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Introduction: Adaptive mesh refinement (AMR) has
been used for improving computational resolution on hyper-
bolic problems when resources are limited [1-2]. For a ma-
ture Eulerian multi-material shock-physics code like CTH
[3], adaptivity is considered a natural next step in code de-
velopment [4]. Recent work has demonstrated the utility of
AMR for studying shock processes in 2-D heterogeneous
targets for planetary impact applications [5]. In this study,
even more complex targets such as a pre-fractured 433 Eros
are being simulated with 3-D AMR (Fig. 1).

FIGURE 1. AMR CTH simulation of a 2-km dunite asteroid
striking Eros at 5 km/s. Eros was constructed of thousands of
random dunite spheres and tetrahedra (ρ=3.32 g/cc, Cs=6.65
km/s) with a tuff matrix and surface regolith (ρ=1.83, Cs=1.6
km/s. The density of dunite is comparable to an ordinary chon-
drite, the best meteoritic candidate for Eros [6]. The final den-
sity of the asteroid is 2.7g/cc similar to that measured by the
NEAR spacecraft [e.g., 7]. The shape of Eros shown was ob-
tained from data acquired by the NEAR Laser Rangefinder
(shape model No. 393) [8]. In this cutaway view, color repre-
sents pressure.

Discussion: Adaptive mesh refinement allows us to
maintain sufficient resolution across important features, such
as the projectile or target grains, yet maintain computational
efficiency. A minimum of 20-40 zones across the projectile
or target grains is a requirement that has been demonstrated
in many studies [e.g., 9]. Prior to AMR, such resolution has
only been available for 3-D problems running on the largest
parallel computers. With AMR, these calculations can be run
on a small cluster of workstations. On large parallel com-
puters, extraordinary resolution and dramatic improvements
in problem scaling can be achieved (Fig. 2).

Putting together a good AMR calculation requires an art-
istry beyond that normally required for traditional “flat
mesh” simulations. Indicators for determining regions of the
mesh to target for refinement and unrefinement must be de-
veloped. CTH allows up to 20 refinement indicators con-
structed of operators (such as gradient magnitude) and data-
base variables (such as pressure, density or material volume

fraction). In this presentation, we will demonstrate adaptive
mesh refinement strategies for several planetary impact ap-
plications with an emphasis on understanding shock proc-
esses in heterogeneous materials.

We believe that the use of AMR should significantly im-
prove our understanding of the cratering process because
one-to-one realistic simulations of laboratory impacts are
now possible even on relatively small workstations. Where
once it was difficult to run a laboratory scale simulation to
completion, AMR puts it within reach. AMR allows more
parameter studies that can be run for much longer periods of
time than was previously possible. By comparing such inves-
tigations with, for example, topographic information on the
shape of craters seen on planets and asteroids, additional
insights into the cratering process are within reach.

FIGURE 2. Highly oblique impact of ¼” spherical aluminum
projectile onto aluminum half-space target. Level 7 adaptive mesh
(equal to 160 cells across the projectile diameter) is shown. Block
outlines are shown. Color represents pressure. This calculation ran
15 times faster than a comparable resolution non-AMR run.
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