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Turbulentfluidsladenwithsmall,heavyparticlesarecommoninnature.Promi-
nentexamplesofsuchturbulentsuspensionsarewaterdropletsinwarmclouds,
aswellasparticulatematterorlivingorganismsintheturbulentupperlayerof
oceans.Becauseoftheirinertia,heavyparticlestendtodistributeinhomogeneously
overphase-space,andoverconfigurationspace.Thisphenomenonisreferredto
asclustering,anditisbelievedtohaveastrongimpactontherateofcollisions
betweenparticles.Thecollisiondynamics,inturn,iscrucialforthetimeevolution
ofturbulentsuspensions,ascollisionsenabletheparticlestogrowinsize.

Inthisthesis,Istudythephase-spacedistributionofheavyparticlesinturbu-
lenceintermsofasimplified,statisticalmodelthatqualitativelycapturestheparticle
dynamicsonthesmallestlengthscalesofturbulence.Iusemethodsfromdynam-
icalsystemstheory,andthetheoryoflargedeviations,todescribethelong-time
behaviouroftheparticledistribution.Inmostpartsofthethesis,Iinvestigatesus-
pensionsofidenticalparticles,andstudystatisticalobservablesthatcharacterise
clusteringinphase-space,andinconfigurationspace.

Forthese‘mono-disperse’suspensionsIanalysephase-spaceclusteringina
one-dimensionallimitbycomputingthelarge-deviationstatisticsofphase-space
finite-timeLyapunovexponents,andthephase-spaceRenyidimensions.Spatial
clusteringisstudiedbyprojectingthephase-spacedynamicstoconfigurationspace.
Ishowhowthelarge-deviationstatisticsofspatialfinite-timeLyapunovexponentsis
affectedbythisprojection,andtheeffectsithasonthespatialcorrelationdimension.

Finally,Iextendtheanalysistoparticlesuspensionsoftwodifferentsizes.I

showthatthis‘poly-dispersity’hasastrongeffectonthephase-spacedistribution

ofparticles,whereitleadstoaplateauinthedistributionofseparationsandrelative

velocities.
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