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The dynamic compressibility of polystyrene [C;Hy; — CH — CH,], with initial densities of 1.0, 0.7, 0.5, and
0.3 g/em® has been investigated at pressures of 200—400 kbars. The D—p, {(wave velocity-initial density) rela-
tions are presented for specimens of normal and reduced density tested under identical conditions. Wave
velocity-particle velocity relations are given for polystyrene of normal and reduced density together with
the shock Hugoniots. The simplest equation of state satisfactorily describing the entire set of experimental
data is selected.

The shock compressibility of polystyrene of variable initial density was studied by the "reflection method" de-
scribed indetail in [1-3]. The pressures realized in the test specimens were obtained by means of the measuring de-
vices described in [4, 5]. The propagation velocity of the shock waves in the specimens was registered by the electrical
contact method. Copper and aluminum disks were used to screen the specimens. The shock Hugoniots of the screens
were taken from [5] in the form

D = 5.25 4+ 1.39z (0 < u < 5) aluminum
D =395+ 1.50u (0 <w<C4) copper @)

where D is the shock wave velocity [km/sec] and u is the particle velocity [km/sec].

The material of the screens and the corresponding particle velocities for the measuring devices employed are
presented in the left-hand columns of Table 1.

Table 1

No. of Screen u

measuring material [km/sec] A B

device
1 Al 0.69 1.276 2.123
2 Al 1.51 2.998 2.54
3 Cu 1.76 3.70 2.669
4 Al 2.176 6.05 1.22
5 Al 2.82 6.63 0.776
6 Al 3.70 8.23 1.181

The experiments were organized in two variants. In one series of experiments the test specimens were prepared
in the form of disks 40 mm in diameter and 4 mm thick. In another series the specimens took the form of tablets 12
mm in diameter and 4 mm thick. In the first case all the contacts were located in a single specimen, and in the second
case three tablets were measured at the same time.

Both series of experiments are illustrated in Fig. 1, where S denotes the shock wave, 1 the specimen, 2 the
screen, and 3 the electrical contacts.
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As a direct result of the experiments we obtained the recorded wave velocities in the test specimens.

The experimental data on the dynamic compresgibility of polystyrene of variable density are presented in Fig. 2.
Along the ordinate axis we have plotted the wave velocities D, and along the axis of abscissas the starting densities of
the specimens p;; points 1 relate to the first series of experiments, points 2 to the second series. The bars indicate
the maximum spread of the wave velocities obtained for specimens tested in the second series.
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As the figure shows, in all cases as the density of the specimens increases, so do the wave velocities. This
tendency is strongly expressed for "weak" systems and less noticeable for explosive devices creating strong shocks.
In general, the experimental results for the individual charges lie close to straight lines. Analytically, the D—p rela-
tions were approximated by linear equations of the type D = A + Bp, whose coefficients were found by the method of
least squares. Numerical values of the coefficients are presented in the right-hand side of Table 1.

The data presented in the D-pg diagram and in Table 1 determine the values of the wave velocities for a broad
range of pressures and initial densities. The authors selected four density values for further analysis:
0.3, 0.5, 0.7, and 1.05 g/em®. The values of the particle velocities were found by a graphic construction from the
pressure-velocity diagrams, while the pressures and densities were obtained from the conservation laws

P = pDu (2)
p = pD/D—u (3)
In Fig. 3 the shock Hugoniots. of polystyrene with densities 0.3, 0.5, 0.7 and 1.05 g/cm® are presented in D—u

coordinates.

The same figure includes the results of American investigators for polystyrene with p; = 1.05 g/em® (points 1
from [6], points 2 from [7], and points 3 from [8]).
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Clearly, the data of [6,7] lie above the straight line obtained by the authors. The phase transformation reported
by Hauver [7] in polystyrene is confirmed by our experiments. The D—u relations in Fig. 3 are described by equations
of the type

D =cy+ lu (4)

with coefficients ¢, and A found by the method of least squares with allowance for the statistical weights. The latter
were assumed proportional to the number of measurements made on specimens of a given type. Values of the coef-
ficients ¢y and A are presented in Table 2.

Table 2
Density Interval with
{g/ems] | o lkmfsed ‘ * respect to u
0.3 0.15 1.29 1.2 Cu<6.5
0.5 0.70 1.31 1.2<Cu<6.2
0.7 1.19 1.35 1.2<u b7
1.05 2.51 1.36 0 w3

The shock Hugoniots characterizing the compressibility of foam polystyrene of variable density have been plotted
in P—g {0 = p/1.05) coordinates in Fig. 4 using Egs. (2)—(4). The curves corresponding to the highly porous specimens,
which accumulate large amounts of thermal energy during shock compression, are the steepest.

For these specimens the resistance to shock compressions at high pressures is determined almost entirely by
the thermal pressure of the partially dissociating molecules of foam polystyrene.
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For the upper points on the left-hand curve p, = 0.3 g/cmS, the ratio of the thermal pressure to the thermal energy
density

The value y = 0.6 gives the best description of the experimental data.

This important thermodynamic parameter was used in selecting the simplest equation of state relating the pres-
sure P and the internal energy E:

dE c
P Py=(E—E)Tp, Px=——gr =" (" —1) (5)
In this equation Py gives the resistance to compression at absolute zero (p, = 1.05 glem®, n = 4.4, ¢y = 2.3 km/sec).

The selected form of the equation of state leads to the following equations for the dynamic adiabat:

Pg:Tzoc—%c_)Hh wib "t

ro—(h+ 1)] (6)

and the isentropes
s \(h+1)/ (h-1)
f=rt (2)

» 175 (5 — P, 1 (7)
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In Egs. (6) and (T} h =1 + 2/y =4.35,and k = 1.05/p, is the "porosity" coefficient.

The curves calculated from Eq. (6) are indicated by dashed lines in Fig. 4. They satisfactorily describe the
behavior of porous and solid polystyrene up to the region of phase transformation. The isentropes can be found via
Eq. (7). As for the isotherms, their position cannot be established at all accurately, since the specific heat of foam
polystyrene and the digsociation energy of its molecules are known with a low degree of accuracy.
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