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Summary:We investigate dispersion of passive tracer andbleupreferential accumulation in the flow betwe&rm tconcentric
cylinders. The dispersive characteristics are aedlfor Taylor Vortex Flow, Wavy Vortex Flows andly Turbulent Taylor-Couette
flows. Experiments based on flow visualization, RiMd PLIF measurements are compared to direct mahemmulations of Navier-
Stokes equations coupled to Lagrangian trackinfuaf elements and bubbles. In vortical flows, bigbaccumulation is driven by a
competition between added-mass effect, lift andyanoy forces. At low to moderate Reynolds numbties flow is strongly coherent
and bubble accumulation patterns can be predibtmtetically (stability analysis of fixed point§)hen turbulence sets in, small scale
structures enhance dispersion. This complex situatihere large-scale coherent structures interdbtfime scale turbulence leads to
bubble mixing which have been analyzed by numesgallations. Several distributions of bubbles aloserved depending on the
respective magnitude of turbulence and buoyanogfor

INTRODUCTION

The flow between two concentric rotating cylindé&s@s many industrial applications (mixing, emulsjgneduction,
reactors). Moreover, it is an academic configurat{simple geometry) to study dispersion of passraeers and
bubbles because the transition to turbulence igrpesive through successive instabilities and téfiions of the flow.
The flow dynamics is controlled by two dimensioslesimbers when the outer cylinder is fixed Ref,-r;)/v and
n=rr, (see fig. 1 for geometry andis the fluid kinematic viscosity). We investigatispersion mechanisms for all the
following configurations of the flow: TVF (Taylorortex flow), WVF (wavy vortex flow), MWVF (modulatewavy
vortex flow, see fig. 2) and TTC (turbulent TaylBouette flow). Both numerical simulations (usingedt solution of
the Navier-Stokes equations coupled to Lagrangiacking of fluid elements or bubbles) and experitsenill be
compared.
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Figure 1: (Left) Geometry of Taylor-Couette vortices — (RigSketch Figure 2: (Left) Visualization of modulated wavy vortex flo
of experimental device. (Re=2000).(Right) Spectrum with two peaks relatechbdulated waves
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AXIAL DISPERSION OF A TRACER

When a passive tracer is injected in the flow, ity its axial dispersion is a key point for miohg the mixing
efficiency of the device. For pure Couette azimuflvav, axial dispersion is a molecular phenomebaracterized by
the Schmidt numbew(D,). TVF is a cellular flow leading to intra-vortexixing but weak inter-vortex diffusion. As
Re increased azimuthal symmetry is broken yieldingigher values of the effective axial diffusiomefficient Dy. We
defined the Schmidt number as SgB.. In fig. 3, we compare the effective axial diffusiobtained from simulations
to experiments based on light attenuation of ca@duracers. In simulations, the flow is seeded w000 Lagrangian
particles whose mean square displacement evolutitme gives the diffusion coefficient.
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Figure 3: Evolution of effective Schmidt number Figure 4: Snapshots of velocity field for Re=6000
Sc=v/Desf  VS.Reynolds number Re. from simulations (top) and experiments (bottom).

3 Corresponding author. Emadiric.climent@imft.fr



XXIIICTAM, 19-24 August 2012, Beijing, China

The agreement between simulations (DNS with ourecdadim) and experiments (with different fluidd, aicid and
water andn=0.85) is very good although data are more scattéoe WVF and MWVF. When the vortices become
wavy, the flow is characterized by two wavenumbersal and azimuthal wavenumbers (m,n). Both nmrare related
to the flow history to reach a particular Re vaMée confirm that this have a significant effectdifiusion as suggested
by Rudman [1]. Modulation of wavy vortices (detettey a second frequency in the temporal spectrutheofelocity —
fig. 2) enhances inter-vortex fluid exchange. Oupegimental visualizationsnE0.69) coupling PIV and PLIF
measurements emphasize inter-vortex mixing leattirnhanced axial diffusion for large azimuthal emwmbers.

BUBBLE DISPERION IN A TURBULENT FLOW
When Re is further increased, small scale flowcstmes feed the coherent structures (see fig. Rfdrexperiments and
DNS simulations). This corresponds to turbulenagmssive onset. Our direct numerical simulatisults have been
successfully compared to referenced data [2, 3§ i@Bvariance in simulations has been achieved wWieringbone-like
patterns are finely meshed near the wall. The flboeomplex as it is composed simultaneously of nésoent coherent
WVF vortices and small scale sheared turbulengeSfi We investigated bubble dispersion in suclvdldor various
Re (ranging from 5,000 to 10,000) amchumbers (from 0.5 to 0.9). Bubble tracking is ntioaly achieved by solving
force balance including buoyancy, drag, added-nthggmic pressure gradient and lift forces. Whelbtes reach the
wall, we assume that an elastic rebound occurs.
Bubbles do not follow fluid pathlines because ddrifa effects (centripetal migration towards theeincylinder and
towards the core of vortices) and lift force. Bubblynamics in TVF, WVF and MWVF has been descriimefdl] and
compared to experiments [5]. This study was basefinding fixed points of a dynamical system arabdity analysis.
We move on turbulent regime where mixing is strand such theoretical prediction impossible.

Figure 5: Flow visualization of simulations (Re=80680.5). Figure 6: Instantaneous positions of bubbles (Re=8¢80.5).

Because bubbles are massless, they are attrastedd®the inner cylinder. They interact both witingle scale wavy
vortices and small scales turbulence leading te ficcumulation patterns (fig. 6). Depending on téagpective
magnitude of added-mass, lift and buoyancy forbesaccumulation pattern is modified. For large galafn, bubbles
remain within the core of vortices while weakly ated flows (lown) force the bubble to accumulate in the close
vicinity of the inner wall. Buoyancy effects dritlee bubbles vertically while they leave vorticesiddr such conditions,
spiral patterns can be observed. All those regiofesccumulation will be presented and analyzederms of radial
profiles of void fraction and other Eulerian andjtangian statistics.

CONCLUSION
We have highlighted several features of dispersiechanisms (fluid elements and bubbles) withinfithe between two
concentric cylinders (inner cylinder rotating). Badirect numerical simulations of the flow and épries have been
compared to optical measurements (PIV and PLIF).
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