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The  d y n a m i c  c o m p r e s s i b i l i t y  of p o l y s t y r e n e  [C6H 5 - CH - CHz] n wi th  i n i t i a l  d e n s i t i e s  of 1.0,  0.7,  0.5,  and 
0.3 g / c m  3 h a s  b e e n  i n v e s t i g a t e d  a t  p r e s s u r e s  of 2 0 0 - 4 0 0  k b a r s . T h e  D-p0 (wave v e l o c i t y - i n i t i a l  d e n s i t y )  r e l a -  
t i ons  a r e  p r e s e n t e d  f o r  s p e c i m e n s  of n o r m a l  and  r e d u c e d  d e n s i t y  t e s t e d  u n d e r  i d e n t i c a l  c o n d i t i o n s .  Wave  
v e l o c i t y - p a r t i c l e  v e l o c i t y  r e l a t i o n s  a r e  g i v e n  fo r  p o l y s t y r e n e  of n o r m a l  and r e d u c e d  d e n s i t y  t o g e t h e r  wi th  
the  s h o c k  Hugonio t s .  The  s i m p l e s t  e q u a t i o n  of s t a t e  s a t i s f a c t o r i l y  d e s c r i b i n g  the  e n t i r e  s e t  of e x p e r i m e n t a l  
d a t a  i s  s e l e c t e d .  

The  s h o c k  c o m p r e s s i b i l i t y  of p o l y s t y r e n e  of v a r i a b l e  i n i t i a l  d e n s i t y  was  s t ud i ed  by  the  " r e f l e c t i o n  m e t h o d "  d e -  
s c r i b e d  in d e t a i l  in  [ 1 - 3 ] .  The  p r e s s u r e s  r e a l i z e d  in the  t e s t  s p e c i m e n s  w e r e  o b t a i n e d  by  m e a n s  of the  m e a s u r i n g  d e -  
v i c e s  d e s c r i b e d  in [4, 5]. The  p r o p a g a t i o n  v e l o c i t y  of the  s h o c k  w a v e s  in the  s p e c i m e n s  was  r e g i s t e r e d  by the  e l e c t r i c a l  
c o n t a c t  me thod .  C o p p e r  and a l u m i n u m  d i s k s  w e r e  u s e d  to s c r e e n  the  s p e c i m e n s .  The  s h o c k  Hugon io t s  of the  s c r e e n s  
w e r e  t a k e n  f r o m  [5] in the  f o r m  

D ~ 5.25 Jr 1.39u (0 < u < 5) aluminum 
D : 3.95 -~- 1.5Ou (0 < u < 4) copper (1) 

w h e r e  D is  the  s h o c k  wave  v e l o c i t y  [ k m / s e c ]  and  u i s  the  p a r t i c l e  v e l o c i t y  [ k m / s e c ] .  

The  m a t e r i a l  of the  s c r e e n s  and the  c o r r e s p o n d i n g  p a r t i c l e  v e l o c i t i e s  fo r  the  m e a s u r i n g  d e v i c e s  e m p l o y e d  a r e  
p r e s e n t e d  in the  l e f t - h a n d  c o l u m n s  of T a b l e  1. 

T a b l e  1 

No. o f  Screen u 
measuring material [km/sec] A B 
device 

A1 
A1 
Cu 
A1 
A1 
A1 

0.69 
1.5i  
t.76 
2.76 
2.82 
3.70 

1.276 
2.998 
3.70 
6.05 
6.63 
8.23 

2.123 
2.54 
2.669 
1.22 
0.776 
t.181 

The  e x p e r i m e n t s  w e r e  o r g a n i z e d  in two v a r i a n t s .  In one s e r i e s  of e x p e r i m e n t s  the t e s t  s p e c i m e n s  w e r e  p r e p a r e d  
in the  f o r m  of d i s k s  40 m m  in d i a m e t e r  and 4 m m  th ick .  In a n o t h e r  s e r i e s  the  s p e c i m e n s  took  the f o r m  of t a b l e t s  12 
m m  in d i a m e t e r  and  4 m m  th ick .  In the  f i r s t  c a s e  a l l  the  c o n t a c t s  w e r e  l o c a t e d  in a s i n g l e  s p e c i m e n ,  and  in the  s e c o n d  
c a s e  t h r e e  t a b l e t s  w e r e  m e a s u r e d  a t  the  s a m e  t i m e .  

B o t h  s e r i e s  of e x p e r i m e n t s  a r e  i l l u s t r a t e d  in Fig .  1, w h e r e  S d e n o t e s  the  s h o c k  wave ,  1 the  s p e c i m e n ,  2 the 
s c r e e n ,  and  3 the  e l e c t r i c a l  c o n t a c t s .  
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Fig. 1 
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As a di rect  r e su l t  of the exper iments  we obtained the recorded wave velocit ies in the test  specimens.  

The exper imental  data on the dynamic compress ib i l i ty  of polystyrene of var iable  density are presented in Fig. 2. 
Along the ordinate axis we have plotted the wave velocit ies D, and along the axis of absc issas  the s tar t ing  densi t ies  of 
the specimens P0; points 1 re la te  to the f i r s t  se r i es  of exper iments ,  points 2 to the second se r ies .  The bars  indicate 
the maximum spread of the wave velocit ies obtained for specimens  tested in the second ser ies .  
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Fig. 2 

As the figure shows, in all  cases as the density of the specimens  increases ,  so do the wave velocit ies.  This 
tendency is s t rongly expressed for "weak" sys tems and less  noticeable for explosive devices creat ing strong shocks. 
In general ,  the exper imenta l  resu l t s  for the individual charges lie close to s traight  l ines.  Analytically,  the D-P0 r e l a -  
tions were approximated by l inear  equations of the type D = A + Bp0, whose coefficients were found by the method of 
leas t  squares .  Numerical  values of the coefficients are presented in the r ight-hand side of Table 1. 

The data presented in the D-p0 d iagram and in Table 1 de te rmine  the values of the wave velocit ies for a broad 
range of p r e s s u r e s  and init ial  densi t ies .  The authors selected four density values  for further  analys is :  
0.3, 0.5, 0.7, and 1.05 g/em 3. The values of the part ic le  veloci t ies  were found by a graphic construct ion from the 
p res su re -ve loc i ty  d iagrams,  while the p r e s su re s  and densi t ies  were obtained from the conservat ion laws 

= p~D,, (2)  

P = PW/,~--,, (3)  

In Fig. 3 the shock Hugoniots of polystyrene with densi t ies  0.3, 0.5, 0.7 and 1.05 g/cm ~ are presented in D-u  
coordinates.  

The same figure includes the resu l t s  of Amer ican  invest igators  for polystyrene with P0 = 1.05 g/cm 3 (points 1 
f rom [6], points 2 f rom [7], and points 3 f rom [8]). 
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Fig. 3 
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Clear ly ,  the data of [6, 7] l ie above the s t ra ight  line obtained by the authors.  The phase t ransformat ion  repor ted  
by Hauver [7] in polystyrene is conf i rmed by our exper iments .  The D - u  re la t ions  in Fig. 3 are  desc r ibed  by equations 

of the type 

D=ea+)~u (4) 

with coeff icients  c o and X found by the method of leas t  squares  with allowance for the s ta t i s t ica l  weights. The la t ter  
were  assumed propor t ional  to the number of measu remen t s  made on spec imens  of a given type. Values of the coef -  

f ic ients  c o and X are  presented  in Table 2. 

Table 2 

Density Interval with 
[g/cma ] co [kin/see] ~. respect to u 

0.3 
0.5 
0.7 
i .05 

0.t5 
0.70 
1.t9 
2.51 

t .29 
i .31 
1.35 
1.36 

1 ,2<u<6.5  
t . 2 < u < 6 . 2  
1 .2<u<5.7  
0 < ~ < 3  

The shock Hugoniots cha rac t e r i z ing  the compress ib i l i ty  of foam polystyrene of var iab le  densi ty have been plotted 
in P-o- (a = p/1.05) coordinates  in Fig. 4 using Eqs. (2)-(4). The curves  corresponding to the highly porous specimens ,  
which accumulate  large  amounts of the rmal  energy during shock compress ion ,  a re  the s teepest .  

For  these spec imens  the r e s i s t ance  to shock compress ions  at high p r e s s u r e s  is de te rmined  a lmost  en t i re ly  by 
the the rmal  p r e s s u r e  of the par t ia l ly  d issocia t ing  molecu les  of foam polystyrene.  
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Fig. 4 

P 0 = 0 ' ?  

For the upper points on the left-hand curve P0 = 0.3 g / c m  3, the rat io  of the thermal  p r e s s u r e  to the the rmal  energy 

densi ty  

T-- 
PT 2 
PE T ~ Pr ( t  / P0 - -  1 / PI, ) = 0.5~ 

The value y = 0.6 gives  the best  descr ip t ion  of the exper imenta l  data. 

This impor tan t  thermodynamic  p a r a m e t e r  was used in se lec t ing  the s imples t  equation of state re la t ing  the p r e s -  
sure  P and the internal  energy  E: 

dE p0c0 ~ 
P - - P x = ( E - - E x ) T P '  P x = - -  dv ~ T ( ~ n -  t )  ( 5 )  

In this  equation Px gives the r e s i s t a n c e  to c o m p r e s s i o n  at absolute  ze ro  (g0 = 1 . 0 5  g / c m  3, n = 4 . 4 ,  c o --: 2.3 km/sec) .  

The se lec ted  fo rm of the equation of state leads to the following equations for  the dynamic adiabat: 

P~176 [[h n-4-i\ 2n 1) 1 (6) 

and the i sen t ropes  

\ ~g) g (7) 
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In Eqs. (6) and (7) h = 1 + 2/T = 4.35, and k = 1.05/P0 is the "porosity" coefficient. 

The curves calculated f rom Eq. (6) are indicated by dashed l ines in Fig. 4. They sa t is factor i ly  descr ibe  the 
behavior of porous and solid polystyrene up to the region of phase t ransformat ion.  The isentropes  can be found via 
Eq. (7). As for the i so therms,  their  position cannot be establ ished at all accurately,  since the specific heat of foam 
polystyrene and the dissocia t ion energy of its molecules  are  known with a low degree of accuracy.  
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