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As a high explosive (HE) ages, those properties of the HE dependent on its 
global energy-release rate (e.g. shock initiation and detonation propagation speed) 
are the most likely to be affected. Similarly, any HE replacement will bring with it 
changes in these same reaction rate dependent characteristics of the HE, in that the 
new material will not be identical to that being replaced. In this paper we describe how 
detonation shock dynamics (DSD) theory [ref 1,2] can be used to model how changes 
in the energy-release rate (as they are embodied in the HE's detonation speed vs 
curvature relation) influence the speed of detonation propagation and in turn the 
performance of a system. 

To identify some of the issues, we examine the propagation of detonation in a 
HE rib which is initiated by a cylindrical booster. We model the energy-release rate 
(which defines the HE's reaction-zone length) with one that mimics the reaction-zone 
length of PBX 9502. By direct numerical simulation (DNS), we demonstrate that the 
detonation propagation speed is reduced substantially as the detonation diff racts into 
the part of the main HE charge. The detonation front locations so obtained are 
compared with those generated with a Huygens construction that uses the constant 
Chapman-Jouguet detonation speed as the propagation speed. This comparison is 
shown in Figure 1. An 0(10%) reduction in the propagation speed obtained with the 
more physically realistic DNS leads to a large off-set between the two sets of fronts . 
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Figure 1 - A comparison of DNS 
and Huygens front locations. 

Figure 2 - Axial wave speed, D,VS the 
inverse of the number of grid cells in the 
reaction zone, N. DCJ= 0.8 cm/ps. 
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The Huygens model does not yield an accurate result. However, within the 

restrictions of the model, the front locations so obtained are exact. Although more 
realistic, the DNS results are subject to errors introduced by an insufficient number of 
computational cells used to resolve the reaction zone (effects of resolution are 
indicated in gray in Figure 1). We address this issue by describing the results of a 
resolution study done on a related simpler two-dimensional problem, the detonation 
cylinder test. These results are presented in Figure 2. From these results, we find that 
to get an accuracy of O(10 d s )  in the computed wave speed, requires O(50 cells) in 
the reaction zone streamwise direction. This is the requirement for a simple reaction 
rate with only one length scale. Multi-step (multi-scale) engineering-style detonation 
models such as Ignition and Growth [ref 31 and JTF [ref 41 would require even more 
grid points to get comparable resolution. From these estimates, it follows that a 
resolved DNS of a three-dimensional device scale problem would be prohibitively 
expensive. Assuming an adaptive mesh refinement (AMR) strategy that uses only fine 
zoning in the reaction zone, the computation time on a 1000-cpu, ASCI-Blue Mountain 
Origin (assuming perfect parallelization) would be measured in hundreds of days 
[ ref51. 

In light of these results, we present our DSD model as an alternative strategy for 
such problems. With this method we can obtain accuracy comparable to that of a high- 
resolution DNS for roughly the cost of a Huygens calculation. We describe the 
fundamental results obtained from the theory, which are: (1) the wave speed, D,is a 
function of the total shock curvature, K, referred to as the detonation wave curve, D,(K) 
and (2) boundary conditions on the detonation shock where it meets the outer 
boundary of the HE. The experimentally measured wave curve for PBX 9502 is shown 
in Figure 3. A theoretically derived D, (K) curve for the reaction-rate model discussed 
above was also obtained, used to recompute the front locations, and compared with 
those given by the DNS. Figure 4 shows the good agreement of DSD with the DNS. 
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Figure 4 - A comparison of DNS 
and DSD front locations. 

Figure 3 - The D,(K) curve 
measured for PBX 9502. 

The above described DNS were all two-dimensional and somewhat under- 
resolved. To demonstrate the power of the DSD method, we consider a fully three- 
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dimensional problem: a one-point ignition of a spherical shell of HE that has a large 
hole whose axis is not coincident with that of the ignition point. Two snapshots of the 
DSD calculated detonation front are shown in Figure 5. 

Figure 5 - A 3D DSD calculation of the evolving detonation front in a 
spherical shell of HE. 

Recently, we have both extended DSD theory to include higher-order effects 
and performed very high-resolution (256 cells in the reaction zone) 2D DNS of the 
cylinder test, were the computational energy was focused on the near reaction zone 
flow. These calculations show that the reaction zone exhibits an inertia that retards 
changes to D, when D, is made to change quickly: e.g. when the detonation is forced 
to negotiate a sharp corner in the HE. These effects are important near the edge of the 
explosive. This leads to an extended DSD propagation law of the form, D,{K, (dD,/dt)} 

We show that the above theoretically derived expression and the high-resolution 
simulation are in excellent agreement; the theoretically calculated wave speed is 
within O(10 m/s) of the DNS. 
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