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Taylor-Couette flow
Angular momentum convection

Rayleigh-Bénard flow
Heat convection



Geometric parameters

Driving parameters

Shear + rotation parameters



Rich flow structures at low Reynolds

Andereck, Liu, Swinney, J. Fluid Mech., 164 (1986): 155-183



The transition to turbulence of TC flow

R. Donnelly,  “Taylor-couette flow: the early days”, Physics Today 1991

Increasing Reynolds number



Do the rolls dissapear at large Re?

Increase Reynolds enough

Lathrop DP, Fineberg J, Swinney HS. 1992. Phys. Rev. A 46:6390–6405



Seen in some experiments at high Reynolds number

Huisman SG, van der Veen RCA, Sun C, Lohse D. 2014.  Nat. Commun. 5:3820



Also in DNS with periodic conditions



Seen in some experiments at high Reynolds number

Huisman SG, van der Veen RCA, Sun C, Lohse D. 2014.  Nat. Commun. 5:3820



Rolls are persistent in time



They seem to be resistant to axial flow



Axial autocorrelations with imposed flow

Azimuthal velocity
Radial velocity

Axial Direction



Rolls cause a very clear separation of BL & bulk



Boundary layers show log-layers

Re=3x105

Re=2x105

Re=1x105

Re
τ
~4000

Profiles “bend” around 5% gap width: flat bulk

Inner cylinder



Re=1x105

+ axial flow

Re=3x105

Re=2x105

Re=1x105

Inner cylinder

How logarithmic are the profiles?



Lozano-Durán, Jiménez, Phys. Fluids , 26 (2014), 011702

S-like behaviour in similar Reτ channels

Reτ=4050
Reτ=1950
Reτ=1010
Reτ=550



Mean profile looks similar to other flows

Streamwise velocity profile for Reτ = 2000

Is this “log-layer” behaviour apparent in other statistics of TC flow?



Overlap layers appear for the fluctuations

Re=3x105

Re=2x105

Re=1x105

Inner cylinder



Re=3x105

Re=2x105

Re=1x105

Overlap layer in velocity fluctuations

Reτ is too small to see overlap in u'r

Streamwise (azimuthal) velocity fluctuations Spanwise (axial) velocity fluctuations



Rolls show up inside the boundary layers

Spanwise length

Streamwise length



Look at the azimuthal velocity spectra

Re=1x105

+ axial flow

Re=3x105

Re=2x105

Re=1x105

Large-scale rolls are attached to the wall

Premultiplied azimuthal spectra at Premultiplied axial spectra at



What about the radial velocity?

Re=1x105

+ axial flow

Re=3x105

Re=2x105

Re=1x105

Rolls are active, they transport angular velocity near the wall

There is a maxima in the cospectra for axisymmetric rolls inside the BL

Premultiplied axial spectra atPremultiplied azimuthal spectra at

Ostilla-Mónico, Verzicco, Lohse, J. Fluid Mech. (2016)



Going to large computational boxes...



Fixed structures persist in larger boxes



Fixed structures persist in larger boxes



Fixed structures persist in larger boxes



And even larger boxes



Different roll states for same box



Spanwise velocity (streaks) in BL



Velocity profiles depend on roll wavelength and not number



Dependence becomes weaker at higher Re

Ostilla-Mónico, Verzicco, Lohse. Phys. Fluids (2015)



Add “riblets” to regularize streaks:

Zhu, Ostilla-Mónico, Verzicco, Lohse. J Fluid Mech (2016)



Add “riblets” to regularize streaks:

Zhu, Ostilla-Mónico, Verzicco, Lohse. J Fluid Mech (2016)



Suddenly make cylinders free-slip: decaying turbulence

Zhu, Ostilla-Mónico, Verzicco, Lohse. J Fluid Mech (2016)



Suddenly make cylinders free-slip: decaying turbulence



Decaying TC tubulence preserves rolls for some time



First decay regime: rolls remain active

Constant energy in rolls

Ostilla-Mónico & others, in preparation



Curvature & mean rotation prevent the existence of rolls

Ostilla-Mónico, van der Poel, Verzicco, Grossmann, Lohse. J. Fluid. Mech, 2015

Large scale rolls exist only in certain regions of 
parameter space

Pure inner cylinder rotation



Local flow organization depends on curvature

Two plates (plane Couette)
Vanishing inner cylinder



Co-rotation
No large scale rolls

Weak counter-rotation:
Large scale rolls 

which fill the entire gap

Strong counter-rotation:
Large scale rolls pushed 
towards inner cylinder

Local flow organization depends on mean rotation



Counter-rotation: mixed dynamics



Co-rotation
No large scale rolls

Weak counter-rotation:
Large scale rolls 

which fill the entire gap

Strong counter-rotation:
Large scale rolls pushed 
towards inner cylinder

unstable stable

Local flow organization depends on mean rotation



Different behaviour at both cylinders

Brauckmann, Eckhardt, Phys. Rev. E (2013)
Brauckmann, Salewski, Eckhardt, J. Fluid Mech (2016)

Torque at inner and outer cylinder Onset of intermittency



Pure outer cylinder rotation: linearly stable

Ostilla-Mónico, Verzicco, Lohse, JFM Rapids (2016)



Angular momentum profile looks very different

Ostilla-Mónico, Verzicco, Lohse, JFM Rapids (2016)



Wall profiles look different in the bulk

Ostilla-Mónico, Verzicco, Lohse, JFM Rapids (2016)



Transport takes a very different character



Spectra at wall become similar to other flows

Azimuthal velocity
Radial velocity

Ostilla-Mónico, Verzicco, Lohse, JFM Rapids (2016)



Quasi-Keplerian regime

TC is linearly stable if:

Solid body rotation

Quasi-Keplerian boundary conditions

Grey area:



No turbulence seen up to Re~105

Simulation of experimental setups

Turbulent kinetic energy seems to decay exponentially

Avila, Phys. Rev. Lett (2012)
Ostilla-Mónico, Verzicco, Grossman, Lohse, J. Fluid Mech. Rapids (2014)

Shi, Rampp, Höf, Avila, Comp&Flu (2015)



Summary

- Taylor-Couette parameter space is extremely rich

- Three possible scenarios: linearly stable, linearly unstable and mixed

- Linearly unstable TC flow has large-scale rolls which cause very distinct properties. 

- Linearly stable lacks the large-scale rolls, but still some properties are different.

- Quasi-Keplerian regime: up to now no conclusive evidence for turbulence up to Re~105 



Small taste of Rayleigh-Bénard



3D flow: large scale patterns



Video by R. J. A. M. Stevens & A. Blass

Inside the Boundary Layer at Ra = 108



2D: Control structure topology with velocity 
boundary conditions

van der Poel,  Ostilla-Mónico,  Verzicco, Lohse, Phys. Rev. E (2014)

Periodic sidewalls No-slip sidewalls Stress-free sidewalls



Bursting with periodic BC in small domains

van der Poel,  Ostilla-Mónico,  Verzicco, Lohse, Phys. Rev. E (2014)



Reduced heat transport with small Γ

van der Poel,  Ostilla-Mónico,  Verzicco, Lohse, Phys. Rev. E (2014)



Certain BCs cause onset of “zonal” flow

van der Poel,  Ostilla-Mónico,  Verzicco, Lohse, Phys. Rev. E (2014)

Heat transport significantly reduced at high Ra



Mixed temperature BCs have little effect

Ripesi, Biferale, Sbragaglia,  Wirth, J. Fluid Mech (2014)



Mixed temperature BC in 3D: little effect

Bakhuis,  Ostilla-Mónico, van der Poel,  Verzicco, Lohse, in preparation



Rapid rotation causes different organization

Rubio, Julien, Knobloch, Weiss, Phys. Rev. Lett, 112 (2014), 144501



Depends on No-slip or Free-slip BCs

Kunnen, Ostilla-Mónico, van der Poel, Verzicco, Lohse, J. Fluid Mech (2016)

Free-slip plates No-slip plates



Rayleigh-Bénard asymptotics:



Rayleigh-Bénard asymptotics:



Rayleigh-Bénard vs Internal Heating

Everywhere unstable Stable/unstable



Goluskin, van der Poel,  J. Fluid Mech Rapids (2016)

Little exploration of this problem



Goluskin, van der Poel,  J. Fluid Mech Rapids (2016)

Different physics in 2D and 3D

2D vs 3D phenomena



Internal Heating

Goluskin, van der Poel,  J. Fluid Mech Rapids (2016)
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