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FAST SHOCK TUBE ASSEMBLIES

Raymond D. STEELE and Tai--Ho TAN

University of California, Los Alamos National Laboratary, l.os Alamos, New Mexico 87545*

We have developesd 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 €luid.

These devices were desiqned to investi-
qate the physics of hypervelocity flow. The
*“shockless” acceleration suggested by

Mccalil s of particular interest.

2. FEQUIPMENT

We have bullt two versions of explosively
driven devices. One relies on the detona:
tion velocity of the explosive (~8.8 kun/s)
to produce shock velosities of approximately
8.8 km/s in a foam workinag f£luid, and the
other is designed with an explosive lens and
will produce shock velocities in the working
fluid up to 18 km/s.

The slower version of the fast shock tube
is shown in PFiq. 1. The HE used in the de
vice ls PBX 9501¢*.4 this device functions

by initiating a Reynolids kP L detonatord to

light the initiation cap. The PBX 9501 in
the initiation cap burns symmetrically,
thus liqghting 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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FIGURE 1

1€ the working Eluld is selected care
fully, a shock will form as material 1is
driven in the direction of the dctona
tion. This shock will, in the limit, have

*  Thims work was sponsored hy the U, 3. Department of ¥nerqgy under contract W-740% ENG 16 with
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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 contained in
thin-walled metal tubes or in direct contact
with the explosive.

In all cases the working fluid was rigid
foam with a density of 0.3 gn/cm3. This den-
sity was selected to give near-optimal per-
formance in the device. 1I1f 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 fiuid 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 materials
had a unique advantage. The TPX foam had
very fine coll structure and a high hydro-
qen-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 fluld to a polyurethane
foam. (me disadvantage of the polyurethane
foam 1s that it is a complex mixture and
will be more difficult to understand than
simpler chemical speciem. The call struc-
ture in the polyurethane foam is also coars
er than one might 1ike. Our most recent
chanqge s to polystyrene foam. Polystyrene
{3 compused entirely of catbhon and hydroqen,
and for this redson may have a bhetter poasi
bility of belng understood. Tts cell struc

ture 1y also smaller. In the final 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
detonation 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 i3 shown in Fig. 2. The device
1s based on a chemical lens that 1is 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
eenedickd., The high-velocity and main-
charqge components of the device in Fig. 2
are PBX 9501, the slow component. 1is Bara-
tol2, The system 1is 1it 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 larqer version

of tha unlensed device. ‘This 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. Wwe 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 {f a shock formed
in the axial direction when the devices were
fired. To perform this experiment micro-
coax cables (0.013-in, diameter) were lnsert-
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
shock as it exited from the barrel. These
experiments were conducted with both no-
ble gyas flashers and with a device that meas-
ures the emission of bromoform. As a result
of these experiments, we are convinced that
the shocks are higyhly planar 43 they exit
the shock tube.

Current experiments are centering on the
utie of this device to achleve "shockless® ac
celeration of particles. A typlcal experi
ment i3 shown In Flqg. 3. Atter we have
formed a shock in the shock tube, the qas is
allowed to expand down the barrel. 1In prin

ciple the qgas expands to a very low density

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

locity.

AN EXPLOSIVELY DRIVEN
HYPERVELOCITY
MASS ACCELERATOR
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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, radlography, 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. CONCLUSIONS

We have designed and fabricated an ex
plosively driven shock tube to 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 oparate
at approximately 18 km/s, We plan to use
these devices to drive "shockless® partdi

c¢le avcelerators,
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