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I Shock detection at the lab-scale
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I Shock detection on large scale facility
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I Laser driven shock waves (low regime)
Generation principles
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I General principles
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I Interaction between a shock wave and a plane ultrasonic one
Theoretical considerations

* Interaction predicted by J. M. Burgers (1946) et L. Brillouin (1955) .... but never observed

+ Can be modeled considering equations of continuity of mass, movement, and entropy, along with Rankine-Hugoniot (RH)
jump relations through shocks
Their resolution gives rise to at least three notable points :

Forbidden reflection Entropy mode

Interaction gives rise to an entropy
mode, convected by the upstream
flow behind the shock (negligibly

small amplitude).

Amplitude

Transmission coefficient of the
acoustic wave on the shock
depends on several parameters,
notably the Mach number and
the nonlinear parameters of the

materials.

Amplitude of the scattered wave
may be greater than the
amplitude of the incident wave
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I Experimental setup
Laser Hephaistos (PIMM)

® Laser Thales Gaia HP :

>7 Jlpulse
> Repetition rate 2 Hz
> Wavelength 532 nm

® Fluencies up to 8 GW/cm? can easily be reached

¢ Diffractive optical element = almost perfect
circular top-hat profile

€ Maximum pressure ~ GPa

Phase array detection

¢ Phased array driver :

> 128 voies
> Band width : 0,7MHz — 20 MHz

® Phased array : -
>15 MHz !'! ﬁ
> Pitch : 0.15 mm . '
> 128 elements

L

Time-delay driver

Ce document et les informations qu'’il contient sont la propriété de Safran. Ils ne doivent pas étre copiés ni communiqués a un tiers sans I'autorisation préalable DUCOUSSO et al . Phys ReV App“ed’ 15 (202 1)
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I Detection of the interaction between acoustic and shock waves
Détection
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_ P"+P°  (homogeneous + perturbed)fields

I Interaction between acoustic and shock waves Pt homogeneous field
Détection
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I First results

Interaction for several back-and-forth travels
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I First results
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I First results
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I First results

Ultrasonic shock wave imaging
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I Conclusion

To conclude, we have designed an efficient way to monitor longitudinal shock wave propagation using an US
probe.

Conclusion

This time-space acoustic monitoring of shock propagation is intrinsically complementary to optics-based
detection, from the visible to the X-ray range.

Futur

A numerical model is currently under development

Phase change sensibility demonstration

Other applications include the study of caustics in wave physics or laser-matter inttﬂac_tion and surface strain
generation, which could be investigated using surface plane waves
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