
t .
!J

.4

i.
3

.,,

*
—- —. —r-x?=r- .....-7... ? 3-. —.. S7.-me.“..

:-i
mmmmmmamiim ~~~:i -—-.——————-—--. —..— —_——.-— .—...——.——..-

.,
.

-,
.

.-.

.,-.. .

.4
.:.

‘1.

. .

.

:-i
1!

ii‘ I



h Affh@s Act.io@4@@xxSUI@ Empbycs

‘-+

Edited by Kyle ,Thom

Photocomposition by Pamela H. Mayne

XXSCLAMER

This report was prepared as art account of work sfmr.wed by arr agency of the United StNca Covcrnment.
Neither the United States Govererrnent nor any agency thereof, nor any of their employees, make-sasty
warranty, express or implied, or a.s$umcsany legal liability or responsibility for the aecutacy, completeness,
or oacftdrresa of arty information, apparat us, product, or process disclosed, or represents that its w would
not irrf~e priv-arelyowned rights. References herein to any sprxitlc commercial product, proeesa, or
service by trade name, trademark, rnaerufacrurcr, or otherwuc, does nor neeeasa.dy constitute or imply ita
endorsement, recommendation, or favoring by the Unired States Government or any agency thereof. The
views and opinions of authors expressed herein do not neceasisrily ssate or reflect those of the United
Sta@s tlrvcrnment or.any agency thereof.



LA-8989

UC-45
Issued: November 1981

Two- and Three-Dimensional

Detonation Wave Interactions

with a Copper Plate

Charles L. Mader
James D. Kershner

.

..

—----- . . . . .

.,

i

LOSAllaUTilOSLosAlamos,NewMexico87545
Los Alamos National Laboratory

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




TWO- AND THREE-DIMENSIONAL

DETONATION WAVE INTERACTIONS

WITH A COPPER PLATE

by

Charles L. Mader and James D. Kershner

ABSTRACT

The effect of multipoint initiation of an explosive on the motion of a thin metal plate

is investigated in two- and three-dimensional geometry.

——— —— _______

I. INTRODUCTION

The flow resulting from laterally colliding, diverging

cylindrical detonation waves in PBX 9404 was studied

experimentally and theoretically by Mader and Venable. 1

The experimental observations were reproduced ~umer-

ically using the Forest Fire heterogeneous shock initia-

tion burn2 in the two-dimensional finite-difference

Lagrangian hydrodynamic code (2 DL).2 ..

The three-dimensional Eulerian reactive hydro-

dynamic code (3 DE), described in Ref. 3, was used to

model numerically the interaction of three spherically

diverging detonation waves. The formation of regular

and Mach shock reflections in three-dimensional

geometry was described. The 3DE code was used to

model the initiation of a propagating detonation in the

insensitive explosive PBX 9502 by triple-shock-wave

interaction from three initiators.4

In this report we describe the interactions of two

cylindrically diverging detonations and four spherically
( diverging detonations with thin metal plates.

IL CYLINDRICALLY DIVERGING DETONA-

TION WAVES

Reference 1 shows that the radiographic studies of

laterally colliding, diverging cylindrical detonation waves

in PBX 9404 could be reproduced numerically using the

2DL code with the heterogeneous shock initiation model

called Forest Fire.2

Using the numerical technique, we studied the effect of

the resulting wave on the motion of a thin copper plate.

The system studied was a 0.4-cm copper plate driven by

6.2 cm of PBX 9404 initiated by two line generators

located 5.08 cm apart.

The calculated isobar profiles are shown in Fig. 1. A
series of shocks and rarefactions travel back and forth in

the metal plate, resulting in a very irregular free-surface

profile. The leading free surface of the plate initially is

located above the detonators and later changes to above

the detonation wave interaction located midway between

the detonators. Because the usual system of multipoint

initiation of explosives is three dimensional, we extended

our study to four detonators.

111. FOUR SPHERICALLY DIVERGING DETONA-

TION WAVES

The geometry studied using the three-dimensional

reactive hydrodynamic code 3DE3 consisted of four

detonator cubes of 4 by 4 by 4 cells placed in a cube of

PBX 9404 with continuum boundaries on its sides. The

cells were cubes with 0.1 -cm. sides. The initiator cubes

were placed in the corners of the PBX 9404 with their

1



cell centers located 1.8 cm apart. The detonator cubes

initially were decomposed P BX 9404 with a 3 .0-g/cm3

initial density and a 0.05 -Mbar-cm3/g energy.

The cube was 24 by 24 cells wide (x-, y-coordinates)

by 34 cells high (z-coordinate). On the z-coordinate,

there were layers of 2 cells 9404, 4 cells 9404 initiator,

22 cells 9404, 2 cells copper, and 4 cells air. Figure 2

shows the problem. The time step was 0.02 ys until the

detonation wave neared the copper (cycle 144), and then
it was decreased to 0.01 w for the rest of the calculation.

The problem required 2 hours of CRAY computer time

to run 432 cycles.

The pressure contours are shown in Fig. 3 for a cross

section run through cell 13 in the xdirection (through the

center between the detonators). Figure 4 shows the

pressure contours for a cross section run through cell 30

in the z-direction (located initially at the copper surface).

The quadruple point Mach stem has a pressure about

100 kbar higher than that of the surrounding explosive.

It is located behind the leading detonation wave surface

(which is above the detonators) when it interacts with the

copper plate. The copper plate is shocked and reflects a

strong shock wave back into the detonation products. A

series of shock and rarefaction waves, similar to the two-

dimensional case described in Sec. II, travel back and

forth in the metal plate resulting in a very complicated

free-surface profile.

Again, the leading free surface of the plate initially is

located above the detonators but at later times changes

to between detonators.

IV. CONCLUSIONS

The effect of multipoint initiation of an explosive on

the motion of a thin metal plate has been numerically

investigated. The location of the leading free surface

changes from above the detonators to above the detona-

tion wave interaction centers. The relative position of the

detonators and the run distance of the detonations atler

they interact and before they shock the metal plate are

important parameters in determining the magnitude of

the plate free-surface perturbation.

REFERENCES

1. Charles L. Mader and Douglas Venable, “Mach

Stems Formed by Colliding Cylindrical Detonation

Waves,” Los Alamos Scientific Laboratory report

LA-7869 (September 1979).

2. Charles L. Mader, Numerical Modeling of Detona-
tions (University of California Press, Berkeley, Cali-

fornia, 1979).

3. Charles L. Mader and James D. Kershner,

“Three-Dimensional Eulerian Calculations of Tri-

ple-Initiated PBX 9404,” Los Alamos Scientific Labo-

ratory report LA-8206 (September 1980).

4. Charles L. Mader and James D. Kershner,

“Three-Dimensional Modeling of Triple-Wave Initia-

tion of Insensitive Explosives,” Los Alamos National

Laboratory report LA-8655 (February 198 1).



.

4

6.84 /.LS

780 ps

8.68 ps

Fig. 1. Calculated isobar contours with a 20kbar contour interval are shown for two cylindrical

diverging detonations initially s.0 cm apar~ interacting with a 0.4-cm copper plate after 6.2 cm of

run.

3



8.96/Ls

A
b

14.28 us

*

t

Fig.1. (cent)



●

✃

PBX 94o4

AIR

+COPpER

Fig. 2. A sketch of the problem with the four detonators in PBX 9404 and a copper plate.
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Fig. 3. The isobar cross section for cell layer 13 in the x-direction. The isobar interval is 100 kbar. The copper.explosive
and copper-air mixed cells are shown with a heavy dot.

o

.

6



m

r-l

1

. . . . . ● ✌✎✎ ☛ ✎ ✎ ✎ ✎ ✎ ✎ ✎
✎ ✎ ✎

● ✎ ✎ ✎ ✎ ✎ ✎ ..mm .*. .
● mm.

.

.

/
...

$9 (
\00

35791] 13 15 17 19 21 23 25

J 1-13
3.20 MICROSECONDS

Fig.3. (cent)

.

7



. . . . . . . . . . . . .= -9-= ‘---=-

. ..0.. ● ===== ===... ● =.===

“V’””d

o
0

0
0

57

3.45

9 1-1 13 15

J

MICROSECONDS

Fig.3. (cent)

\QQ

\

19 2-1 23 25

1-13

8



,

,

. . . . . . . . . . . . 9 ..*.. . . . . . .

P

35 7 9 11 13 15 17 19 21 23 25

J

J.70

I

1=13
MICROSECONDS

Fig.3. (cent)

,

.

9



10

— 200

f

@o

o
13

\
/’0o

1357

3.95

9 11 13 15 17 19 21

J

MICROSECONDS
Fig.3. (cent)

\Q!j-

\
“’b.

A
23 25

1=13

.



.

o

‘)
o

M
o
0

1
I 1 I r T r 1 1 1

I

1

1357911 13 15 17 19 2“1 ;

J

4.20 MICROSECONDS
Fig. 3. (cent)

25

1-13

11



v)L00 .’(/+O

T
z
N

1

13 15 17 19 21 23 25
I 1 T 1

1357 91

I 00

4.45

J

M I CROSECONDS
Fig. 3. (cent)

I-13

L

.

12



m

0)

“ fob-.l Qa-foo -“loo”-

. . . . . . ,., ...

● “”””” \ 9 . . . “-

/ o
..

●✞

-200

k

ln -

rl-

1 1 1 1 1 1 1 1 1 1 1 r 1

13s7

4.95

9 11 13 15 17 19 21 23 2s

J

MI CROSECONDS

Fig. 3. (cent)

1=13

13



.Q-

0

()

1357

5.20

) J 1 1 1 1 1 1 1 1 1

7 19 21 23 (9 11 13 15

J

MICROSECONDS
Fig.3. (cent)

1-13

14



\ —

(
\ -,

\
3.95ps ~

o
.

PRESSURE (MEGABARS) KZ 30

Fig.4. Isobar cross sections for cell layer 30 in the z-direction, initially located at the copper surface. The isobar interval is 50 kbar.

15



/’

)0

o
PRESSURE (MEGABARS) K= 30

Fig.4.(cent)

●

16



I

Domestic N-m
Page Rmtge Price Price Code

001-02s s S.oo A02

026a50 6.00 A03

051475 7.00 A04

076-100 8.W AOS

101-12s 9.00 A06

126-1S0 10.00 A07

tinted IIIthe United States of America
Available from

Nstbnd TechnicalInfomutbn Scwice
US Department of COmmetc=

5285 Pott Royal Road
SIXingfbld, VA 22161

Miuofkhe S3.30 (AO1)

DOmmtic NTSS DOmcttic N-m
page Range Rice Rice Code page Rsngt Rfce Rice (%de

151-17s $11.00 A08 301-32s S17.00 A14

176-200 12.00 A09 326-3S0 1s.00 AM

201-225 13.0+2 A1O 3s 1-37s 19.00 A16
226-2S0 14.s43 All 376420 Zo.ca A17
2S1-27S 1s.00 A12 401.42s 21.00 A18
276-300 16.00 A13 4264S0 22.00 A19

Domestic NTls
Page Ran;e Rice price Code

4s147s S23.00 A20
476-SOO 24.00 A21
SOI-52S 25.00 A22
S26-SS0 26.00 A23
SS1-57S 27.00 A24
S76400 2s.00 A25

Wlllp t A99

tAdd sI.~ for each additional 2S-page increment or pOItiOn thereof from 601 page: Up.


