SHOCK WAVE COMPRESSION OF LIQUIDS 6029

Tasre IV. Shock wave data for liquid nitrogen® at 75°K.

Shock vel. Particle vel. Pressure Relative vol. Dural shock vel.
(km/sec) (km/sec) (kbar) (V/Vo) (km/sec)
2.5840.02 0.90+0.09 1942 0.653+0.037 6.0740.07
2.9740.02 1.11+0.05 2741 0.6284-0.016 6.24+0.04
3.53+0.01 1.514+0.04 4441 0.57040.010 6.5840.03
4.1930.02 1.97+0.03 6841 0.53140.008 6.9740.03
5.0940.02 2.5440.02 1061 0.50140.004 7.4840.02
5.5040.02 2.7840.02 12641 0.4944+0.005 7.7140.02
5.9340.03 2.9940.12 14646 0.4954-0.020 7.914+0.09
6.6640.03 3.62+0.07 19844 0.45740.010 8.484-0.05
6.9840.08 3.7240.09 21345 0.468+0.014 8.5840.07
6.854-0.04 3.89+0.05 21943 0.4324-0.008 8.71+0.04
7.34+£0.04 4.0540.07 24445 0.448+0.011 8.8940.06
7.5240.05 4.33+0.07 267+4 0.4254-0.010 9.13+0.06
7.5240.04 4.36+0.15 26949 0.4194-0.020 9.16+0.12
7.59-40.03 4.3940.12 27348 0.4224+0.016 9.1940.10
7.43+0.03 4.45+0.08 27145 0.40140.011 9.2240.06
7.73+0.03 4.57+0.10 28946 0.4094-0.013 9.3540.08
8.17+0.06 4.61+0.09 30946 0.43540.012 9.4340.07
7.9240.05 4.6640.11 3037 0.412+0.014 9.4440.09
8.364-0.06 4.75+40.08 32546 0.4334-0.010 9.56+0.06
8.5140.08 4.924-0.05 34344 0.4224-0.008 9.71+0.04
8.484-0.03 5.0840.11 35448 0.4004-0.013 9.854+0.09
8.804-0.04 5.2040.09 3767 0.40940.010 9.98+£0.07
8.92+0.06 5.3540.12 391+9 0.40040.014 10.114+0.10

® Density is 0.820 g/cc.

the data and is
U,=1.1720.174 (1.7240.06) U,— (0.062-0.01) U 2.

(13)

There is fair agreement with the data of Walsh and
Rice,® and Cook and Rogers.® For shock velocities
between 3.50 and 4.75 km/sec Mitchell and Keeler®
obtained a linear relationship which has a larger
intercept and smaller slope than expressed by Eq. (11).
The reason for this discrepancy is not known. The
values of U, for U,=0, as determined from Eqs. (11)
and (13) are significantly larger than the measured
sound speed. Bridgman® found that the liquid freezes at
a pressure of approximately 1 kbar at 25°C, which may
account for the lack of agreement.

Figure 9 is a P—V/V, plot showing two concave
upward curves corresponding to the two straight lines
of Fig. 8. A slight cusp appears at about 164 kbar.
A single curve through the data is equally descriptive,
considering the quality of the data.

For shocked carbon tetrachloride, Walsh and Rice®
observed a slight change in transparency to visible
light at about 70 kbar and complete opacity between
130 and 170 kbar. Previous dynamic pressure studies?-2
on carbon tetrachloride have found a large increase
in electrical conductivity at pressures above 120 kbar.
A thorough investigation by Mitchell and Keeler®
revealed measurable conductivity at 69 kbar and very

high conductivity at 164 kbar. Hence, there seems to
be a relation® between the onset of opacity and mea-
surable electrical conductivity at about 70 kbar. In
addition the opaqueness and the very high electrical
conductivity observed in the 160-170-kbar range may
also be related to the change in slope in the U,—U,
plot at 164 kbar.

The observed behavior of carbon tetrachloride under
shock conditions may be the result of the liquid
polymerizing in the 70-170-kbar pressure range. The
molecular rearrangement occurring in the polymeriza-
tion process could free ions in sufficient quantity at
70 kbar to produce detectable changes in opacity and
electrical conductivity. The change in slope of the
U,— U, curve at 164 kbar may signal the end of this
process, with the upper line corresponding to the new
polymer. Based on some calculations® Mader of this
laboratory has suggested that a different chemical
species is formed according to the reaction 2CCly—
CyClg+-2Cly at pressures near 100 kbar while insig-
nificant amounts of the new substance are formed
below 50 kbar.

Another explanation for the change in slope of the
U,—U, plot at 164 kbar is the following: A pressure-
temperature graph of Bridgman’s carbon tetrachloride
freezing data® and that from the Hugoniot informa-
tion indicates that the Hugoniot curve crosses into
a solid ITI phase at about 10 kbar. Then near 160
kbar the Hugoniot recrosses the liquid-solid phase
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F1c. 10. Shock velocity-versus-particle velocity plot for liquid
nitrogen.

line and remains in the liquid state. This particular
explanation, however, does not explain the opacity
and electrical conductivity changes observed at high
pressures.

Temperatures for carbon tetrachloride shocked into
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F1c. 11. Pressure-versus-relative volume plot for liquid nitrogen.
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TaBLE V. Potential parameters used for computing Hugoniots
for liquid nitrogen.

Potential form

(References) ™ (R) T*(°K) n «
LJD (present work) 4.17 97.5 9 oee
L]JD (Ref. 10) 4.19 91.5 12 cae
LJD (Ref. 36) 4.16 95.9 7 see
L]JD (Ref. 37)» 4.13 91.5 12 .
LJD (Ref. 35) L3t5y 050" .12
exp-6 (present work) 4.00 110.0 e 13.6
exp-6 (Ref. 34) 4.05 120.0 .. 13.0

& Gaseous nitrogen data,

the 70-170-kbar range were calculated to be between
1350 and 3500°K using the Mie-Gruneisen equation
of state. Ramsey® of this laboratory has measured a
brightness temperature of 2400°K at 170 kbar. Re-
cently, Voskoboinikov and Bogomolov® have reported
measuring the brightness temperature of the shock
front in carbon tetrachloride over a pressure range of
80-200 kbar. At 170 kbar they measured 2600°K.
A Hugoniot curve computed by Salzman, Collings,
and Pings? from a Lennard-Jones and Devonshire
intermolecular potential is located slightly above the
experimental Hugoniot curve when plotted in the
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F1c. 12. Experimental and calculated Hugoniots for

liquid
nitrogen.




