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Approach

“Partial Differential® look into a multi-parameter,
multi-process explosive application ... :

* Effects of explosive performance are
envisioned and modeled consistently,

* Two different modeling methods were
validated and extrapolated:

« SCAN analytical model code

« Baker Hughes 2-D 2"d Order
Eulerian Grid Code

Earlier work using BRIGS is not
presented in the paper or presentation.




Detonation Velocity -- Key Characteristic of
Explosive Mass & Energy Densities

For an individual energetic material D =A +Bp,
describes performance versus pressed or cast density at

less than crystal density

. . 10 _ D=-b¢\jb2-4ac
Urtiew & Hayes provided - 2
- a = 07217 -0.265 p,
formulafor D from o f  b=-12s
energetic materials =06 Al

and binders.

Using gas expansion
to define propulsion

Y average = 277"

Y =-dinP/dInV
for constant y expansion

Detonation velocity, D (mm/ps)
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* 2.8+ for high performance S.C. explosives ™% @




Different Explosives in Shaped-Charges

SCAN used to reverse-engineer performance of explosives
In BRL 81-mm S-C using Gurney formulas where
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Extrapolating Explosive Performance
using a JWL Equation of State
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Detonation Velocity versus
Explosive Density --- JWL & SCAN Models

Comparable over the range of simulations
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SCAN Modeling using BRL 81mm Configuration

Jet Tip Velocity increases until jet formation
process reaches supersonic limitation at

~ 10.12 km/s at explosive density ~ 2.15 g/cc
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SCAN Modeling using BRL 81mm Configuration

Supersonic collapse limits Jet Length,
Velocity Gradient and Target Penetration
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SCAN Modeling using BRL 81mm Geometry

Supersonic jet formation criterion applied to
combinations of cone angle and explosive density
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Baker Hughes 2-D 2"d Order Eulerian Code

Simulations

60° Cu, t}j,er 1.65 mm
point initiated
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Simulations were stopped when jet tip
reached ~ 24 cm from charge face




Baker Hughes 2-D 2nd Order Eulerian Code

Simulations:
Increased Density and
Detonation Velocity = £
lead to: 3
e increased Jet: E
» velocities,
e gradients, and
e Kinetic energy
. Increased
Slug velocity P
From 600 to 700 m/s 2
to ~ 1500 m/s %
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SCAN Modeling of Cone-Shaped Detonation

Detonation wave half angle ® is determined by
the ratio of outer to inner detonation velocities
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SCAN Modeling of Cone-Shaped Detonation
In a BRL 81 mm Shaped Charge

Optimum jet formation (supersonic criterion) using
lower performance explosive for majority of charge
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LIFT Charge
(1980)

[ Cone-Shaped-Wave
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Water-Based or
Organic Material—
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Drs. L. Zernow, M. Held, R. Brown and others
have designed and built “over-wrap” devices




Summary and Conclusions

Higher Detonation Velocity Explosives
can still provide more shaped charge performance

Jet & Slug Velocities and Kinetic Energy increased

as aresult, Jet & Slug can be tailored for
target penetration and effect

Higher Detonation Velocity Explosive
can be used as an “outer-wrap” to provide:

 Conical detonation wave
e Optimization
* Insensitive explosive charge designs




|S HIGHER DETONATION VELOCITY
NEEDED FOR SHAPED-CHARGES ?

NO .... but, it can be very beneficial
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Gurney Velocity / Detonation Rate relationships:

Vg/D = 0.337 (P.W. Cooper)

Vg/D = (0.605/["=1]) (J. Roth per J.E. Kennedy)
where I" = the adiabatic exponent for the gaseous products

Vg/D = (0.60 ¢ ~Y2+0.648 p, ¥2) / (1.01 + 1.313 p,)

where ¢ =N M 2Q ¥2; N = moles of gaseous detonation products
M = average weight of gases, and Q = chemical energy of detonation
(Hardesty & Kennedy / Kamlet & Hurwitz)

Copper Cylinders

Vg /D Exp. (Licht) Cooper Roth HK/ KH
TNT 0.346 0.346 0.350 0.351
Comp B 0.345 0.343 0.355 0.385
Octol 0.335 0.330 0.331 0.328
LX-14 - 0.326 0.348  -—---

PETN 0.359 0.355 0.369 0.331

aty=2.9, SCAN formula==>Vg /D =0.338
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