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Water-hammer-driven plate deformation

— Numerical scheme only for single block necessary

on-the-fly by Eulerian-Lagrangian-Coupling module (ELC) e S e S

Abstract. The Virtual Test Facility is an infrastructure for the coupled simulation of shock- COup“ng of Eulerian SAMR to a non-adaptive CSD solver
and detonation-wave-driven fluid-structure interaction problems. The key idea of the VTF is , , , , , , Piston-induced strong pressure wave in water shock tube impinges on thin copper plate.
to orchestrate the boundary data exchange between Lagrangian solid mechanics solvers Exploit SAMR time step refinement for effective coupling to solid solver Fluid
and Eulerian fluid mechanics schemes through a ghost fluid approach in which complex B Lagrangla’n S|muI§t|on s called only at level /. </..,,  Correct pressure wave profile generated by propagating upper tube boundary according
embedded boundaries are implicitly represented with evolving level set functions. The level — SAMR refines solid boundary at least at level /. to equation of motion for piston
set information is derived on-the-fly with the Closest-point transform (CPT) algorithm. The — One additional level reserved to resolve ambiguities in GFM (e.g. thin structures) * Water shock tube of 1.3m length, 64mm diameter
VTF software is constructed on top of the block-structured Cartesian SAMR framework - Nevertheless: Inserting sub-steps accommodates for time step reduction from time-explicit CSD - Two-component solver, modeling of water with stiffened gas EOS with y=7.415, p_=296.2
Amroc and provides straightforward interfaces to incorporate any unstructured computa- . ?%Xwel%suvﬁv%t?o?\nst%étl\eﬂglcy cle . MPa, air with ideal gas EOS with y=1.4
: : : . . . _ * No tensile stresses allowed (cavitation threshold set to 0.0 Pa).
tional solid mechanics (CSD) solver. —Updated boundary info from solid solver must be received =0 2 , " .
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. E@Cﬁﬁiﬁu'siﬁ?éf 5232?(')%22%*‘ adaptation and parallelization to By s . Inter[es\éle\l/:r\/?g;arlneunication (point-to-point or globall d - '/'/,  Copper plate of 0.25mm thickness, J2 plasticity model with hardening, rate sensitivity,
) “ T : paint-to-point or globally) manage and thermal softening

: * Shell mesh: 4675 nodes, 8896 elements
* Available 3d patch solvers: Y.  aoowd 15253 54 55 56 57 58 ’ L.
: . : ’ . * 8 nodes 3.4 GHz Intel Xeon dual processor, Gigabit Ethernet network, ca. 130h CPU
— WENO-TCD LES upwind scheme for turbulence simulations VTF software design S

— Riemann-solver-based MUSCL and Wave Propagation
schemes for simplified and detailed chemistry

« Implementation of Berger-Collela SAMR algorithm coupled to
generic ghost-fluid implementation for multiple level sets

« Conservative correction for purely Cartesian problems
Right: LES of turbulent jet with WENO-TCD patch solver .

The VTF is constructed on top of the Amroc class hierarchy in a C++ framework approach.

* The design acknowledges the greater complexity on the Eulerian side in our coupling approach.

« Applications use one generic main program that instantiates predetermined objects.

* Objects can be extensively customized by C++ class derivation.

* Problem-specific routines (initial conditions, boundary conditions) are provided in F77/90 or C/C++.
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Right: Coupling algorithm: data exchange Right: Schlieren plot of fluid density in the vicinity of the thin steel panel. Snapshots for t=0.51ms, 1.63ms, and 3.02ms tion allows the effective utilization of the ASC machines to achieve results in minimal real time.

between dedicated fluid and solid processors. (irom top to bottom). Vortex shedding from panel tip and beam vibration induced by shock impact. Further information and links to publications can be found under http://www.cacr.caltech.edu/asc.



