Vortex merger in a dual-mode, supersonic KelvinHelmholtz instability experiment
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Introduction
The Kelvin-Helmholtz instability
is a fundamental hydrodynamic
process that generates vortical
structures and turbulence at an
interface with shear flow.
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In a supersonic flow, effects of
compression inhibit the vortex
merger rate and instability
growth rate.
We share the results of a laserdriven experiment designed to
produce the first observations
of the KHI evolving from wellcharacterized, dual-mode initial
conditions in a supersonic flow.
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Figure 1: We design scaled experiments to study the
the behavior of fluids under extreme temperatures
and pressures, such as those found in fusion
experiments and astrophysical systems.
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Figure 5:
Top: Data at t = 65 ns, with a seed perturbation of 60 µm : 120 µm
Bottom: Data at t = 68 ns, with a seed perturbation of 70 µm : 140 µm
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We present two sample pieces of x-ray radiographic data. On the left are
raw images of Cu Kα x-ray transmission through the target, at t = 65 and t
= 68 ns for the top and bottom image respectively. On the top right, a
section of the data has been processed through a contrast-enhancing
unsharp mask algorithm.
Beneath it, contours from a simulated
radiograph with appropriate smearing and noise have been overlaid upon
the data.
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Figure 2: The ratio of the compressible to
incompressible growth rate coefficients is reduced
by about half for this experiment

Structure above the diagnostic resolution limit of ~10-15 µm is wellreproduced by 2D simulations .

Materials and Methods

Conclusions

We developed a novel experimental platform, firing three 10-ns laser
pulses in sequence to sustain a shockwave in carbon foam for roughly
70-ns.
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1. We applied a novel experimental
platform to sustain a supersonic
shockwave over a precisionmachined, dual-mode foamplastic interface.
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2. This successfully produced the
first experimental measurements
of the KHI vortex merger rate
from well-characterized initial
conditions.
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3. We obtained additional data
supporting KHI growth inhibition
in a supersonic flow.

Figure 3:
Left: Our primary diagnostic is Cu Kα x ray radiography. An unshocked target is shown
Right: 2D simulations are used for both design work and data analysis
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1. Produce the first data of the
KHI evolving from dualmode initial conditions in a
supersonic flow
2. Study the vortex merger rate
of the KHI
3. Supplement data on the
instability growth inhibition in
a supersonic flow
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Figure 6: Measurements of vortex separation
distance vs. time can be reproduced with 2D
simulations

Results and Discussion
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The dashed lines represent
incompressible predictions, while
the solid lines represent the
compressible predictions.
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The larger, dominant mode is
denoted in blue.
The smaller,
secondary mode is denoted in red.
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Figure 4: The data supports predictions of growth
inhibition, until disturbed by the thermal insulator
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