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Outline

❑ Vortex Ring Ejection from Shocked Interfaces: Vortex rings abound in high-energy-density 

physics, including inertial fusion and supernovae, when shock waves accelerate fluid interfaces.

❑ These compressible, multifluid rings may share many physics with their incompressible, 

single-fluid counterparts.

❑ An extended theory describes the formation dynamics of such rings.

❑ Ongoing experiments at the Omega EP laser facility isolate vortex ring formation.

❑ Vortex Instability and Circumstellar Clumping: The Crow instability may stimulate the formation 

of clumps along the circumstellar gas cloud around Supernova 1987A.

❑ Stability analysis predicts a dominant wavelength consistent with the number of clumps, 

and simulations reproduce key observables.

❑ A similar instability mechanism may stimulate clumping in protoplanetary disks.
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The Richtmyer-Meshkov instability describes the growth of perturbations 
along shocked interfaces, which can lead to the ejection of vortex rings. 
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Shock-induced interfacial mixing also occurs in supernovae.
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Inertial fusion uses laser-driven shocks to compress fuel, but interfaces are 
unstable and significant jetting can occur.
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Vortex ring ejection from shocked interfaces is extensively observed.

Musci, Astrophys. J., 2020
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Vortex ring properties scale with the stroke length of their generator. 
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Vortex ring properties scale with the stroke length of their generator. 
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Analysis of energy, impulse, and circulation explains vortex rings saturation.
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The analysis is extended to rings ejected from shocked interfaces.

After

Shock

𝜌𝐻𝜌𝐿

𝐷
𝐿

S
h

o
c

k

𝜌𝐻′

𝜌𝐻∗𝜌𝐿

𝐷
Τ(𝜌𝐻 𝜌𝐻∗)𝐿S
h

o
c

k

𝜌𝐻′𝜌𝐿∗ R
a

re
fa

c
ti
o

n

𝜌𝐻∗𝜌𝐿∗

𝑈𝑖

𝑦

𝑥

𝑧

Before

Shock

Late

Time

Vortex Ring,

 (𝜌𝐿∗ + 𝜌𝐻∗)/2

Slug Flow Norbury Vortex Ring

𝐸 = 𝝆𝑯

1

8
𝜋𝐷2𝐿𝑈𝑖

2 𝐸 =
(𝝆𝑳∗ + 𝝆𝑯∗)

𝟐
Ω𝛼𝑙 2𝑙3𝐸𝑁

Γ =
𝝆𝑯

𝝆𝑯∗

1

2
𝐿𝑈𝑖 Γ = Ω𝛼𝑙 𝑙Γ𝑁

𝐼 = 𝝆𝑯

1

4
𝜋𝐷2𝐿𝑈𝑖 I =

(𝝆𝑳∗ + 𝝆𝑯∗)

𝟐
Ω𝛼𝑙 𝑙3I𝑁

𝑈𝑡𝑟 =
𝜕𝐸

𝜕𝐼
=

1

2
𝑈𝑖 𝑈𝑡𝑟 = Ω𝛼𝑙 𝑈𝑁

𝜎 =
2𝜌𝐻∗

𝜌𝐿∗ + 𝜌𝐻∗

𝜌𝐻∗

𝜌𝐻
= 𝑓(𝜌𝐻′/𝜌𝐻 , 𝜌𝐻/𝜌𝐿)

𝐿

𝐷 𝑠𝑎𝑡, 𝑅𝑀𝐼
= 𝜎

𝐿

𝐷 𝑠𝑎𝑡, 𝐶𝑙𝑎𝑠𝑠

Wadas, Phys. Rev. Lett., 130, 2023

Ejection: 
Experiments

Ejection: Intro

Clumping:
Supernova 1987A

Clumping: 

Protoplanetary

Disks

Conclusion

Ejection: Theory

 and Simulation



11

Simulations show the emergence of the trailing jet.
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Simulations show good agreement with extended formation-number theory.
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SN1987A
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The stability analysis considers perturbations along co-axial vortex rings.
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For SN1987A, the dominant wavenumber matches the number of clumps.
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Simulations elucidate clump formation and SN1987A’s inner clump annulus.
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Simulations show good agreement with telescopic data.
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Thin Annulus
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Protoplanetary disks are the leftovers from star formation.
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Solar wind can stimulate multiple vortex dipoles in protoplanetary disks.
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Airplanes, vortex rings, and stars may share common vortex dynamics.
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Summary
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❑ Vortex Ring Ejection from Shocked Interfaces: Vortex rings abound in high-energy-density 

physics, including inertial fusion and supernovae, when shock waves accelerate fluid interfaces.

❑ These compressible, multifluid rings may share many physics with their incompressible, 

single-fluid counterparts.

❑ An extended theory describes the formation dynamics of such rings.

❑ Ongoing experiments at the Omega EP laser facility isolate vortex ring formation.

❑ Vortex Instability and Circumstellar Clumping: The Crow instability may stimulate the formation 

of clumps along the circumstellar gas cloud around Supernova 1987A.

❑ Stability analysis predicts a dominant wavelength consistent with the number of clumps, 

and simulations reproduce key observables.

❑ A similar instability mechanism may stimulate clumping in protoplanetary disks.
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