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2 I Material Strength at High Strain Rates

Bottom Line Up Front g

* Measurements of yield strength from MD give: £

Yup = 0.787 + 0.374GPa

=

* Single crystal geometry and size effects (higher =
strain rates) explain difference to experiments

* Complete map of RMI character generated from
simulations, implemented in hydrodynamics code
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3 I Multi-Scaling of Material Properties

Time

- Strength models are lacking
for a wide range of shock
conditions, especially for
accident or non-ideal
loading.

* Observations from
experiment will continue to
inform and constrain shock-
hydro codes, want to avoid
the risk of ‘overfitting’ these |
models
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4 I Richtmeyer-Meshkov Instability (RMI)
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5 I Common Geometry For Both

Scalable experimental design to probe limits of material strength

Projectile velocities ~1.0 km/s or 2.2 km/s which span sub-hydrodynamic up to fluid-like jetting

Non-dimensional wave number 7k = 2711:??0 ~ 1 = growth and breakup

Atwood number At = 22722 — _

no growth growth and breakup

0.12 0.63, 0.67, 0.76
Buttler (2012), Prime (2015), Prime (2016)
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6 I Map of RMI Character

Computational Discovery Shock Direction = [011]

 Under what conditions is there is size 2
dependent response?

« Generated labels by hand to ensure accuracy 15

« [001], [011] and [111] tested .
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7 ‘ Predictions in Continuous Space

Excess Data No Growth Growth and Arrest

* How to plan future experiments?

* Neighborhood clustering of labeled
responses, all orientations and sizes used.

* Known G&B response from experiments
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Atoms to Continuum
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Assume Elastic-Perfectly-Plastic

* Following Dimonte et. al. PRL (2011) and
Piriz et. al. PRE (2008);
2.'.? k = Apﬂlnmax / +b

Scaled jet length: 2n4(27/A)
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* Fit to G&A where pqx 1s defined gives
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9 I Scaling up Strength

Dimensionless Analysis

o Jet length scaled by initial peak height

- t-U
* Time ~ S/m,
o Shock wave transit across surface perturbation

* Implementing into CTH, no size dependence unless
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10

Conclusions and Outlook

Results and Significance

* Observations from experiment will continue to inform and
constrain shock-hydro codes, want to avoid the risk of
‘overfitting’ these models

« Map of RMI character for Cu can be reasonably
transferred to other FCC metals of similar ductility (Al, Ni,
etc.)

 MD parameterized strength resulted in velocity profiles of
jet and bubble regions in close agreement with
experiments
without the need of user-driven tuning of yield strength.
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11 I Internal Length Scale of Polymers
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