‘LEGIBILITY NOTICE

A major purpose of the Techni-
cal Information Center is to provide
the broadest dissemination possi-
ble of information contained In
DOE’s Research and Development
Reports & business, industry, the
academic community, and federal,
state and local governments.

Although a small portion of this
report is not reproducible, it is
being made available to expedite
the availability of information on the
research discussed herein.

1



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


QOLF CORNF -RICLTY - - 2.
LA-UR-81-2737

. LA-UR--81-2737
TITLE: INITIATION OF PROPAGATING DETONATIONS

Wi}

DE82 000564

AUTHOR(S): Charles L. Mader

SUBMITTED TO: Eighth International Colloquium on Gasdynamics
of Explosions and Reactive Systems

OIBCLAIMER

NOTICE
PORTIONS OF THIS REPORT ARE ILLEGIBLE.

it has been reproduced from the best
avaliable copy to permit the broadest
~ possible availabliity. e

]
LSRN EY R ]

By acceptance of this srticle, the publisher recognizes thal the
U.S. Covernment retains a nonaxclusive, roysity-free license
to publish or reproduce the pubiished form of 1his contribu-
tion, or to sllow othen to do so, for U.8, Govarnment pur:
posas.

The Los Alamos Scientific Lehoratory requests that the pub-
lisher Identify this article s work performed under 1ha Bus-
pices of the U.S. Department of Energy.

Ig
c
|
Q
-
®

@)
e
(@)
>
e
P
Qo
2
c
-

LOS ALAMOS SCIENTIFIC LABORATORY

Post Office Box 1863 Los Alamos, New Mexico 87545
An Affirmative Aotion/Equal Opportunity Employer

TR TNI |
I" ER ' v " -JW
Form No, 838 R3 UNITED STATES ;

8t. No. 2029 DEPARTMENT OF ANERQOY
12/718 CONTRACT W:7400:KNG, 34


About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Initiation of propagating detonations

Charles L. Mader
Los Alamos National Laboratory

Los Alamos, New Mexico 87544

Abstract--The initiation of propagating detonation in PBX 9404, PBX 9502,
and X0219 by hemispheric initiators of PBX 9404, 1.8 g/cm3-TATB. and X0351
is described numerically, using the two-dimensional Lagrangian code, 2DL,
and the Forest Fire rate to describe the heterogeneous explosive shock
initiation process. The initiation of propagating detonation in the in-
sensitlve explosive PBX 9502 by triple-shock-wave interaction from three

initiators has been modeled using the three-dimensional, reactive, Eulerian

hvdrodynamic code, 3DE.

1. Introductlion

The inltiation of propagating, diverging detonation ls usually accom-
plished by small conventional initiators; however, as the explosive to bhe
In{tilated becomes more shock Insensitive, the iniltiators must have larger
diametern (2.5 ¢m) to be offective.

The 120 camera was used to examine the nature of the diverging detona-
tion waves formed in PBX 3404 (94/73/3 HMX/nitrocellulose/Tris=fi~chlorvocthyl
phosphate), X0290 or PBX 9502 (95/5 TATB/Kel=F at i.894 p/va) and X0219
(90/10 TATB/Kel=F at 1.914 p/en’) by hemfspheric initfators. The pewn-

ctries of the Inltiatorn were (1) a Go3h=-mm=radius hemisphere of PBX 9407

.'.
These data were supplied by lames R. Treving, Los Aiamos Natlonal Laboratovy

Group M=3.



(94/6 RDX/Exon at 1.61 g/cm3) surrounded by a 6.35-mm-thick hemisphere of
PBX 9404, (2) a 6.35-mm-radius hemisphere of l.7-g/cm3 TATB surrounded by
a 19.05-mm-thick hemisphere of 1.8—g/cm3 TATB, or (3) a 16-mm—-radius hemi-
sphere of X0351 (15/5/80 HMX/Kel-F/TATB at 1.89 g/cm>).

We have numerically examined systems with similar geometries by use of
the hydrodynamic code 2DL [1] and the Forest Fire rate [i] to describe the
shock initiation process. As the explosive to be initiated becomes more
shock insensitive, the initiators must have larger diameters or some other
method must be used to achieve the required high pressures of adequate
duration. High pressures are achleved i1f two or more shock waves interact
to furm regular or Mach shock refiections. We will investigate propagating
detonation initiation in the insensitive high explosive PBX 9502 by the
double- and triple-wave interaction of shock waves formed by initiators that

are too weak to initiate propagating detonation individually.

2. __Numerical modeling of initiation by single initiators

The two-dimensional, reactive, Lagrangian hydrodynamic code 2DL was
used to describe the reactive fluid dynamics. The Forest Fire description
of heterogeneous shock initiation was used to describe explowive burn. The
HOM equation of state and Forest Fire rate constants for PBX 9502, PBX 9404,
and X0219 were identical to those described in Ref. [1]. The Pop plots are
shown in Fig. 1 and the Forest Fire rates in I'ig. 2. The BKW detounation
product equation-of-statce constants for X0351 and for 1.7- and l.B-R/cm3
TATH are given in Ref. [2].

The calculations were done in cylindrical geometry with Lucite con=-
finement rather than the air c¢oinfinement present ia the experimental study.
The Lucite confinement prevents the mesh dimtortion that can be fatal to

Lagranglan calenlations.



The central 6.35-mm region of the detonator is initially exploded, which
initiates the remaining explosive in the detonator using a C-J volume burn.
For any given mesh size and time step, the viscosity must be adjusted to
give a peak pressure at the detonation front near the effective C-J pressure.

The parameters used are as follows.

C.-!'culation Mesh Size Time Step Viscosity

In iator Acceptor (cm) (Us) Coefficient
PBX 9407/PBX 9404 PBX 9404 0.05 0.02 4.0
PBX 9407/PBX 9404 PBX 9502 0.05 0.02 seo
PBX 9407/PBX 9404 X0219 0.05 0.02 4.2
1.7 TATB/1.8 TATB PBX 9502 0.1 0.02 5.0
X0351 PBX 9502 0.1 0.02 5.0

The pressure and mass fraction contours are shown for a PBX 9404 hemi-
sphere initiating PBX 9404 1in Fig. 3, PBX 9502 (X0290) in Fig. 4, and X0219
in Fig. 5. The experimental and calculated position of the leading wave as
a functlion of distince from the origin is shown in Fig. 6.

The hurn can become unstable when it turns a corner. The instability
is apparently numerical because it can be eliminated by using an average of
ncarby cell pressures for the Foregt Fire burn vather tharn the individual
cell pressure.

The pressure and mass fractlon contours are shown in Fig. 7 for the
1.8-g/cm3 TATB hemisphere inltiating PHX 9502. Very little undecomposed
explosive wan obscrved experimentally, {in agreement with the calculated re-
sults. The contours are shown {n Flg. 8 for an X0351 hemlsaphere inftiating
PBX 9502. The experimental and caleulated reglons of partinlly decompused

PBX 9502 are shown In Filg. 9.



3. Numerical modeling of initiation by multiple initiators

The three-dimensional Eulerian hydrodynamic computer code, 3DE, [3]
was used to model numerically the interaction of shock waves in PBX 9502
formed by initiators that are too small to initiate propagating detonation.
The calculations were performed on the CRAY computer. The Forest Fire
model of heterogeneous explosive shock initiation was used to describe the
explosive burn.

The geometry studied 1s shown in Fig. 10. Two or three initilator cubes
of 7 by 7 by 7 cells are placed symmetrically in a PBX 9502 cube with con-
tinuum boundaries on its sides. The initiator cube centers were 1.6 cm
apart and 1.09 cm from the cube bottoms. The indices 1, j, and k designate
the position of the x-, y-, and z-coordinates. The total cube height 1s k
of 31, 1 18 29, and j 18 25. The initiator cubes were initially decomposed
PBX 9502 with a 2.5-g/cm3 initial density, which has an initial pressure of
245 kbar. This sends a diverging ~100-kbar shock into the surrounding PBX
v502. The computational cell size used was 0.114 cm, and the time step was
0.022 pys. The computer time for the 22,475 cells was about 50 minutes for
150 cycles.

The expected wave interactions are sketched in Fig. 11. The sketch
shows the waves, just after double-wave interaction, ar dashed lines, and
the dark region shows the double-wave interactions. The solid lines and
dotted regiens show the waves after triple-wave interaction.

The pressures from the diverging double-wave interaction in inert PBX
9502 are about 200 kbar, and those from the triple-wave interaction are about
300 kbar.

The calculated three-dimensional pressure and mass fraction contours

for two initiators are shown in Fig. 12 and for three initiators in Fig. 13.



The isobar and mass frac*ion cross sections for layer j of 9 (across the

detonator centers) are shown for two initiatore in Fig. 14 at 1.34 ps, in
Fig. 15 at 1.78 us, and in Fig. 16 ct 2.66 us. The isobar and mass frac-
tion cross sections for layer j of 11 (across the edge of the detonators)
for three initiators are shown in Fig. 17 at 1.78 us, in Fig. 18 at 2.10
Us, and in Fig. 19 at 4.42 us.

Although two initiators cause double-wave interaction that results in
" considerable decomposition, propagating detonation does not result.

Three initiators fail to initiate propagating detonation at the double-
wave interaction points but do at the triple-wave interaction region. The
higher triple-wave interaction pressure results in a shcrter run to detona-
tion. The detonation can be maintained long enough to become a propagat-

ing, diverging detonation.

4. Conclusions

The initiation of propagating detonation in sensitive (PBX 9404) and
insensitive (PBX 9502 and X0219, explosives bv hemispheric initiators can
be described numerically using the two-dimensional Lagrangian code 2DL and
the Forest Fire rate. Large egions of partially dacomposed explosive occur
even when insensitive explosives are initiated by large Iritiators.

The three-dimenasional Eulerirn hydrodynamic computer code, 3DE, has
been used to examine the interaction of two and three shock waves from ini-
tiators In PBX 9502. The dynamics of initiating propapating detonatlon In
an insensitlve explosive by multiple shock-wave interactions hus been

modeled numerically.
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Figure captions

1. The distance of run to detonation as a function of the shock pressure.

2. The Forest Fire decomposition rates as a function of shock pressure.

3. The pressure and mass fraction contours at various times for a hemi-
spheric initiator of 6.35-mm-radius PBX 9407 surrounded by 6.35 mm of
PBX 9404 initiating PBX 9404. The pressure contour interval is 50
kbar and the mass fraction contour 1is 0.1.

4. The pressure and mass fraction contours at various times for a hemi-
spheric initiator of 6.35-mm-radius PBX 9407 surrounded by 6.35 mm of
PBX 9404 initiating PBX 9502 (X0290). The pressure contour interval is
50 kbar and the mass fraction contour is 0.1l.

5. The pressure and mass fraction contours at various times for a hemi-
spheric initiator of 6.35-mm-radius PBX 9407 surrounded bv 6.35 mm of
PBX 9404 initiating X0219. The pressure contour interval 1is 50 kbar
and the mass fraction contour is 0.1.

6. The experimental and calculated position of the leading wave from the
top of the explosive block as a function of the distance of the leading
front of the wave from the origin.

7. The pressure and mass fraction contours at various times for a hemi-
spheric initiator of 6.35-mm-radius TATB at 1.7 g/cm3 surrounded by
19.05 mm of TATB at 1.8 g/cm3 initiating PBX 9502. The pressure contour
iuterval is 50 kbar and the mass fraction contour is 0.1l.

B. The pressurc and mass fraction contours at various times for a hemi-
apheric initiator of 16-mm-radius X0351 initiating PBX 9502. The
pressure contour interval is 50 kbar and the mass fracrion contour is 0.1.

9. The calculated and experimental reglon of partially decomposed PBX 9502

when initiated by an X035l initlator.



Figure captions (cont)

10. A PBX 9502 cube with three embedded rectangular initiators.

11. The expected double- and triple-wave interactions from three initiators.
The dashed lines and dark regions show the double-wave interaction.
The solid lines and dotted regions show *he triple-wave interaction.

12. The calculated three-dimensional pressure and mass fraction contours
for two initiators in PBX 9502. The pressure contours are shown for
200, 150, and 100 kbar at 0.4, 1.5, and 2.7 us. The mass fraction
contours are 0.8 and 0.5.

13. The calculated three-dimensional pressure and mass fraction contours
for three initiators in PBX 9502. The pressure contours are shown
for 200, 150, and 100 kbar at 1.5, 3.1, and 4.5 us. The mass fraction
contours are 0.8 and 0.5.

1l4. The isobar and mass fraction cross sections for layer j of 9 are shown
for two initiators at 1.34 us. The 1isobar interval is 50 kbar. The
mass fraction interval is 0.1.

15. The isobar and mass fraction cross sections for layer j of 9 are shown
for two initiators at 1.78 pus. The isobar interval 1is 50 kbar. The
mass fraction interval is 0.1.

16. The 1isobar and mass frantion cross sections for layer j of 9 are shown
for two initiators at 2.66 us. The isobar interval is 50 kbar. The
mass fraction interval is 0.l.

17, The isobar and mass fraction cross sections for layer j of 11 are shown
for three initiators at 1.78 pys. The 1sobar interval is 50 kbar. The
mass fraction interval ie O.1l.

18. The isobar and mass fraction cross sections for layer j of 11 are shown
for three initiators at 3.10 pys. The isobar interval is 50 kbar. The

mass fraction interval 1is O0.1.



Figure captions (cont)

19. The isobar and mass fraction cross sections for layer j of 11 are shown
for three initiators at 4.42 us. The isobar interval is 50 kbar. The

mass fraction interval 1is 0.1.
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