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using the NOVA laser system to investigate the growth of the Richtmyer-Meshkov instability resulting
from a strong shock wave. The initial nonlinear single-mode two dimensional perturbation was
machined into a brominated plastic ablator (density : 1.22 g/cc) adjacent to a low density carbon foam
(0.10 g/cc). We compared the experimental results with LLNL simulations (CALE code) and with our
own numerical simulations (FCI2 code). A non linear model (Ramshaw [1]) has been previously used
to analyze the growth of a mixing zone in this experiment (Farley et al. [2]). We propose here to
consider the possibility of a long turbulent phase in this type of experiment. We found mix width
results to be in good agreement with  the k-ε statistical model included in a 1D code when the
transition time to turbulence is correctly estimated (high Mach number effects).

 The first section of  this talk describes the experimental setup. The instability phases of the flow are
discussed  in section II. The Ramshaw non linear model is described in section III and the necessary
conditions for turbulence in section IV. High Mach number effects on the transition time to turbulence
are discussed in section V (HESIONE 2D eulerian code) and k-ε computations are described  in
section VI. This is  followed by a summary in section VII.
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Nonlinear Model

•  Ramshaw [1] uses a Lagrangian formulation
to derive an ODE for the growth of a perturbed
density interface subjected to an arbitrary
acceleration g(t) in uncompressible fluids :
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a is the amplitude of the perturbation, A is the Atwood number, b is
a nondimensional constant related to the RT α parameter and to the RM
power law exponent θ {b = πθ/α(2-θ)} and c is a dissipation factor of
order unity.

•  Farley et al. [2] use this model to fit the
experimental results of the laser experiment.
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Necessary conditions for turbulence
Reynolds number estimation

ν
= ul

Re

ν = 0.001 µm2/ns [1]

We propose [2] the following definitions for u and l
:

( ) ns/m10tau s µ==

m23l µ=λ=

510Re ≈  (≈ Farley’s result [1])

Grégoire [2] founds the following result for three
classical shock tubes :

5. 103 < Re < 8. 104

The laser induced instability can lead to turbulence
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Necessary conditions for turbulence
Transition time model [1]

turbnltr tt +=τ “filling” of the spectrum

end of the non linear phase

❑ tnl ( ) ( )0IM0 ttaata −+= +

      linear phase, Impulsive model (IM)

IM
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End of the linear phase :

Heuristic geometrical argument : a(tnl) = λ/2 (d = π)
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Grégoire [1] uses Vandenboomgaerde’s impulsive model [2]
valid for low Mach numbers to evaluate IMa
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Necessary conditions for turbulence
Transition time model [1]

❑ tturb : the initial spectrum is a δ(k-k0) distribution. tturb is the
time necessary to establish the Kolmogorov cascade :

Kk
t T

turb

θ= (K is the fluctuating kinetic energy)

1.2T =θ  (Clark et al. [2])
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❑ We will use an alternate expression for IMa  (Meyer et al. [3]):

UakAa 0IM ∆= ∗+        with ( )+−∗ += 000 aa
2
1

a

τtr =0.44 ns after shock passage across the interface in the
laser experiment (valid for low Mach number)
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k-ε computations [1]
Initial conditions

❑ The k-ε model is a two equations statistical
model (one equation for k, the turbulent kinetic
energy and one equation for ε, its dissipation
rate)

❑ k and ε have to be defined at τtr

❑ k and ε have the same extension L at τtr (the
mixing zone width at τtr) and have a symmetric
triangular shape

( ) trUA12L τ∆β+α= +  (Mikaelian [2])
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This simple model has been widely used in
classical shock tubes computations.
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Summary

❑ The Reynolds number of the flow induced by
laser in the experiment analyzed here is of the
order of magnitude of the Reynolds number
obtained in classical shock tube experiments

❑ The transition time related to the Impulsive
Model growth rate is very small as compared to the
duration of the experiment

❑ The transition time related to the growth rate
evaluated through 2D computations stays very
shorter than the duration of the experiment

❑ The k-ε computations fit the experimental data
in a range of τtr compatible with the former result


