Ultra-high-speed imaging of impact ejecta

QI Sydaat /IOy SR ind A Riil))

Takaya Okamoto, Kosuke Kurosawa, Takafumi Matsui

Planetary Exploration Research Center, Chiba Institute of Technology, 2-17-1, Tsudanuma,
Narashino, Chiba 275-0016, Japan.

ABSTRACT

An important feature of impacts in the solar system is the fate of crater
ejecta. Ejection velocities of ejecta at the earliest stages of crater growth are
not understood in previous experimental and theoretical studies. In this
study, we performed a series of impact experiments to investigate ejection
velocity from near the impact point via ultra-high-speed imaging
observation with the frame rate of 100-200 ns/frame. These frame rates are
shorter than the characteristic time of projectile penetration under the
experimental condition. A polycarbonate sphere was impacted onto a
polycarbonate plate at 1.75 to 7.18 km/s. Impact angles were 45 and 90
degrees from the horizontal. We measured some examples of the ejection
velocities for both vertical impacts and oblique impacts. We found that the
ejection velocity reached 0.87 times the impact velocity for a vertical
impact, while it was 1.36 times the impact velocity for an oblique impact.
Although these results were not the maximum ejection velocities of the
ejecta, it is revealed that the maximum ejection velocities were faster than
the velocities obtained here.
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Figure 1. Schematic illustration of the experimental system placed at the
Planetary Exploration Research Center of Chiba Institute of Technology.
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Figure 2. The relation between time after the impact and position of the
compression wave traveling in the target’s surface. The impact velocity and
angle for this shot were 5.01 km/s, 90 degrees, respectively. Using the data
of right side of the red vertical line, we obtained a wave velocity as
2.67£0.01 km/s, which is close to the sound velocity of polycarbonate.
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Figure 3. Examples of high-speed images at an earlier stage of material
ejection. The impact velocity of this shot was 4.28 km/s.
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Figure 4. Examples of high-speed images at a later stage of material
ejection. The images were obtained from the same shot shown in Figure 3.
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Figure 5. Examples of velocity measurement by using a tracing of a
moving material. (a) The images after 8 us from the impact. A fragment of
ejected material is shown in the red circle. (b) The images after 2 us from
the impact. There is a kink in the ejecta curtain as shown in the red circle.
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(b)

Figure 6. The snapshots for oblique impacts at different impact velocities.
The impact angles are 45 degrees. The circles show the ejecta of which we
measured the velocities. (a) The impact velocity, v; of 7.18 km/s. The
ejection velocities were 8.03+£0.25 km/s (1.12 v;) for red, and 5.60+£0.08
km/s (0.78 v;) for blue. (b) The impact velocity of 3.64 km/s. The ejection
velocity was 1.51+0.11 km/s (0.41 v;). (c) The impact velocity of 1.76 km/s.
The ejection velocities were 2.39+0.01 km/s (1.36 v;) for red, and
2.16x0.01 km/s (1.23 vj) for blue.
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