(Ra)scaling.Overall, ourresultsdemonstratethatdomaingeometryisnotasecondarydetailbutakeyingredientforinterpretinglaminarHC.Accountingfortheeffectof$Γ$isthereforeessentialwhenformulatingpredictivescalingtheoriesforgeophysicalapplications.
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