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A Conventional Method of Calculating Detonation Characteristics

By Tsutomu Hikita* and Taro Kihara™*

In a gas at high temperature the ét-
tractive energy between molecules is ne-
gligible and the intermolecular potential
may be approximated by the simple model
Uis=Ar"". Here r is the intermolecular
distance, A and »n are molecular consta-
nts, n being dimensionless.

By use of the model the equation of
state of pure gas is given in so simple
a form that it can easily be applied to
the hydrothermodynamical theory of de-
tonation (T. Kihara and T. Hikita ; Equ-
ation of State for Hot, Dense Gases and
Molecular Theory of Detonation, Fourth
Symposium on Combustion p. 458 (1953)).

In this application, however, we have
to approximate the gas mixture in a de-

35

tonation wave by a pure gas with effec-
tive values of A and =

For the calculation of the detonation
characteristics, therefore, we have to
know the effective values of A and ».

For the purpose of finding the effective
values of A and » we make the following
assumptions.

1) The index » be common to all mo-
lecular species (Law of corresponding
state).

2) The mean value of A for a gas
mixture be given by

AMM=3p2Mm-z; Sim=1
where A; is for i-th species and z; is its
molar fraction. This assumption is justi-
fied when the molecules in the mixture
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do not greatly differ in size from each
other.

3) The constant A for species i be pre-
portional to the value of A obtained from
the second virial coefficient at moderate
temperatures by means of the intermole-
cular potential Ugny=A,""—u, "

(For water vapor for which the virial
coefficient data are not available, we de-
termine A by

[ACH:O) P+ [A(COYPm=[A(CO:) /™

+[ACHOT/™
which indicates an invariance of the sum
of molecular volume in both sidés of the
watergas equilibrium.)

Under these assumptions we can find
the index » and the pgoportional constant
in the third assumption by making use
of detonation velocities of a standard ex-
plosive. As the standard, we use PETN
whose product is 2N.+4H.0+3C0.+2C0O
(water-gas equilibrium plays no role) and
obtain #=9 and A shown in the following

Table. A% in A(eV)1#

He 0. NiCO H.O CO: CH4

Al® from "
2nd Virial| 90

A# for a

detonation! 1.24 239 250 2.24 2.8 2.69
gas

table.

Thus we can make a straightforward
calculation of detonation characteristics
for explosives yielding only gaseous pro-
ducts, by use of Fig. 1 and 2. Calculated
velocities of detonation are in good agre-
ement with those observed. For explosi-
ves with low detonation temperatures,
however, the calculated values are much
larger than the observed values. Ammo-
nium nitrate is an example for the case.
The discrepancy may be due to the ins-

2,60 2.72 — 3.03 293

ufficient rate of chemical reaction.

For explosives whose products contain
a solid phase, the equation of state of
the solid is necessary. We approximate
the volume per atom in the solid by

Vi=v*(1+4gp)~1#
Here p is the pressure, v* the volume per
atom at low pressures, ¢ the compressi-
bility at low pressures. In the case of
carbon we use x=3x10"* bar~!, which is
for graphite at moderate pressures.

For a carbon-producing explosive, the
equilibrium 2CO0=C0.+C plays an impo-
rtant role as the decomposition equation
varies with the initial density of the ex-
plosive.

Computation for TNT and tetryl have
been carried out for a number of decom-
position eguations, and from the compa-
rison between calculated and observed
velosities the following results have been

init detonation
2‘1’105“ decomposition ;22“ mm
sity lature re
d 3Na+5HO+ECO+ glec| bar
TNT | COs+8C 1.0, 3100 | 62,500
Nt SHOHCO+3 | 1 ol 3000 | 172000
| COa+10C %) ok

[5Nat+5Ha+11CO+ |

. ae
Tetryl |5\, % 5H,0+7C0+
2C04+5C

obtained. (cf. Fig. 5)

Treatments for explosives containing
an inert or less-reactive solid have also
been considered.

The results of sample computations for
PETN-NaCl (Fig. 6), PETN-NH,NO; (Fig.
7), TNT-NH,NO; (Fig. 8), Hg (ONC)., Hg
(ONC).+KClO,, (Fig. 9) and PbN; (Fig.
10) have been given.

1.00 8220 | 74,000

1.5 3140 ‘ 179,000

(*Faculty of Engineering, University of
Tokyo, ** Faculty of Science, Universily
of Tokyo, Bnnkyuagu. Tokyo)



