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Abstract.  Read this carefully.  We use nonequilibrium molecular dynamics (MD) simulations to study the behavior of hydrocarbons under shock compression and spallation processes in shock and rarefaction waves generated by the high-velocity impact of a flyer plate into a target material.  The increment of the Hugoniots and microhardness under increment of the grain size was observed. Currently, analytic penetration models are able to accurately predict depths of penetration for simple penetration geometries where the target and projectile are metals.  We performed plane-wave impact experiments with different flyer velocities and observed the chemical dissociation of methane and acetylene molecules in the shock layer, followed by polymerization into a bcc structure postulated for pressures between 250 and 280 GPa. Comparison of the experimental results with different theoretical models of thermodynamic and transport properties of shocked helium was done. Results indicate that the longitudinal behaviour is elastic for the stress range involved although shear stresses indicate deviation from elastic loading for longitudinal stresses higher than ca. 4.3 GPa.  

INTRODUCTION

As hydrodynamic simulations become more sophisticated, it is necessary to validate that codes in general use can predict relatively simple phenomena let alone complex problems.  Towards this end, converging shock waves in cylindrically symmetric geometries are examined from a computational, experimental and theoretical point of view.  We find that even in the most idealized cases no exact analytical solution exists for the behavior of converging shocks.  This necessitates that code validation efforts must eventually focus on comparisons of simulations with high quality experimental data.   Efforts are currently underway to design pulsed power experiments and obtain such data characterizing hydrodynamic phenomena in convergent geometries.  As a preliminary step, a series of Near Term Liner eXperiments (NTLX) was designed and fielded on the Shiva Star Pulsed Power Machine at AFRL.  We find generally good agreement between the codes employed and the theoretical/measured data except in the near axis region where convergence dominates.

EXPERIMENTAL PROCEDURE 

  Details of the processing approaches used for fabricating these two-phase TiB2+Al2O3 ceramics are described elsewhere [1,7]. The impact experiments used an 80-mm diameter, single-stage gas gun. Measurements of the HEL and the shock wave speeds under dynamic compression were obtained from stress profiles recorded using PVDF stress gauges. A TiB2 flyer plate backed by an air gap and mounted at the head of an aluminum projectile, was used to impact the target assembly consisting of ~3 mm thick ceramic sample plates backed by TiB2 backer plates. Experiments were conducted at a nominal velocity of ~0.750 km/s (~15 GPa nominal impact stress), measured using arrival time pins. 

An exact analytical solution does not exist for shocks propagating in convergent geometries.  Instead, a large volume of work exists describing various similarity based semi-analytic solutions in cylindrical or spherical geometry6,7,8.  The solutions examined to date have invariably simplified the problem to a calorically perfect, ideal gas.  For sufficiently strong shocks, the convergent motion becomes self-similar as
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,                     (1)

where C and  are constants determined by numerical integration of the equations of motion.  One general problem with these methods is that the assumptions inherent in Eq. 1 break down for shocks that are too strong or in the near axis region where strengthening occurs due to area convergence effects.
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Figure 1. Hopkinson Bar Apparatus. Hugoniot points plotted against the results of the mixture theory. The open triangles represent shock velocities obtained between gauges 1 and 2; the crosses represent shock velocities obtained between gauges 2 and 3.

This differential equation has the solution 
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where (=2(J+1)/[(J+3)((-1)] and the shock position has been shifted so that R[t]=0 at t=( (the initial point where the shock wave forms).

The group parameters, ( and (, are related through the invariance of the energy integral (i.e., (=2-(J+3)() and both are ultimately functions of the properties of the propagating medium

Results and Discussion


In Fig. 2, the shock Hugoniot of poly-chloroprene is presented using the data from this work and reference (8). 

[image: image4.png]Stress (GPa)

)

~

W

(\O

ek

-

-

0.2 0.4 0.6
Particle Velocity (mm ,us'])

0.8




Figure 2. Shock Hugoniot of polychloroprene. The curve is a hydrodynamic curve calculated from the c0 and S terms measured in the experiments described thus x=0Usup, with Us=1.4+4.0 up.

It will be noted that the calculated pressures derived from the measured shock velocities are slightly higher than their measured stress counterparts at 2 and 4 GPa. Although this may be in part related to experimental error, it is also possible that it is a genuine reflection of the materials response to shock-loading. Note that it would have been usual to include a strength term, (i.e. the HEL) in calculating the pressure from the shock velocity which makes the fact that it is higher more interesting. 
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stress strength, at 5.0 MPa, is very low, and at the uniaxial-strain state stress levels investigated here, will have minimal effect upon the final result. If the effect is real, it would indicate a reduction in shear strength  s(), as can be een from the well-known relation,
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where P is the hydrostatic pressure.

If the investigated isentrope passes considerably near critical point, it can get into region of low mechanic and thermodynamic stability [8], where anomalies in compressibility, heat conductance and sound speed is predicted. In P-T graphs of both lead and tin the temperature anomaly was fond. At 

pressures, close to critical, process of heat-mass exchange becomes supereffective, and temperatures of overheat of metal surface raised close to helium temperature. On nickel P-T diagram (Fig.3) one can see this anomaly at pressure about 0.9 GPa. We suppose, that this is a critical pressure. This value don’t contradicts with existing theoretical predictions. 

The pyrometry traces from the hot and cold films for the longest wavelength channel (700 nm center, 36 nm bandwidth) are displayed together for c-plane sapphire in Fig. 4.  

We see that the hot-film sample signal is much more intense than the cold-film sample.  

The shortest wavelength (362 nm center, 10 nm bandwidth) c-plane data is shown in fig 5.  As with 700 nm, the hot-film sample signal is much more intense than the cold-film sample signal.  However, the hot-film sample signal appears to decay more rapidly for 362 nm than for 700 nm.  

We see that the hot-film sample signal is much more intense than the cold-film sample.  

The shortest wavelength (362 nm center, 10 nm bandwidth) c-plane data is shown in fig 5.  As with 700 nm, the hot-film sample signal is much more intense than the cold-film sample signal.  However, the hot-film sample signal decays quickly.
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Figure 3.   Hot-film and cold-film samples, c-plane sample, 700 nm wavelength.  Because these are PMT output the signal is negative.  Shock-compression of the thin film occurs at about –200 ns.  Shock wave reaches rear sample surface at about +10 ns.  

A very similar set of results is found for the r-plane orientation of the sapphire at both 362 and 700 nm (not displayed).  


The analysis of the time rate of change of the signal yields an upper bound to the optical attenuation coefficient (i.e. worst-case scenario attenuation: the material can be more transparent but not less so).  This is because the cooling of the hotter film by heat transport into the surrounding sapphire will also give the appearance of a signal that decays with time.  Since both the optical and heat transport effect combine together to give the total apparent attenuation coefficients that we measure, we claim that our measurements reported are upper bounds on the optical attenuation.  For c-plane sapphire we compute upper bounds to the optical attenuation coefficients of 3.5 cm-1 and 9.2 cm-1 for 700 and 362 nm respectively.  For r-plane sapphire we compute 3.2 and 9.4 cm-1 for 700 and 362 nm respectively.  
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Figure 4. Streak of reflectivity from an Al and Pb step target.  Time runs left-right and space up-down. Reflectivity initially increases when the shock breaks out at each surface.

CONCLUSIONS

Perhaps the most important result of this work is that the cold-film sample signal level allows us to make a reasonable assessment of the window’s emission contribution to the case of the hot-film signal.  This is because the window emission contribution to both the cold-film and hot-film signal should be nearly identical.  For the case of sapphire between 250 and 260 GPa, we see that the emission from sapphire contributes very little to the overall emission in the hot-film case.  This in turn puts a tighter constraint on the arithmetic process of determining a total attenuation coefficient from the hot-film sample data. 

We advise the reader that the attenuation coefficient results reported here are most appropriate to the use of sapphire with an optical pyrometer similar to ours.  Light scattering contributes to optical attenuation but its impact varies with system design.  For example, the results we presented here may not be as appropriate for sapphire as a VISAR window.  
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TABLE 1. Experimental data on isoentropic expansion of Ni. Initial Hugoniot pressure 1.7GPa.


P0, Bar�
D, km/s�
Up, km/s�
P, GPa�
THe, K�
T, K�
M�
(Up, km/s�
(T, K�
�
0.056�
16.96�
13.78�
0.002185�
20140�
 5400�
1.8�
0.4�
400�
�
0.51�
14.56�
11.12�
0.0138�
18342�
 5730�
2.06�
0.5�
200�
�
0.85�
14.46�
10.99�
0.0226�
18310�
 6680�
1.63�
0.3�
230�
�
2.005�
13.25�
9.92�
0.0441�
16000�
 8900�
1.905�
0.4�
280�
�
3.46�
11.79�
8.78�
0.0715�
15110�
10300�
2.07�
0.45�
330�
�
10.1�
11.77�
8.76�
0.174�
12750�
 8750�
1.9�
0.3�
300�
�
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