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Abstract

The object of this sciudy is to incorporate a programmed

burn model of high explosive into a two<dimensional,
smeared shock Eulerian hydrodynamic code. Huygen's
principle and Chapman-Jouguet theory are used in defin-
ing the detonation velocity and the lccation where the
high-explosive energy is released. Precalculated burn
information such as burn times, burn distances, burn in-
tervals, and burn fractions are implemented into the
code before the hydrodynamic actions take place. Two
shaped charge problems are tested using the present code
and the results are compared with the experimental aata,
as well as those from other ccdes.

I. Introduction

Computer simulations for the detonation of high explosive have drawn more
attention recently both in industrial applications and laboratory analysis.
There are two approaches, namely programmed burn and reactive burn, used in
modeling the high-eiplosive cnergy release. Programmed burn is casy and
stable when it is incorporated with hydrodynamic «alculations while the reac-
tive burn mmodel may be more accurate, but more expeasive and unstable.

Most of the 2D codes for general engineering deaign purpose are still
using the programmed burn. For example, the 2D Lagrangian codes, HEMP[1!,
DYNA2D({2), EPIC2{"7, MAGEE[4], and the 2D Eulerian -odes, HELPL%], HULLI6 ],
and SOIL[7]. Those codes produce good computed results comparad with the -'x-
perimental data although the programmed burn is the only tool for adaing thce
high explogive relcased energy to the systems.

The present work uses the improved particle-in-cell (PIC) numeri~zal
scheme which 13 second-order accurate in time and space. The PIC method can
be Interpreted as 4 Lagranglan calculation (Phase I) followed by an Eulerian
remapping (Phase II) back to the original cell locations. ‘The high cxplosive
deposits its cnergy to the system in Phasc I only. Finally, Lwo eXamples of
hlgh-explosive driven metal formation (shaped charge) are shown to demonutrate
accurdcy of the model.

II. The Operator Splitting and PIC Method

The present work usvs operator splitting and particle-in-cell method:s Lo
solve the dependant variables such as density, velocity, aud interna! vnergy.
For a cylindrical coordinate, the governing equationy are split into two parts
and solved In radial (r) and axial (z) directlons separately. Jn ordur Lo
maintain a better accuracy, the calceulalions are alternated In directions for
each computational cycle, e.g., r-z-z-r or z-r-r-z. Thuo computational prooce-
dures can be briefly described in two phasea: In phase 1, known 4s tho



Lagrangian phase, the Lagrangian quantities at the (n+1)th time step are com-
puted based on previous known quantities, i.e., the (n)th time step. In phase
2, known as remap or particle transport phase, the particles are transported
according to a "tilde" velocity. The new cell mass (at n+1 time step) is the
sum of the masses of the particles in that cell after transport. The new
velocity is the final momentum in the cell divided by the new cell mass. The
new cell specific internal energy is the final total internal energy divided
by the new cell mass.

The partial differential equations for the compressible flow are given
below for r and z directions separately.

For the r direction, we have

- -y -2
Py up. - g (ru)r (mass) (M)
-—au -1
u, - uu 5 Pr (r momentum), (2)
Ve = T u v, (z mom=ntum), (3)
and
et =-ue - E; (ru)r + S (energy). (4)

For the z dirction, we have

Py = "V P, TPV, (mass), (%)
u, = - v u, (r momentum), (v)
v " - v v, - % P, (z momentum), ()

and
e, = - v e, - % v+ 8 (energy). (8)

In Eqs. (1) through (8), ¢ is the density, L the time, u and v Lthe cell
edge time average velocities in r and 2 directions, P Lhe pressure, u amnd v
the veloeities In r and z direetions, 5 the cnergy source duw Lo high oXx
ploslﬁf. agd the %ubscrlpts t, r, and z represent the tirst derivative,
i.e., ﬁ-l 3;. and 5;.

In high-explosive programmed burn, the baste asaumption 13 that the
detonation wave front traveis In itll directlions at the Chapmin-Jouguetl detona-
tion veloceity. Information concerning the cnergy released from high
explosive such as burn time (BT) and burn interval (Bl), are precaiuclated amd

stored In the code at time L = 0. Durlng the run, when the problem time T".
at cycle n, bearn greator than the BT value of 4 high-oxpltoaslive celtl, but
lesys than (BT ¢+ Bl), a fraction of the speelfic cnergy tor the particular LK
{3 deponited in the cell. This fraction is given by (1Jl- BT)/BL. On Lhe

next cycle, at 'l‘m1 I 'l‘m1 is stilt less than (BT v §31), another fractlon
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(Tn+1 - Tn)/BI of specific energy ls deposited in the cell. This continues
until the cell is completely burned.

The burn calculations depend on the Huygen's construction for the burn
distance. In Fig. 1, if A 1s the cdetonation point, then the burn distances to
points 1 and_2 are the line-of-sight distances from the detonation point,
i.e., lines Al and A2. However, the calculation of the burn distance to point
3 is more complex because point 3 i1s located in the shadow region from noint
A. In this case, the burn distance is obtained from the shortest distance of
the high-explosive wave paths including a new spherical wave centered at poirt
B. One poassible solultion of the burn_distance for point 3 is the total dis-
tances of line AB, chord BC, and line C3.

II1. Test Problems and the Results

In modeling the test problems, a 2D Lagrangian code was used to initial-
ize the setup and do short time caiculation so that the lirer will become
thicker, which will allow the Eulerian code to have more zones in the liner,

The first test problem is a confined, hemispherical, copper-lined, shaped
charge with PBX-W-113 as high explosive. The computational simulation of tne
charge and the initial conditions are shown in Fig. 2, with the thickness of
the aluminum case 0.635 cm and the copper liner C.47498 cm. _ The explosive
charze was simultaneously initiated at all peints along the AB plane which is
a circular disc. The surfdaces along HE, EF and GF arc¢ treated a4as contlinuouyn
flow boundary conditions, while the z-axis as a nonflow, refiective boundary.

The equation of state for the high explcesive is the Jones-Wilkins-Leec
(JWL) sct, which can describe the pressure-volume-ener,y relition of' the
detonation products very accurately in involving metal dcceleration. The JwWwl-
EUS5 for Lne pressure Is:

. Wy 7RV - W) TRV )@ \
P=aA(1 R1"]e 1o+ (0 H,V]e 20 v (o €,y {9)
&

where A = 9,50408 Mbar, B = 0.1091% MBar, R, = 5.0, RZ s 1.4, w=0.00 ¢, =

i 1
undetonated HE and ¢ the detonation energy. 1In compuling tne detonatlion

3

D = 0.8311 em/psee, ¢ = 0.087 MBar - cma/um3 and « - + ., =
é o3 “chemiaal 0 1

0.742080 MBar - em”/c¢m”. The geometry of Lhe collapsing copper {iner and

cnergy releasvd, we «lso need the following C-J parameters: Py ™ 1.07.0 g/¢m

tne jel formations (s glven {n Figs. 3 through b. The Jet starts to collapac
AL aboul 40 pscee after the charge initiation as shown in Fig. 3. AL time - 70
psee, the wings of the jeu were bent toward the jou tip direction us a1 reault
of tance ajuminum case, Fig. % shows «t jet of d4%-cm long and with tihe maximum
width of U-cm near the slug reglon. The cumulative mass versun velocelty plot
at time = 100 ysnec 1y shown In Fig. b with the tip veloelty of 0.50 em/ e,
The experimental data shows that the tip veloelty @t time = 100 psec, 13 0,hyy
om/ysec. This suggents that the numerical simulation is off by U.8%.

The second chargnr studied had a conlcal, 4:° copper liner, -mm Lhieck .nd
wan loaded with Comp. 3. Hoth experimental and computational chargen were
confined with aluminum bodlien and had cone diameters of 81.3 mm as shown In
Flg. 7. The nxploaive region wiaa detonited by single polnt indtiated at point
A for the modeling c.ticulations. Again, we use bLne JWL EOS. 1.e., Eq. (8),
wiLth Lthe constants, A = 5,002 MBar, B = 0.070/8 MBar, H1 « 4.2, R, = 1.1, we

0. 34, and ty = O.200M1063 MBar - cma/um’. The ©-.) parameters are Py = 1.711



g/cm3. D = 0.798 cm/usec, € - 0.085 MBar - cm3/cm3, and €chemical " 0.349416;
3

MBar - cm3/cm . The experimental measurements recorded were the ccllapse
angles along tha2 inslde and outside surfaces of the liner wall, Bin and Bout

respectively, and the distance, L, from the stagnation point to the rear of
the slug. The radiographs of the collalpse prccess were taken at deiay time
of 25, 31, and 37 usec after the initiation of the charge. Due to the
detonator/bocster assembly in tne experiment, there iIs a difference of 9.5
usec berween the data and calculations. Table I shows the comparisons among
the data, HEMP and present codes calculations. The HEMP code calculations and
the detail geometry of the shaped charge are reported in Reference 9. The
cumulative mass versus jet velocity ls plotted in Fig. 8 with tip velocity o’
0.73 cm/usec (experimentil data is 0.77 cr/usec)}. The present code simulation
shuws that the jet starts to break at 106 usec (Fig. 9) as compared to the
data of 106.4 psec [9].
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