Structure in Radiative Shocks )

Radiating shock experiments have shown evidence of complex
structure. Each of the three interfaces in the problem -- the
shock itself, the rear material layer interface, and the walls of
the tube -- are in fact essential dynamic features of the system.

Expected Shock

(artist’s rendition)

Above is the radiating shock a
naive simulation would have
led one to expect. The shock is

travelling from left to right.

Some edge drag is evident, but

the shock is otherwise regular.

The shock and rear layer
interfaces are straight, and the
shock extends to the tube
walls.

Temperat

Actual Shock

Shot 39927, a 20 micron driver at 14.6 ns

To its right is the actual shock as
observed by x-ray radiography
[1]. The front and rear layer
interfaces exhibit perturba-
tions we attribute to instability
growth. The shock is also
displaced from the tube walls,
indicating interaction with
another feature of the system.
The trails of post-shock
material and dark region on the
far left are related effects.
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HYDRA simulation with parameters favoring wall shocks

Wall shocks and some layer structure have been observed in LLNL's
radiation hydrodynamic code HYDRA. To observe them requires
specific scaling of the opacities and favorable zonings. So far, these
codes have achieved only qualitative agreement with observations.
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Wall Shocks )

In the radiating shock system, the
primary shock radiates a significant
fraction of its kinetic energy ahead of
itself in the form of thermal emission.
This thermal radiation is sufficient to
vaporize the tube material up to some
distance away from the shock. The
ablated tube material then travels
inward in the form of a radially
converging shock entering from the
wall, which we call a wall shock.
Where it meets the primary shock, it
acts as a constriction of the tube to
the primary shock, affecting the edge
conditions.

Primary Shock

Analysis predicts the distance from the edge, 0, will vary with the shock
speed, V, as 0 o« V% This is in reasonable agreement with current
observations.

Where the primary shock
meets the wall shock, the
primary shock is deflected at
an oblique angle. The
shocked xenon will now sit a
finite distance from the tube
wall, while the primary shock
now travels through the
ablated plastic of the wall
shock. An approximate
analysis using shock jump
conditions  suggests a
deflection angle a satisfying

tan(a) =tan(o + )N

where m is the shock’s
inverse compression ratio. The actual situation is complicated by
refraction at a material interface, making CRASH predictions of this
parameter valuable.

The displacement of the shocked xenon from the tube walls and the
angle at which it sits are both quantities controlled by the wall shock.
Measurements of these quantities are to be incorporated into the
validation results of CRASH.

Layer Instability )

The surfaces of steady shocks are normally highly stable phenomena.
Blast waves which are decelerating in a diverging geometry have been
found in the past to be vulnerable to a fragmentation instability [2]. The
instability depends on the interaction of the rear layer of the
post-shocked material with the front surface of the shock, destabilizing it.
An extension of this instability analysis has been made to the radiating
shocks considered by CRASH. The theory predicts that these shocks will
be subject to an instability governed by the dispersion relation:
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The instability will give rise to
flow patterns (shown above)
between the shock and the rear
surface layer. On the right, a
shock late in time that appears
fragmented is shown. The
instability is believed to lead to
the formation of regions of
greater thickness in the
post-shock layer, eventually
causing break up of the
continuous shock into separate
clumps of shocked mass.

Stable waves

Unstable waves
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Shot 51780, an 18 micron driver at 24 ns

The instability theory makes
predictions regarding the
size and scale of the
observed perturbations.
The real and imaginary parts
of the growth rate (growth
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and oscillation rates,
= respectively) for various
wavelengths at standard

shock  parameters  are

shown at the left. Perturbations comparable to the thickness of the
shock couple the two layers and produce instability. Perturbations of
sufficiently short wavelength exhibit oscillating stability, as for an

ordinary shock wave.



