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States Government. Neither the United States nor the United States Atomic
Energy Commission, nor any of their employees, nor any of their contrac-

tors, subcontractors, or their employees, makes any warranty, express or im-
plied, or aiwmes any legal liability or responsibility for- the accuracy, com-
pleteness W ‘tis@fulnessof any information, apparatus, product or process dis-
closed, or represents that its use would not infringe privately owned rights.
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1 STUDY OF THE COMPRESSION OF DENSE MEDIA

USING RADIOGRAPHY OF A SINGLE SHOCK WAVE

by

J. Dapoigny, J. Kieffer, and B. Vodar

ABSTRACT

A method for studying the compression of dense media, using flash
radiography and the shock wave produced by the lateral expansion of the
detonation gases of an explosive is described. Quantitative results for
polymethyl methacrylate are also given.

The usefulness of flash radiography for study-

ing the compress abilities of dense media by shock

1.3 The method COnSists ‘fwaves is well known.

e~erimentally determining the velocity, U, of the

wave as well as the density of the medium, the

pressure being calculated by Hugoniotls relations.

One disadvantage of the technique described in the

cited publications is that several x-ray pictures

are necessary to establish the compressibility

curve.

v ariou5 author S4s 5 have pointed out the

interest of considering the shock waves generated

by the lateral expansion of the detonation gases of

an explosive for the study of compress abilities as

well as wave-collision phenomena. &ter having

obtained radiographs of such waves, as Schall and

Thorn er4 did, we sought to extract as much quanti-

tative data as possible from them. This report

describes the basic ideas of such quantative re-

search. Finally, we give a few results for poly -

methyl methacrylate.

A stick of explosive (Fig. 1) is initiated at

its left end, and generates a shock wave in the me-

dium. Because of damping, the wave front is

curved (profile ABC), but because the flow behind

the detonation wave is self-similar, the front of

the shock wave is displaced without any deforma-

tion in the same direction, and occupies, at time

t2, position A$B!C’. The radiograph can therefore

be taken at any stage of the phenomenon. Such a

picture immediately yields the velocity of the wave

at the point A of maximum shock strength. Con -

sidering two infinitesimally close instants of time,

tl and ~, the velocity of the wave at A is, indeed,

proportional to the line segment, AP, the detona-

tion speed, D, assumed to be known, being pro-

portional to the line segment AA’. We therefore

have the relation U = D sin a. Because the density

at A may, on the other hand, be determined as

usual, one radiograph alone gives the pressure

and volume in the head of the wave.

But the reasoning that led us to the velocity

of the head A may be applied to any other point, B,

of the wave (triangle BB’Q), All along the profile

ABC the velocity is thus given by the expression

U = D sin a, a being the angle formed at the point

1
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Fig. 1. The experimental configuration.

in question by the tangent to the profile ABC with

the detonation axis (a<r/2). Because the density

is easily measured all along this profile, we see

that only one radiograph gives the entire compress-

ibility curve starting from the maximum pressure

achieved in A.

However , it is often difficult to measure the

density accurately at the wave front A because of

the near-zero displacement of the compressed sub-

stance. It is therefore interesting to observe that

at this point the particle velocity, u, may be exper-

imentally determined. The radiographs (Fig. 2)

show the interface between the compressed sub-

stance and the detonation products. Figure 1 then

shows that the particle velocity is proportional to

the length of the line segment, ASt, and considera-

tion of the triangles ASA’ and ASIA! leads to the

value u = D sin b/cos (a-b). With U and u known,

Hugoniotls relations give the pressure and volume

at A. The particle velocity may, of course, be

calculated in the same way all along the interface,

but it is important to note that, except at A, we

are dealing with particles that are a certain dis -

tance behind the wave front, and that therefore it

is not possible to obtain the pressure and volume

at a point other than A by this method.

Figure 2 shows the radiograph of a lateral

wave in polym ethyl m ethacrylate, and Fig. 3 gives

the compressibility curve. We see that the results

obtained from two different negatives agree well,

as do the maximum points calculated from the

measurements of the velocities U and u.

,

.

.

,

Fig. 2. Radiograph of a laterally produced shock wave.
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