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Abstract

Turbulent convection in the interiors of the Sun and the Earth occurs at high Rayleigh
numbers Ra, low Prandtl numbers Pr, and different levels of rotation rates. To understand
the combined qualitative effects better, we study rotating turbulent convection for Pr = 0.021,
and varying Rossby numbers Ro, using direct numerical simulations in a slender cylinder of
diameter one-tenth its height. This confinement allows us to attain high enough Rayleigh
numbers. We are motivated by the earlier finding in the absence of rotation that heat
transport at high enough Ra is similar between confined and extended domains. We make
comparisons with higher aspect ratio data where possible. We study the effects of rotation on
the global transport of heat and momentum as well as flow structures for increasing rotation
at a few fixed values of Ra as well as for increasing Ra (up to 10ˆ{10}) at the fixed, low Ekman
number of 1.45×10̂{−6}.Wefindthattheflowstructure, whichisinitiallyhelical, developsprogressivelyfinercomponentswithincreasingthermalforcing.Theflowstructurefeelstherotationstronglyneartheonset, withsuppressedvariationalongtheverticaldirection.WithincreasingRayleighnumbers, however, theresilienceincreasesandtheflowconfigurationshowsastrongresemblancetoitsnon− rotatingcounterpartathighRayleighnumbers.Inspiteofthisfeature, theessentiallyisothermalbulkregion, observedtoexistinwiderconvectiondomains, isabsentintheslendercell.Y ettheheattransportscalingisthesameasinwidercellsforagivenhighRayleighnumber, whichshowsthesecondaryroleofthebulkflowforglobalheattransport.Forinstance, weobservedthattheNusseltnumberintherotatingcellscalesasRâ{0.95}forRabetween10̂8and10̂9, whichisclosetothatfoundinawidercellatasimilarPrandtlnumber.WeobtainedthemeantemperaturegradientinthebulkregionoftherotatingslendercellsandfoundthatitsvariationwithRaissimilartothatinextendeddomains.WealsoanalysedthewidthoftheEkmanlayerandthevelocityprofileintheregionnearthehorizontalplates, andobservedverysimilarbehaviourtothatinrapidlyrotatingconvectiveflowsinwiderdomains.Thustheeffectsofrotationontheslenderconvectionaresimilartothoseinextendedconvection, eventhoughthenon− rotatingcaseexhibitsdifferingbehaviour, aslongasRaishighenough.WefindthattheeffectsofrotationdiminishwithincreasingRayleighnumber.Theseresultsandcomparisonstudiessuggestthat, forhighenoughRayleighnumbers, rotationaltersconvectiveflowsinasimilarmannerforsmallandlargeaspectratios, andsousefulinsightsontheeffectsofhighthermalforcingonconvectioncanbeobtainedbyconsideringslenderdomains.Reference : Pandey,A.&Sreenivasan,K.R.2024.Turbulentconvectioninrotatingslendercells.J.F luidMech.999, A28.
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