


Shmuel M. Rubinstein
School of Engineering and Applied Sciences, Harvard 
University

Colliding Vortex Rings; Rapid Breakup of 
Coherent Structures

(or, The temporal behavior of turbulent energy cascades…        )



Colliding Vortex Rings; Rapid Breakup of 
Coherent Structures

(or, The temporal behavior of turbulent energy cascades…)

Ryan 
McKeown

Rodolfo Ostilla 
Monico

Michael 
Brenner

Alain
Pumir

Shmuel M. Rubinstein
School of Engineering and Applied Sciences, Harvard University



Taylor, G. I., and A. E. Green. "Mechanism of the production of small eddies from large ones. 
" Proceedings of the Royal Society of London… 158.895 (1937): 499-521.



Taylor, G. I., and A. E. Green. "Mechanism of the production of small eddies from large ones. 
" Proceedings of the Royal Society of London… 158.895 (1937): 499-521.



It is hard to identify a real singularity



A Beautiful experiment



Lim and Nickels (1992)
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Secondary Vortices Turbulent Cloud
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The Question 

What is the mechanism for energy to transfer so quickly from large 
scales to small scales?

(Is it Singular?)



*Vorticity magnitude isosurfaces at 40% 
of maximum initial vorticity (shaded with 
contours of axial vorticity) for Re=2000.
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• Antiparallel vortex tubes stretch and 
flatten upon contacting  and partially 
reconnect through the diffusion of vorticity

• After reconnecting, secondary vortex 
threads are left behind

• If Re is high enough, the vortex threads 
will also reconnect and repeat this cycle

• Possible mechanism for energy cascade

Vortex reconnection \ breakdown



λ2  isosurfaces (shaded with vorticity 
magnitude) at t*≈4.95.

• Small-scales emerge from 
reconnection zone where the vortex 
lines have high curvature and are 
locally stretched

• At high Re, this forms sheet-like 
structures that break down into 
small scales 

• Enstrophy transfer spectrum shows 
that kinetic energy is injected into 
small scales when the vortex cores 
are flattened (see previous slide)

Re = 2000

Vortex reconnection \ breakdown
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Vortex Filaments
Vortex Sheets

Breakdown
Repeat

• Interaction of antiparallel vortex 
filaments

• Possible mechanism for energy 
cascade

• Cascade becomes iterative in 
the inviscid limit

• Generates small-scale flow 
structures in the viscous case

Difficult to resolve cascade numerically because vortex sheet thickness quickly 
approaches the mesh size

Energy Cascade



Instabilities of the Vortex Core



Leweke & Williamson, J. Fluid Mech., 360, 85-119 (1998)

Instabilities of the Vortex Core



Smashing 2 antiparallel vortex rings

Wim van Rees and Petros Koumoutsakos
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• How does viscosity modify the temporal dynamics in 
a flow with  increasing Reynolds number? 
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Experimental Setup



Adjustable Parameters: L/D, Re

• Flow Separation at the edge
• Viscous interaction between 

the ejected and ambient 
fluids 

Blowing a Vortex Ring: Recipe



Experimental Setup

Ryan McKeown
Shmuel Rubenstein pulsed laser!Current capabilities: 1500 scans/sec in 3D (25 

slices/scan)
Spatial resolution: 140 microns/voxel

Bearings

High-Speed
 Camera

Bearings

Underwater 
Motor

Scanning Laser
Sheet

Undyed Vortex
Ring

Dyed Vortex
Ring



Colliding Rings: Side View



Colliding Rings: 2D slice



Colliding Rings: 3D rendering
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Flattened of Vortex Core..



Summary
• Vortex ring collision a good experimental & numerical 

tool for studying the turbulent cascade stationary in 
lab frames

• Experimental setup capable of producing smoke but 
not of fully resolving all the dynamics… yet.

• Underlying Biot-Savart singularities may be the cause 
the intense stretching

• Reynolds number critical in determining reconnection 
or turbulent cloud: onset of a elliptic instability or 
iterated instability?
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