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FAST SHOCK TUBE ASSEMBLIES

Raymond D. STEELE and Tai--Ho TAN

University of California, Los Alamos National Laboratary, los Alamos, New Mexico B87545*

We have developazd unique explosively driven devices to be used as fast-shock tubes or as par-
ticle launchers. Such drivers produce a highly symmetrical pressure wave that can be used
to launch particles. We have achieved shocks in these devices of approximately 18 km/s, and
plan to use these devices to accelerate particles in a "shockless® particle launch.

1. INTRODUCTION

We have designed and tested a number of
devices that are used as e'‘ther fast shock
tubes or as particle launchers. Shock veloc-
ities as high as 18 ka/s have been measured
in these devices. The shock tubes are driv-
en by high explosives (HE) and use low-densi
ty foam as a working fluid.

These dsvices were designed to investi-
gate the physics of hypervelocity flow. The
"shockless” acceleration suggested by

McCatil is of particular interest.

2. FQUIPMENT

We have built two versiouns of explosively
driven devices. one relies on the detona-
tion velocity of the explosive (~8.8 kun/s)
to produce shock velorities of approximately
8.8 km/s in a Evam workinag fiuid, and the
other is designed with an explosive iens and
will produce shock velocities in the working
fluid up to 18 km/s.

The siower version of the fast shock tube
is shown in Piq. L. The ¥ used in the de
vice ls pBX 9501°¢. 2 Phis device functions

by initiating a Reynolds kP L detonatord to

light the initiation cap. The PBX 9501 in
the 1{initiation cap burns symmetrically.
thus liqhting the PBX 9501 main charge.
The detonation proceeds down the cylinder
at the detonation velocity of PBX 9501
(8.8 km/s) as well as in a radial direc-
tion, which compresses the working fluid

in the center of the device.
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1€ the working fluld 1is selected care
fully, a shock will form as material is
driven in the direction of the dectona

tion. This shock will, in the limit, have

*  Thls work was sponsored hy the U, 3. Department uf ¥nerqy under contract W-740% ¥NG 16 with

the University ot Califorma.
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the detonation velocity of the explosive, al-
though it will have a somewhat faster veloci-
ty near the initiation head because of tran-
sient effects. We have used this device
with the working fluid either contalned in
thin-walled metal tubes or in direct contact
with the explosive.

In all cases the working fluid was riqgid
foam with a density of 0.3 gn/cm3. This den-
sity was selected to give near-optimal per-
formance in the device. 1f the density is
too high, the axial velocity will swallow
the shock and it will not propagate down the
tube; if it is Loo low, the tube will close
off. some of the working fluid should es-
cape in the opposite direction of the propa-
gating shock thus enhancing momentum of the
shock.

We have used several foams; they are
poly(4-methyl petene-1) (TPX), polyurethane,
and polystyrene. Each of these materlals
had a unique advantage. The TPX foam had
very fine coil structure and a high hydro-
qgen-to-carbon ratio. There is some feeling
that a high percentage of hydrogen in the
foam might be desirable. Because the TPX
foam was very erpensive to produce, we
chanqged the driving fluid to a polyurethane
foam. <¢ne disadvantaqe of the polyurethane
foam 1is that it is a complex mlxture and
will be more difficult to understand than
simpler chemical speciesm. The call struc-
ture in the polyurathane foam is aiso coarsy
er than one miqght Llke. Our most recent
chanqge is to polystyrene foam. Polystyrene
is compused entirely of carbon and hydrogen,
and for this reason may have a better pousi
hility of balny underatood. Tty cell struc

ture is also smalier. I[n the flnal analy

sis, the device does not appear to be too
sensitive to the working fluid, so long as
it has a density of about 0.3 g/cm3.

The 1initiation head has a brass plate
at the end nearest the detonator to
suppress any jets that might form as the
detonat ion turns the corner. The
remainder of the initiation head is filled
with 0.3 g/cm3 foam to provide a smooth
transition to the foam in the shock tube.

The high-velocity version of the fast
shock tube is shown in Fiq. 2. The device
is based on a chemical lens that is de-
signed to produce an axial velocity of ap-
proximately 18 km/s. The design of chemi-
cal lenses has been discussed in detail by
Benedick4. The high-velocity and main-
charge components of the device in Fig. 2
are PBX 9501, the slow component {s Bara-
tol2, The system is lit by a ring of 36
Reynolds RP-1 detonators and functions in
almost the same manner as the slower ver-

sion.
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We are now working on a larger version

of the uniensed device. 'Tthis version will



be approximatley 16 cm in diameter. We also
have designed simpler versions of the lensed

device that use a liquid slow component.

3. EXPERIMENTS AND RESULTS

lhe primary purpose of this paper is to
describe the fast-shock tube devices we have
designed. We do., however, wish to comment
on some of the experiments we have conducted
with these devices. The first series of ex-
periments was to determine LIf a shock formed
in the axial direction when the devices were
fired. To perform this experiment micro-
coax cables (0.013-in, diameter) were insert-
ed in the working fluid. A microwave signal
was then sent down the cables and reflected
off the end of the cable that was being
shortened by the passing shock wave. The
phase shift was measured in the returning
signal ard the velocity of the shock deter-
mined. By conducting several experiments of
this type we have shown that a shock does
form on the axis, is flat, and near its pre-
dicted velocity.

We also measured the planarity of the
ghock as it exited from the barrel. These
experiments were conducted with both no-
ble nyas flashers and wlth a device that meas-
ures the emission of bromoform. As a result
of these experiments, we are convinced that
the shocks are hiyhly planar as they exit
the shock tube,

Gurrent experiments are centerlnqg on the
utse of this device to achleve "shockless® ac
celeration of particles. A typlcal experi
ment is shown in Fiy. 3. After we have
formed a shock in the szhock tube, the gas is
aliowed to expand down the barrel. In prin

ciple the qgas expands to a very low density

and recompresses behind the particle. 1If
the parameters are selected properly, the
particle may be accelerated to a high ve-

locity.

AN EXPLOSIVELY DRIVEN
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FIGURE 3

We are now conducting experiments to un-
derstand the physics of expansion of the
foam, foam buildup behind the particle,
and particle acceleraticn. Obviously, we
are treating a two-dimensional problem and
there are many effects to understand. How-
ever, we have conducted a number of experi-
ments using Visar, radloqgraphy, photogra-
phy, and other techniques. With these we
have been able to measurs the initial ac-
celeration of the particle and determine

its condition at early times.

4. CONCLUS1ONS

We have designed and fabricated an ex
plosively driven shock tube o be used in
fundamental physics experiments. We have
two versions of this device. One is driv
en near the detonation velocity of the ex
plosive, the other |s designed to operate
at approximately 18 km/s. we plan to uue
these devices to drive "shockless™ partl

cla avcelerators.,



REFERENCES

1.

2.

McCall, Gene H., A Method for Producing
shockless Acceleration of Masses to Hyper-—
velocity Using High Explosives, La Jolla
Institute, LJI-TM-106 La Jolla, CA, May
1984.

Gibbs, T. and Popolato, A., LASL_Explo-
sive Property Data, Unlversity of
california Press, Berkley, CA, 1980.

3. Exploding Bridgewire Ordnance. Reynolds
Industries Incorporated, Del Rey, CA

4. Benedick, W. B., Detonation Wave Shap-
ing, Behavior and Utilization of Explo-
sives in Engineering Design, Proceed-
ings of the 12th Annual Symposium,
2-3 March 1972, New Mexico Section ASME
and The University of New Mexico Col-
lege of Engineering, University of New
Mexico, Albuquerque, NM, 1972.




