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COMPARISONS BETWEEN FAST SHOCK TUBE CALCULATIONS AND TESTS

Jerry F. Kerrisk and John K. Meier

Los Alamos National Laboratory, Los Alamos, NM 8?545

Teats have been done to diagnose various aspacfs of the behavior of the shocked foam In the core of the
fast shock tube, Calculations and lest results of shock behavior In the foam are In good agreement.
However, calculations with different foam equations of state differ in some details. Precursor shocks at the
foam/HE interface were obsewed in some tests; a modified assembty procedure eliminated this problem.
Calculations of shape and veloclty of plates In direct contact with the foam are in relatively good agreement.
Expansion of shcked foam down ● barrel Is mrnplicated by perturbations from the barrel Inlet and from
deformed regions of the banel! In one test, a 2.Wm diameter by 2-mm thick stainless steel plnte was
accelerated to 0.78 CWWSand remained planar for a 55-cm run throuoh air.

1. INTRODUCTION

The Fast Shock Tube (FST) IS& cylindrically

convergent high. explosive (HE) system for drlvlng a

flat, axial shock In a polystyrene foam core Inside the

HE. The system Is described by Meler and Kerrisk. 1

(A discussion of a rolaWf system Is given by Menlkoff

and bckner,~) The shocked fosm, which ●ss like ●

gas, Is used as ● ddver for gasllow ●nd plate. ,

accelsratlon tests. Thio paper describes

comparisons between rec ‘It- from FST toafs ●nd

hydrocode calmaliono. The lwo.dimensional

Calculations wore done using various Eulerian

hydrococfes such ●s MESA 2D,3 The compmfsons

are being used ●o ● teat of the ability of tha codes 10

model the condltlorw In Ihe FST.
The conditions in the foam mre of the FST ●re

controlled by the size and type of HE ●nd the

dametw, length, and denslly of the foam. f The

dotonatlon veloclty of the HE (0.86 crrdps) oets the

●xial shock veloclty In the foam core, In the system

ttsled, the foam Is shocked 10=0,3 Mber wilh ●

partlcie veloclty of -0.6 cm/ps Drhdng ptossures on

plates of 0,3 to 1 Mbar are obtained by varying plate

materld ●nd standoff dltlance between tho end of

Iho foam ●nd the plalo.

2, TESTING

The objectlvc of the FST tesft wms to provide data

on 1) tho chape of lhe shock In the foam We,

2) expansion of the shocked fo~m (gao) down a

barrel, ●nd 3) ameleratlon of plates with the shocked

foam.

Figure 1 shows sketches of two test anangements

placed at the end of the FST. The motlcm of plates

placed dlrecfly over the HE ●nd foam cm (Fig, 1a)

have been tracked with radiographs, electrical pins,

or ● VISAR. Flasher assemblies havo ●lso been

placed directly on the end of the FST. Thcae tesls

provide data about the shock In the foam at the ●nd

of the FST, Radiographs of the shock near the ●nd of

the FST have alao been taken. An armngemont

I ●llowlng gas expansion down a barrel and

i ●cceleration of ● plate Is ahown Ir, Fig. lb. In these

( teStS, ●arly plate motio, has been measured with

I point ●nd line VISARS ●nd later motion with

radiographs.

3, SHOCK IN THE FOAM CORE

A number of quations of stale (EOS) have boon

used to model the foam in the com of the FST, None

predicts ●ll ::~ds of the ob~emd behavior of the

0,5.g/cm~ density polystyrene, However, two EOSS,

●n Meal gas wlfh Y ● 5/3 ●nd a 19ESAME4

polystyrene EOS (?502) bra@et tho behavior

sufflolentty well for moot doalgn oaloulatlunw

Tho calculated position of the shock In the foam

rolatlve to the HE dwonalion wave varies with the

foam EOS; ff 10●boui 3 mm ahead of the detonation

front uolng the SESAME EOS but nearly aligned with

the detonation fronl using the ided gas, The
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FIGURE 1
Sketches of two FST arrangements used for tests.

observed (radiographs and flasher aseemblles)

poeltlon Is btilween that predicted by hydrocode

cakulatiom udng these two ‘0Ss, but closor to that

calculated using the ideal ga$.

The shape of the shock In Iho foam core near the

end of the FST has been observed with radiographs

●nd with ● flasher assembly The shock, running

●xially In the core ●t ●bout the HE detonation

voloclly, Is flat ●rwl fills the ●rea of the foam core’

This bahavlor waa also observed In tests In which

azlmuthd asymmoldes In the HE detonation front

war. man, Theoe obaonmtlorw ●re In ~ood

●greemtr,l with hydrocode remhts, which Indicate

that ● flat shock Is stable In the care In spite of some

asymmolrles In tho drlvlpg condlllorm,

In one test, 1Qt ●lectrical plnu ●t 6 standoff

dlstancoc (0.5 to 20 mm) from the face ofs 3,%mm

thick tltanlum plate on the ●nd of the FST (Fig, la)
were used to meacura time of ●rrival (TOA) of the

pble, The plrm were spaced radldy arrd aslmufhalty

●round the plate. Flguro 2 sho’wa●cmnparhon of

tfwobsewed and oakulatod (SESAME foam EOS)

TOA data, The lnttlsi motion of the plme IDfiat.

Ffowevor, the driving oondltlorw ovw the HE we less

thm’i ovor the foam, Ieadlng 10relict waves fhat bow

tho pt4 ●l Iat@rfime The catculmed TOA data ●re

in good igroomenl with Iho oboewatkms.

“-6
47 4?irneOi’lrrival ~&) 5’ 52

FIGURE 2
ObceNed (open points) and calculated (solld poln!s)
time-of.arrival data for a 3.5-mm thick titanium plate
at various standoff distances ftom the end of the FST
The testing arrangement of Fig, 1a was used.

The observed TOA of the HE detonation wave

near the H19foam Interfaco (Fig. 2) chows

cmmkterably more scatter than farther out radially.

This problem has been traced to precumor ahocke In
the gap between the HE ●nd f~m. A modlfkd

●osembly procedure In which ● stainless steel tuba

with 0,6-mrn wall waa bcated ●t the interface allowed

an Intederence flt between the foam ●nd tuba, and ●

glue.joint between the tube and HE; thlc appears to

●llminale the pracuraor shocks,

4, GAS FLOW 00WN A BARREL

Fbw of the shocked foam down the 2,64.cm

d’ameler barrel haa been diagnosed by rnonltorlng

the ●arly motion of ● plate In the banel (aen Fig. 1b).

A Uno4maglng VISAR, whloh rnords veboity ●cross

●diameter of the plate, haa been paflbularly useful

for thla anaiydo, Flgurti 3 ohows ●plot of early plalo

velocdty (Inltlal moflon wao at 60.2 Va) LOa Motion of

raUal Iocaflon at four thnen, The VISAR data chow

that the edge. of the plate are moving faster Inltlally

(first two fimos) bul fhe calculgtlona show the center

b moving faster. At SO,fIPCthe obsemd and

oakulatad velocitlea ●re In good agreement, but ●t

51,2 MSthey differ ●gain,



.

9

.- 1 . . . . . ... ., ., .,, . . . . . . . . . . . . .

Thin Llna . Obw’wed; Thkk LIMI u tilculml,d
11

_ 0.25

E 0,2

I

015

q 0.1
a l::~i~:iz;:i
~.;,,-:.::.~............‘.............. ~ ..:.. ...........j................

‘“””-”’.”””:::”-::~”::::-+-::=’7-—f..’-_-”
0.05 ...,,r~“”!””””’”””””;~5;!

o 1~ ‘
-15,0 .10.0 -5.0 0.0 50 10.0 15.0 ~

Radiua (mm)

shows en interface plot of the barrel and plate region

of an FST about 5 w after start of plate mution;

velocliy vectors showing dlractlon and magnitude of

material velocity are superimposed on the upper half

of the interface plot, The high velocities and

pressures developad during gas expansion and

plate acmleration kiad 10significant barrel

deformation. The deformed regions ~f the barrel

perturb the expandlrrg gas flow. This InteractIon

presents a dlftlcult catculatlonal problem that Is st;ll

being addressed.

FIGURE 3
Obsewed and calculawd axial veloctty along a
diameter of the plate at four times. Initial plate motion

\ 5. PIATE ACCELERATION

was at 50,2 PS. The prevlouu tests were designed to diagnose

, FST bahavior, not to flys plate, In one test, ●

Both VISAR data and calwlations show various
2S4-cm diameter by 2-mm thick stalnlees steel plate

flow pertwbatlons occurrtng as ●cceleration
In s barrel (see Fig. 1b) was accelerated to

proceeds, Observation and calculation agree
0.78 cm/pa, ●llowed to fly for 55 cm, and Impact a

qualitatively but show quamitatlve dlaagroemont on
wftnees plate. Radlogmphs of the piate near the oxlt

the sue snd timing of the perturbations. Figure 4
1of the FST barrel along wilh tho shape ot the crater in
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FIGURE 4
Interface plol of tho barrel and pleto re ion of tho FST (from ● Fig, lb test) shout 5 ps aftm clart of motion of tho

!plate, Tho voloclty vectors reprocont t ● direction and magnitude of material vdoclty In evo~ third co~nputa.
tlonal colt Tho maximum vebclty Indicsfed Is 0,82 cnVWs,



the witness plate show that the plate left the barrel

and flew without tumbling. A radiograph of the plate

abcut 5 MSatter it left the barrel shows that the plate

Is relatively flat, with some bowing forward In the

center. The calculated plate shape Is qualitatively

similar. Figule 5 shows obsewed average velocities
—.._ ———

compared with alc-ulated veiocttles, Results from

the two foam EOSS bracket the obeerved resuhs.
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FIGURE 5
Observed and calculated velocltiea of ● 2.54.cm
diameter by 2-mm thick stainless steel plate dudn(J
●cceleration to 0,76 crw~s. The testing ●rrangement
of Fig. 1b waa utsed

6. DISCUSSION

Calculations that model FST tests show good

agreement with some aspects of FST behavior but

onty qualitative agreement with other aspects. Thti

ache interaction of testing and modding has been

very beneficial in developing en understanding of the

physics underlying FST behavior,
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