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AN EXPLOSIVELY DRIVEN, FAST SHOCK TUBE*"

T. H. Tan and S, Marsh

Los Alamos National Laboratory, GGroup M-6, M3 J970, Los Alamos, NM 87545 USA

A simple, cylindrically configured fast shock tube (FST) has been cmployed as a tool to investigate the
hydrodynamics of plate drive under a very high impulse-loading condition. The shock tube has a high-
explosive outer shell and a low-density foam core. 'The implosion produces a well-defined Mach disk that is
then subsequently used to drive a metallic plate. A thin stainless steel (S5) plate has been successfully launched
to 9 km/s with this device. The experimental results from the study of material flow will be presenied and
compared with nuinerical calenlation. Varions interesting measurement techniques will also be discnssed.

Keywoir ds: Intense dynamic feading
) ) [

1. INTRODUCTION

Explosively driven, evlimdricaiy nipending Fa7s
can he vonligured to produce gas pressuie at evels
weli above those achievabile winh punar high-explosive
(HET systems 1,20 Putentiahly, such device can ac-
velerate plares te veiocitios msech Kigier than those
pusssible with dight gas guns, and thus can be very valn-
able for studying eyuations of state, material property,
and impact phenomena ™ higher pressure 1egune. Onr
carlicr attempts to accelerate thin plates with the FST
have resulted in premature breakap due to wevere ra-
dial velovity, density, and pressure gradients i, W
have succeeded in mitigating some of these problems
M1, and results from mure recent work witl Le disenssel

bebaw,

2. FANT SHOCK TUDLE

A simple FS'T i illustrated in Fig, T, {tis niude
up ol n holtlow onter HE cyhnder aned Bitled sty eofoanm
vore, ‘Phe HE s singhe-point ignitet ot the heft el
with ¢ plane wave bns, Dae to the phicased jimpda
sian, the inner HE wall comverges ranhially il nots
as u peristalti= pnmp to psh fiam to the right. e
snhayenquent dynamies nre reacdily nnderstoond vie the
physics of atemdy-slate nozzhe flow (5G] A Mach disk
18 gewerrabeed in the Tomm core an the obligue shoeck in

Letser Uy the pelleetion frian the axine The axial shiek

Thin wink wax muppoatial by the US Departinent o
gy,

front continues to develop as the HE hurn continnes.
hn a properly designed system, the Mach disk is fully
developed at the exit end and the How of campressel
foam behind is smooth with almost no radial grashients
and very gradnal axial gradients. Tl velocity of the
shock front can exceed the HE detonation veloeity, but
generally a slightly under-driven situation is preferred
to avoid predetonating the HE ahead.

In designing an optimized system, balimere is
achieved by adjnsting the inner to onter diineter ratio
of the HE, the length, the density of the foimn, and the
phase velucity between the detonntion wave nml the in-
terface. Foam density variation is olten a pracucal de-
yree of freedom for fine adjustiment. A 2D Falean hy-
tracode has been nsed todetermine the parameters
Fig. in. In the valenlation, the JWL eynation ol stute
ix nyed four the explosive proehiets with progranmed
harn |7| Treating the hewer depsity CH fiinn as indeal
pas with gamma of &7, apjesos e bein gaod agree
ment with experimental ohsevidion, A vadioginph
showing the dhetonatiom it the pethe ted shee by aned
the Mach hsk can be ween in Figo thy alomp woh g
oo winnilation showing their aggecmem. In time, the
Much disk is fully developed amed travele dowan i phase
with the burn fromt, Pt nd cabealatem with ning,
Lt mirnngement iesnbes ine an abedhigne detanatiom o
Tt the chnraetenistion of the axial sheek tomaine ay
changesl. We have alvo bandd that the phoang ek
generated in the bann taveb nenly perpembe nholy

teothe center Bne even it the HE detonnanion o e



fectly symmetrical or if the foain density is not too
uniform.

Other diagnostics, which often are more intrusive
than x-ray radiography, have also beren employed to
characterize the axial shock in the various FST ex-
periinents. A Doppler-shift microwave interferometer
(8] was used to mecasure shock velocity and synmune-
try by placing a number of micro-coaxial cables (0.35-
mni-diaineter) at the interface and inside the foan.
A Xenon flasher assembly [9] placed at the endl en-
abled us to neasure the (inal shock planarity anil
velocity with a smcar camera. Single-inode ijuartz
fibers inserted inside the foain provided a means for
tracking the temporal and spatial behaviors of the
shock. Atteinpts tvdeterimine the shocked quartz tem-
perature using time-resolved optical radiation inca-
surement, and thns the impinging shock history by
impedance matching, appears to be more complicated.
Measurements with the above dingnostics have yieldesl
umch eritical information on the performance of the
FST. The 0.2-g/cc foam, which has reasonably fine
porosity and uniforinity, is shocked to ahnos: 1.8 g/ve
and vaporizes rapidly. ‘The expanding gas fiom the endd
of the shack tubwe is observed by optical shinlowgraph

to tntmeving as fast ax M ki/n,

4 PLATE ACCEHLERATION

thpler an applied pressure by P(1), 0 plate ol

density, g amd thickness, 4, will expenivenee an acoebaa
tien, a(t), avcording v thevelation 1*(t)  plu(t). The
il plate veloeity, v, is governed by the impnlse egna.
tion j 14t

syster s have heen atidiod teoaeceherate 0,88 0 m thick

mu, wheee e is mans per mib e, Two

S8 plates, Phe diet system, fast shee b tndae witheont
Bl (FSTTNG, i configoed, as illsiated in Fig, ta,
vy simply phacing an S8 plate wt the end ol the FST
The sevorad v temn, fast shet tnbe with hanel (FSTH),
whie lcinoen porates g steel baaael with acanalha iman
thameter caes hall that ol the HE oo interbine aml
0 vacstaml el inoshewn in Fig. 2h,

athe FSEN wynteac the Nach ek e teeihee
il sonchen keed e dameter el aanves at tae plate
st awesdy winh the detoatem et The plare
thow  speren e extienaehe Lo imgabae St wathers

vty stpomg sl k beling ) I e abenbetion e

shown in Fig. 3a and a radiograph of a 0.15-cm S§
plate is shown in Fig. 3c. The comparison of the plate
profile shows close agreement. The plate appears ti
stay together as it travels downstream into a witness
plate. The radiograph indicates a plate velocity of only
6.2 km/s as compared to 7.4 km,'s in the calculation.
The discrepancy is attributable to the early pressure
relief as the central portion of the plate is punchied out
of the periphery by the stronger Mach structure.

The severity in plate loading can be seen in Fig. 3c
where calculation =hows the initial loading rate on-axis
to exceed 8 Mbar/us before the stagnation reaches a
peak of 0.8 Mbar. Off-axis loading vrofile is similar
but with lower peak pressure consistent with gises os-
caping. ‘The code uses material strength 10| but uu
fracture modcel is available. It is worth mentioning
that when a more ductile but lower strength T'i(6.4)
plate of the sime areal density is aceelerated, the plate
ballvons nearly to a full hemisphere before bursting,
Wxperiments with plates of higher viehl strengih b
lower duetility psaally result in quick Fragimentation.
Artempts tu accelerate thinner S8 plates generally end
in varly breaktlnough at the center sl resnlt in lower
mther than higher velocity, The detail of why the 85
phite respuands more favorably in this partienkn hadl-
ing enviromment is st being stihicd, We have, how-
ever, Tompd that by abaebhing the begth of the PR,
the profile of the progectilen cansistently apoears flat-
ter even thanghe the plate remaines Fragmeried aml the
velocity shies nat inerease noticeably, Iis clear that
we need toonmdestind e bt the lalanee he
tween the appliced ipmlse amld tie dymamie material
response,

The barrel in the FSTH system serves to cenbine
the preasare behined the plate iges nind thieine e e
the elleetive impmbar Caloalation: shew that The plate
veloeity pises when the wall thicknes, i reanes o
t3 1o Favem, head the length hecwnes aningua tant al
ter a fow centinetters, Expamsion med conling ol gaae
it a studedd gape wilio tenbt e e genthe <o
tiem agaitest the plate

A plane b cabnlativn e shewncin Faygo ta Pl
Porawvatel v v Beeatine ecadenivsd loogn canher i

experienn s Lo hee e pdare B the Banel wabi aodd



to prevent the unstable radial stretching. 1'he desired
configuration is facilitated by the early collapse of the
mnner barrel corner, which causes the gas to accelerate
the periphery of the SS plate first. In the calculation,
the shape of the plate remiains stable in time and the
plate velocity quickly reaches 10 kmi/s. In the calcula-
tion, the plate appears to be thinning, and apparently
with less mass than the observation. This may explain
why it is faster. Again, gas relief around the periphery
is also a factor.

The calculated loading rate is apparently much
smaller than in the FST'N system, as can be seen in
Fig. 4c where it is reduced to about 1 Mbar/us. llow-
ever, the peak pressure is increased to 1.6 Mbar due to
pas confinement, The structure in the pressure profile
is an indication of complicated flow dynamics going
on inside the stand-off channel. Many uudesirable 2D
problems are ereateil. I sonie experiments, we have
confirmed the calenlated velocity and pressure profiles
directly by VISAR [11] and Fabry-Perot interferome-
try measnrement. However, the optical tracking time
is lmited by the opacity of expanding 1E produets.
We have also loand that the reflectivity of a highly
shovhed surfave can be abrptly nindified.

Experiments with Lirger barrel 1D or with dilber-
ent plate waterials all temd to end i early fragimenta-
tion The only exception is a layered sapphire-'1i plate,
whivh we have snccessfully aceeleratosd to 11 kin/s be.
fwe fractaring, while the debris stay:s in o plime and
travebi downstream with very small divergenee. howill
be interesting to i ot if 0 high sl speedt bnfler
mateinl can b elfectively nsed to help minigate the
impaet of shook lowling.  Severnl experiments were
perhomed s gemnetrically sealed-np system wath
Butfovm vater HE alioneter, 225 o inner banel ol
aieter, canl 8% o ctamdall, Under aoceleration, a
F v thick SS plave i hiagunente] it hig chunke ot
aveliny wl K0F ks A expected, the aneenainties
are prrimanly e 1o onre inability to hadle the nines

theav gnegualy neasde the seabad-upochonel,

40 Coneloyions
We have coceesadully aecelatad o thin S8 oplate
Wt hm s watheacgde e detapated FST aystem,

Thew wner e o maede geesihbe by aking sme ga) tha

the Mach disk at the output end of the phased implo-
sion is fully developed, (b) that the propellant flow is
kept planar in as large an iinpucted plate area as possi-
ble, and (c) that the periphery of the plate is separated
from the wall early. In principle, higher plate velocity
can be achieved with higher phase detonation velocity
device. In practice, we have learned that accelerat-
ing the plate under intense impulse is very challeng-
ing. We need to understand more about the details
of high-pressure hyilrodynamics and dynamic material
responuse before significant progress is possible.
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Fig. 1. (a) Simple FST configuration and (b) overlay

of ralculated and radiographic wave fronts in foim and

HE

Fig. 2. Configuration of plate accelerators. (a) FSTN,
accelerator without barrel, (b) FSTW, accclerator
with barrel.

Fig. 3. (a) Overlay of FSTN scwup and dynamic cal-
culation, (b) radiograph of SS plate at 4 us apart, and
(c) calculated pressure profiie.

I'ig. 4. Overlay of FSTW setup and dynamic salen-
lation, (b) radiograph of 88 plate at 4 us apart, audl
(c) calculated pressure profile.
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(a) Simple FST configuration and (b) overlivy of calculated and rvdiagraphic
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Configuration of plate accelerators. (a) FSTN, accelerator without barrel, (h)
FSTW, accelerator with barrel,
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FIGURE 3
(a) Overlay of ESTN setup and dynaniic calculation, (b) radiograph of 8§
plate at 4 s apant, and (¢) Calculated pressure profile.
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FIGURE 4
(a) Overlay of FSTW setup and dynamic calculation, (b) radiograph of 55
plate at 4 ys apart, and (c) Calculated pressure profile,



