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Ablation Front Instability (AFI)

® semi-infinite slab of perfect gas energy deposited ,ﬁg:ggﬁﬂ;g;te shock wave
heated by a laser T D/
® non linear heat conduction laser beam
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blow-off region compressed  region at rest
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Approach 1 Approach 2
stationary flow self-similar solutions
v’ Ishizaki & al. (1997): blow-off region _-_
omitted _
v Goncharov (1999): discontinuous exact SO'_U“()n of the
ablation front ablation flow
MODE ANALYSIS v/ Marshak (1958), Saillard (1983)
COMPLETE STABILITY ANALYSIS
v Goncharov: SBM analysis 7 [Bandessee. Sulies (600
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Mean flow equations

Gas dynamic equations with non linear heat conduction

mass conservation

momentum conservation f
or

energy conservation

Self-similar formulation

Self-similar flow governed
o depends only on v _ o
by thermal diffusivity
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Mean flow numerical resolution
ODE system with boundary conditions

Numerical resolution : shooting method and relaxation method

energy deposited ablation front shock wave
T Rankine-
Hugoniot
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First step: Shooting method in finite-difference

Second step: Relaxation process (dynamical multidomain

Chebyshev pseudo-spectral method:?)
1 Renaud & Gauthier, 1998. 2 Le Creurer’s talk (tuesday)
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Mean flow results
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Linear perturbation equations
Three-dimensional linear perturbations

mass conservation

X-momentum conservation

transverse-momentum conservation

energy conservation

Incompletely parabolic system with time-dependent boundary

conditions
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Linear perturbations numerical resolution
Numerical method

Hyperbolic system3 & Parabolic equation

-dynamical multidomain Chebyshev collocation method
with three step Runge-Kutta scheme (explicit & complete)

-time-dependent boundary conditions: characteristics method
influence matrix technique4

Boundary conditions

energy deposited  ablation front  shock wave

T R-H
material relations
surface

—

+ heat flux
perturbation

3 Boudesocque-Dubois & al., 2003. 4 Pulicani, 1989.
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amplification sheet threshold wavenumber

Maximum reached for zero transverse wavenumber
Plateau for small wavenumbers
Attenuation for large wavenumbers followed by oscillatory regime in time

Perturbations seem to persist although wavenumber increases

Perturbation attenuation for large wavenumbers is
essentially governed by thermal diffusivity
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Space-time structures of perturbations 1.

k=25

Fondamental modes of

the Euler’s equatic’)\ps P, S, Q
Q
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Space-time structures of perturbations 2.

k,= 25

m
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Perturbations convection from the
rippled shock towards the ablation
front
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Conclusions

EXACT
Stability analysis of UNSTEADY ablation flow is now possible

COMPRESSIBLE
First trail : Main results

- MAXIMUM amplification for ZERO transverse wavenumber

_ AMPLICATION REGIME
- 2regimes :
ATTENUATION REGIME

- Attenuation governed by THERMAL DIFFUSION

- Absence of CUT-OFF ?

Second trail : Acoustic part on the stability (in progress)

- Perturbations convection from the rippled shock
towards the ablation front
- Couplage between the ablation front and the shock
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