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Calculation of Egquiliblium Composition of Detonation Products

at Chapman-Jouguet Plane

by Tsutomu Hikita and Ken Kubo

The thermodynamic procedure for a
calculation of equilibrium composition of
detonation products at Chapman-Jouguet
plane is presented. Here the Kihara and
Hikita's equation of state for hot, dense
gases and an assumed equation of state
for solid phase are employved. The effect
of free energy term due to solid carbon
upon the equilibrium calculation of

2C0=C0,+C
at high pressures is also taken into con-
sideration,

Sample computations for TNT of den-
sities of 1.0 and 1.6 and for mixtures of
liguid methane-oxygen system are carried
out with the restits shown in tables 1 and
2. In figures 34,5 and 6, the detonation
temperatures, pressures, velocities as well
liquid
methane-oxygen mixtures are shown in
comparison with the curves of T*, P* and
D* which are calculated on the assump-

as equilibrium compositions of

tion of fixed reaction products, The calcu-
lated velocities of liquid methane-oxygen
detonation agree with the observed ones
obtained by Grosse and Kirschenbaum
only for near stoichiometric mixtures
where the reaction rate may be consider-
ed to be fast enough.

35

One can see in figure 7 the differences
existing among the values of detonation
velocities, pressures and temperatures of
TNT of densities of 1.0 and 1.6 or 15,
calculated by different authors and by
different methods. Values of temperature
are most widely scattered according to
equation of state adopted. In our calcu-
lation the assumption of chemical equi-
librium at (-J plane gives a higher
temperature than does the assumption
of a fixed composition of products throug-
hout whole range of densities,

It still holds, however, in our repulsive
model of equation of state that a higher
density TNT vyields a somewhat lower
temperature ; thereby it should be notic-
ed that (-J tenmer(:iturés thus calculated
may rise owing to the liberation of re-
pulsive energy during the initial period
of expansion.

Although it remains uncertain whether
the real equilibrium exists at ¢-J plane,
one had better adopt the assumption of
chemical equilbrium for the explosives
with marked oxygen deficiency like TNT,

Laboratory of Explosives, Faculty of
Engineering, University of
Tokyo, Bunkyo-ku, Tokyvo





