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Introduction 

We have carried out a large-scale hypervelocity impact experiment into dry quartz sand 
using the SHARP gas gun facility at Lawrence Livermore National Laboratory. The impact of a 
4.6 kg scramjet engine traveling at 3.0 km/s (part of an experiment on hypervelocity jet engine 
technology) into quartz sand at an angle of 20' provided us with the opportunity to study oblique 
hypervelocity impacts 3 orders of magnitude higher in energy than previous laboratory studies. 
Thermocouples buried in and around the point of impact recorded temperatures in the ejecta as 
high as 150°C. Post-impact excavation of the target area exposed isolated fragments of shock- 
consolidated sand overlying shock comminuted sand which graded into pristine sand. The fine- 
grained distal ejecta, analyzed by XRD, consisted of quartz with a trace of Al, the principal 
constituent of the jet engine. These data provide a means of directly measuring the partitioning 
of energy during hypervelocity impact into unconsolidated materials. Future experiments at the 
SHARP facility provide the planetology community with a unique, low-cost opportunity to 
conduct large-scale hypervelocity impact experiments. 

The SHARP gas gun is the largest two-stage light gas gun in the world and is used as a 
hypersonic research facility. Projectiles 1-10 kg in mass are fired horizontally into air, past high- 
speed diagnostic equipment (roughly 20 m flight path), and into a projectile-retaining area - a 
concrete bunker filled with sand. Recent experiments testing hypervelocity scramjet engines 
provided us with the opportunity to conduct a hypervelocity impact experiment at no cost with a 
total energy more than 3 orders of magnitude larger than previous studies [I], [2]. 

4 m3 of clean quartz sand was used to construct a surveyed 20' slope within the target 
area. 19 thermocouples were placed at various depths below the point of impact or along the 
surface at regular intervals. Temperatures were recorded at 1 minute intervals for 90 minutes 
after the impact. 

Results 160 

Thermocouples placed 1 cm 
below the surface at regular intervals 
away from the point of impact ? E 
recorded a slow rise in temperature due '; 

to the diffusion of heat from the k 

a 
overlying ejected material (see Figure $ 
1). Thermocouples placed 1 cm above 2 
the surface were covered by ejecta and 
recorded initial temperatures as high as 
150°C which decayed as the ejecta 
sheet cooled from above and below 
(see Figure 1). Thermocouples buried 
below the point of impact were below 
the region of shock-comminution and 
did not record any rise in temperature 
(see Figure 1). 
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excavation of the target area exposed 
the following stratigraphy: fine gray 
dust covered isolated small fragments roughly 1 m from impact 
of white. friable, shock-consolidated 

f 

Measurements of the 50 - 
temperature of the ejects at intervals 
away from the point of impact show 
that the more distal ejecta is hotter by 
roughly 20°C (see Figure 2), although 40 - 
this measurement is complicated by 
the effects of entrainment of local c, .- 

e, 

material and turbulent mixing inside 5 
the target bunker. 30- 

& 
The post-impact topography 

was measured and controlled 

sand (similar to material recovered lo ! I I I I I I I I 

from other studies, e.g. [3]) on top of a -400 -200 o 200 400 600 800 1000 1200 1400 
volume of white shock-comminuted Time in s from impact 
sand which graded into undeformed sand. XRD analysis of the fine gray dust (distal ejecta?) 
showed peak for quartz with a trace amount of A1 (the principal constituent of the scramjet). No 
evidence for oxidation of the A1 to A1203 was observed. No tektites or micro-tektites have been 
found in any of the ejecta. 

Figure 2: Temperature of ejecta with time 
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Conclusions 

The ability to monitor temperature changes, measure topographic changes, and quantify 
the volume of shock-modified material provide a means of directly measuring the partitioning of 
energy during hypervelocity impacts into unconsolidated materials. This may in turn provide a 
means of estimating the contribution of friction to the production of heat during crater 
excavation. By substituting other target materials it may be possible to directly study processes 
such as impact melting and the production of tektites. The SHARP facility provides the 
opportunity to study hypervelocity impacts orders of magnitude larger in energy than previous 
studies in consort with ongoing hypemelocity research. Further studies of the temperature 
distribution in ejecta are planned. 
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