etCi4g

14TH EUROPEANTURBULENCE CONFERENCE 1-4 $PTEMBER2013, LYON, FRANCE

LAGRANGIAN STATISTICSOF PARTICLESIN ROTATING TURBULENT CONVECTION

H.J.H. Clerc?, P. Perlekdr L. Del Castellb & F. Toscht
'Fluid Dynamics Laboratory and JM Burgers Center for Fluid Dynamics, Department of Applied Physics,
Eindhoven University of Technology, The Netherlands

Abstract The effect of background rotation on the dispersibr{inertial) particles in confined forced rotajiurbulence and i
turbulent rotating convection has been stu and compared where possibli#e choose the coordinate system such that bot
rotation vector and gravity igarallel to the vertical axiWith 3D Particle Tracking Velocimetryxperiments we have quantid
statistically the effect of system rotation on #ieFs and autocorrelations velocities and accelerations of (passifluid particles
in rotating turbulence. Subsequently we hextended this study by exploring the effect of sgstrotationand buoyancy on the
dispersion of passive and inertial particles iratiog thermally driven turbulen between two horizontal flat pla. The PDFs of
horizontal and vertical accelerations of passiveigias in turbulent rotating convection show samibehawour as found in the
laboratory experiments in isothermal forced rotiarbulence. When the particles have inertia dtiserved that the picles tend
to collect in anticyclonic regions of the flow eveally resulting in deletion of particles in théulk of the flow (and accumulating
near the top and bottom wall).

INTRODUCTION

The effect of background rotation on the dynamiésfloid flows is ubiquitous in larc-scale geophysical and
astrophysical flows, as well as in the contextrmfustrial rotating machinery. In many of these eglas also buoyanc
may play a crucial roldn this contribution we will discuss and comparetamgian data sets measured in (isother
forced rotating turbulence experiments and obtaime®NS of turbulent rotating convectic

ROTATING TURBULENCE

It is well-known that the Coriolis accelerat term in the NavieStokes equations is responsible for altering the
dynamics including anisotropisation of turbulemwk: 3D turbulent flows subject to fast backgrowothtion evolves
towards a quas?D state, which is characterised by a stronmping of velocity gradient components along
direction parallel to the rotation axis (and forimatof vortex tubes parallel to the rotation axBased on Lagrangic
measurements by 3D Particle Tracking Velocimetrihefvelocity and acceleration tiny solid particles embedded
the rotating fluid, we have been able to quantifgtistically the effect of system rotation on th®H3 anc
autocorrelations of fluid particle velocity and af@ration in rotating turbulence for a range of @insionlessinverse
rotation rates (denoted by the Rossby nui, defined as Ro=U/@L), with U and Lthe typical velocity and length
scale in the turbulent flow ard the rotation raf). The Rossby numbaewill be as small as.05 for the rapid rotation
case [1,2]Typical results will be discuss and in particular the behaviour of the acceleraB@¥s, see Figure.
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Figure 1. Horizontal (left) and vertical (right) accelerati®iFs of passive tracefrom experimentén forced rotating turbulence fi
a variety of rotation rate§he PDFs are based on 8° (horizontal velocity) and 4xfQvertical velocity) data points. Hardly a
skewness is observed for all rotation rates. Thitokis K is generally large (K>10) eept for the highest rotation re



ROTATING THERMAL CONVECTION

Particle dispersion in buoyancyiven rotating turbulence has been studied by DW®. have used here a Latt
Boltzmann Method coupled with Lagrangian particiecking algorithr [3] to invesigate the behaviour of (inertie
particles released in turbulent rotating Rayl-Bénard (RB) convection. The flow domain is horizohtaderiodic anc
vertically confined. Both gravity and rotation asgented in the vertical direction. Here we pre the results of the
acceleration PDFs of particles in both -rotating and strongly rotating RB convection (far#®.25). It is found the
the bulk acceleration PDF in naoatating RB turbulence is like in homogeneous it turbulence whereas rotat
introduces anisotropy similar to the acceleratiddFP obtained from experiments in (isothermal) fdraetating
turbulence [2]We will discuss these PDFs and dispersion resaoltpéssive fluid elements and those obtainec
inertial particles in rotating convection.

When inertia starts to become important the Carifalice should be included in the equations of amotif the particle
according to the sketch in Figure 2. The Coriotiscé introduces an additional compressibility meisa for the
particle velocities. It turns out th&dr Stokes number around unity, reflecting that pagtiglaxation time and typic
flow time scale are similar in magnitucinertial particlesare depleted from cyclonic regions and accumulatent-
cyclonic areas. This phenomenon is nicely illusilain the middle and right panels of FigureThe consequences of
the effect of the Coriolis force for inertial pafés in rotating turbulent nvection is shown in Figure
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Figure 2. Numerical simulations ahertial particles with Stokes number of order wyriit shallow fluid layersbh) Without rotation
particles are swept out of the vortical struct, and c) vith system rotation particles prefer anticycloregions

Figure 3. Representative plot of the heavy particle distritnutat the initial time and at later timfrom numerical simulationin
rotating RayleighBénard convection (Ro=0.25). The presence of the @oiiarce leads to enhanced ejection of partickesni
regions of cyclonic vorticity but accumulation in thegien of anticyclonic vorticity. These particles @ahen transported towds the
top and bottom walls by the vertical velocity odtsithe cyclonic vertical vorticity tubes. The psa-color plot indicates the
presence of vertical vorticity tubes.
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