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Motivation

Potential flow models predict two growth stages of the Rayleigh-Taylor instability
(RTI): 1) a linear stage characterized by exponential growth of spikes and bubbles,
2) a nonlinear stage where spikes and bubbles reach a terminal velocity and
constant Froude number [1]. When the density contrast between the two fluids is
small, numerical simulations show an unexpected re-acceleration phase and
higher Froude number in the late nonlinear regime [2]. Experimental data is
needed to understand the late-time evolution of RTI.

The Froude number is the ratio of the inertial force to the force due to acceleration.
For classical RTI, the single-mode growth rate (ys7), bubble terminal velocity (u,)
and Froude number (Fr,) are:
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3D hydrodynamics simulations from
Ramaprabhu et al. [2]:

Left: evolution of bubble Froude
number for various density contrasts.
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Right: spike and bubble realizations
for A=0.15 system in the linear
(t=3.8), nonlinear (t=5.3), and highly
nonlinear (t=9) stages, and eventual
chaotic mixing (t=15).
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We are developing an experimental platform at OMEGA 60 to drive single-
mode RTI growth to the late nonlinear regime in low- and high-Atwood
number systems.

Experimental Platform
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Backlighter #2

« Laser beams create a blast-wave that drives RTI growth at the interface
between two materials of different densities inside a shock tube.

* A series of X-ray radiographs along two orthogonal axes capture the evolution
of spikes and bubbles.

Target Design for First Experiment New Target Design for April 2017 Experiment

PAI ablator (150 um thick) with density-matched CHI tracer strip (0,). Tracer strip has
higher X-ray opacity to emphasize spikes and bubbles near central axis of the tube.
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Photographoftt 3D single-mode sinusoidal seed perturbation is machined at interface:
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« Shorter wavelength corresponds to later scaled time:

where A= 40 ym, d;,=2 ym and a,, =4 um
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April 2017 Experimental Results

Atwood

* Post-shock Atwood number is predicted from simulations
with initial densities:
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First Experimental Results: October 2016

spikes

October.2016
& bubbles —

We successfully demonstrated: (15n8). ..

 Radiography on two orthogonal axes with
image resolution ~10 pm.

 Observation of shock front, RT spikes and
bubbles in A=71 and 40 uym high-A targets.
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data from both shot days ablator (inside shield cone) surface of ablator with 3D pattern

 Back surface defects introduced drive asymmetries
« Top surface patterns were not single-mode sinusoidal functions

 Macroscopic tolerance failures exposed gold shielding to laser irradiation, producing high-energy
background noise in radiographs

Higher internal pressure inside the low-A targets caused Pl shock tubes to breach.
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« Confirmed initial experimental results

« Revealed transverse waves propagating inward from tube walls,

which will limit observation of RTI growth at late times 2. P. Ramaprabhu et al., Phys. Fluids 24, 074107 (2012).
 Guided a new shock tube design
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