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DETONATION OF CONDENSED EXPLOSIVES
WITH LOW-DENSITY CHARGES

Zhurnal ikladnoy Mekhaniki 1 L. N. Stesik
TeEhn;chelEoz F;z;ﬁ; (Journal N. S. Shvedova
of Applied Mechanics and Tech-

nical Physics), Moscow, 1964,

No &, pp 124-126

The detarmination of the relationship between the
detonation velocity and the initial density of the charge,
D(po). is of practical and theoretical importance. In several

papers |1l-&), the experimental function D(po) is used to

determine the equation for the state of gases at high pres-
sures. In particular, when the equation for the state is
applied in a covolumetric form pLV - (V)] = nRT, the value
of the covolume o (V) can be determined with the aid of the
function D(P0)°

Of delinite importance 1s to measure the velocity of
detonation of condensed explosives with a charge having a low
density, where the produets of the explosion are not governed
by the equation of the state of ideal gases, but the elastic
component of the pressure is small compared to the total pres-
sure. To this zone correspond pressures resulting from a
detonation of explosives whose density is less than 0.8
grams/cm3, In the majority of cases, however, the lower
value of the density at which the detonation velocity of
explosives is determined amounts to 0,5-0.6 grams/omJ. It
is a fact that 1t i1s difficult to determine the detonation
velocity of the majority of explosives at lower densities.

In our work, the relationship between the detonation
velocity and the density of explosives was investigated by



using nitrocellulose (13.3% N2) which can provide charges of

low density. Because the detonation velocity of nitrocellulose
was not measured before, our tests included a wide range of
densities of the charge.
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Key to Table 1: (1) g/cn3z (2) m/sec.

The charges had 20-30 m in diameter. The shells of the
charges were made of cellophane. The detonation velocity was
measured by the optical method with the aid of photorecorder.
Each value of the density of a charge received three to four
measurenents. The average error of the measurements was less
than 1-2’ .

The results of the tests are shown in Table 1 and,
graphically, in the figure (curve 3).



The least density of a charge amounted to 0.13 g/en3.
This is tairly close to the densities at which the exploded
products are governed by the equation for the state of ideal
gases, It was important to find out whether the results of
the tests will be in agreement with the calculated detonation
velocity when the equation for the state of ideal gases can be
applied to the products of the detonation. For this, the
detonation velocity of the nitrogellulose was calculated for
densities of 0.005 and 0.01 g/cm’. The calculated results are
shomm in Table 2 and are plotted in the figure. As shown by
the figure, the extrapolation of the experimentally determined
function 18 in good agreement with the calculated results.

Table 2

Results of Calculation of Detonation Velocity
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Key to Table 2: (1) explosive; (2) g/em3; (3) m/sec; (&) atm;
(5) nitrocellulose; (6) trotyl; (7) tetryl; (8) piecric acid;
(9) hexogen; (10) "T.E.N."

The detonation velosities were calculated with the aid
of a computer by assuming that a thermodynamic balance 1is
fully established in the detonation wave. The composition of
the exploded products corresponding to the balance is shown in
Table 3. The calculation used a heat capacity of 605.4 Koal/kg
for that of the nitrocellulose (13.3% N2). Similar calculations

were made for several other explosives. In all cases, the den-
sity of the substance was taken as equal to 0,01 g/c15 The
results of the calculations are shown in Table 2. Table 2

shows the detonation velocity D, the flow velocity of the
products u, the pressure p, and the temperature T at the front
of the detonation wave., The figure also shows how the cal-
culated results agree with the extrapolated experimentally
obtained functions. The experimental data were taken from

L5, 6] The figure shows a good agrezment for trotyl (eurve 6)
and picric acid (curve 5). For the explosives "T.E.N." (curve 4)



and hexogen, the caloculated results are much lower than the
extrapolated values. The largest deviation is observed for
hexogen. This difference between the results forced us to
check the experimental data for hexogen with charge-density

of 1.0 g/om3 and less. The hexogen used in our tests con-
sisted of a mixture of two fractions (50/50): finely dispersed
powder with particle sizes of 1-10 miorons and the fraction of
Plant-produced hexogen with particles measuring less than 150
microns. The shell of the charges was made of cellophane.

The density of the charges varied from 0,53-1.00 5/0.3. The
detonation path was recorded with the aid of a high-speed
photorecorder. The least density was used to determine the
relationship between the detonation velocity and the diameter
of the charge (see Table 4), which was used for determining
the 1deal detonation veloscity [7].

Table 3
Composition of Products of Detonation (moles/kg)
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Key to Table 3: (1) explosive; (2) nitrocellulose; (3) trotyl;
(4) tetryl; (5) pieric acid; (6) hexogen; (7) "T.E.N."

The determination of the ideal velocity resulted in a
value equal to 4060 m/sec, which differs by only 1.5% of the
detonation velocity of a charge having 30 mm in diameter,
except in tests with densities of 0.9 and 1.0 g/cm3 whose
charges had a diameter of 20 mm. The results of the tests are
shown in Table 3 and in the figure (curve 1), which shows that
for densities below 0.8 g/cm3 there is difference between our
data and the data of [(S). Our data are somewhat lower. It is
apparently due to the earlier employed shells which were made
of glass tubes. At detonation velocities of less than 5000
m/sec, the shock wave in glass overtakes the detonation front
whioh may produsce higher results in measuring detonation
velocities. For the new data, the extrapolation of the curve
D(pg) to zero density for hexogen yields a result which agrees

well with the calculation.



Table 4
Detonation Velocity of Hexogen

(i |2huen | cropeen(3)
Py 2/¢ 3apAja, MM a i '
0.53 10 3620
0.53 | 20 3900
0.53 30 4000
0.61 30 4390
0.70 30 4780
0.80 30 5240
0.90 20 5750
1.00 20 | 6040

Key to Table 4: (1) g/cn3: (2) Diameter of charge, mm;
(3) Detonation velocity, m/sec.

1,

2,

Subtmitted 6 Jan 1964
BIBLIOGRAPHY
Kuznetasov, N. M. "An Equation of State of Products of Dsto-

nation of Hexogen," Zhurnal Fizicheskoy Khimii (Journal
of Physiocal Chemistry), 1961, Vol 35, No 7.

Cook, M. A. "An Equation of State for Gases at Extremely
High Pressures and Temperatures from the Hylrodynamic
Theory of Detonation,® J, Chem. Phys., 1947, Vol 15,

No 7, p 518.

Cook, M. A. "Fugacity Determinations of the Products of
Detonation," J, Chem, Phys., 1948, Vol 16, No 11, p 1081.

Murgai, M. P. "Equation of State from the Theory of Detona-
tion," J. Chem. Phys., 1956, Vol 24, No 3, p 635.

Schmidt, A. "Uber die Detonation von Sprengstoffen und die
Beziehung zwischen Dichte und Detocnationsgeschwindigkeit,"®
%, gol, Schiess~ und Sprgne., 1935, He 30, S. 964;

936, H. 31, S. 38, 80, 114, 1k9,

Stesik, L. N. and Akimova, L. N, "Relationship Between
Detonation Velocity and Initial Density of Charge,"
Sboigik Fizike Vzryva (Symposium on Physiecs of Exploesion)'
1956, No 5, published by the Academy of Sciences USSR.

Priederich, W. "Uber die Detonation der Sprengstoffe,®
Z. ges. Schiess- und Spreng., 1933, H. 28, 8. 2, 51, 80,
113.

Stesik, L. N. and Akimova, L. N. "An Indirect Method of
Estimating the Reaction Zone Width in a Detonstion Wave,"
Zhurnal Fizicheskoy Khimii, 1959, Vol 33, No 8, p 1762.




UNCLASSIFIED AD 6 8 8 3 2 3

Security Classification

DOCUMENT CONTROL DATA-R&D

{Security classilication of title, sody of abatract and indexing annotation must be entered when the overall report is classilied)

1. ORIGINATING ACTIVITY (Corporate author) 28. REPORT SECURITY CLASSIFICATION

Unclassified

Picatinny Arsenal, Dover, New Jersey 07801 [ crous

3 REPORT TITLE

DETONATION OF CONDENSED EXPLOSIVES WITH LOW-DENSITY CHARGES

4. Dtscnlﬂnv.t N.O'r?s(?yp-oluporfandlnclu-lndaln) TranSlation from Zhurnal Prikladnoy
Mekhaniki i Tekhnicheskoy Fiziki 4: 124-126 (1964)

S. AUTHORI(S) (Firet neme, middle initial, last name)
L. N. Stesik
N. 8. Shvedova

6. REPOAT DATE 78. TOTAL NO. OF PAGKS 7b. NO. OF REFS
May 1969 9 7
88. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBE R(S)
5. PROJECT NO. Technical Translation 155
€. 90. OTHER REPORT NO(S) (Any other numbere that may be sssigned
this report)
d.

10. DISTRIBUTION STATEMENT

This document has been approved for public release and sale; its
distribution is unlimited.

1t. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY

13. ABSTRACT

Of definite importance ie to measure the velocity of detonation of
condensed explosives with a charge having a low density, where the
products of the explosion are not governed by the equation of the state
of ideal gases, but the elastic component of the pressure is small com-
pared to the total pressure. To this zone correspond pressures result-
ing from a detonation of explosives whose density is less than 0.8
grams/cm’. In the majority of cases, however, the lower value of the
density at which the detonation velocity of explosives is determined
amounts to 0.5-0.6 grams/cm®. It is a fact that it is difficult to de-
termine the detonation velocity of the majority of explosives at lower
densities.

In our work, the relationship between the detonation velocity and
the density of explosives was investigated by using nitrocellulose
(13.3% N,) which can provide charges of low density. Because the det-
onation velocity of nitrocellulose was not measured before, our tests

"included a wide range of densities of the charge.

.
PORM REPLACES DD FORM 1473, 1 JAN 04, WHICH ID
" OV o8 OBSOLETE PFOR ARMY USE.

UNCLASSIFIED
8ecurity Claseification




&cwity giuui’lullm

4.
KEY wWOROS

LINK A LINK B

LINK C

RoLE

wy AOLE LAJ

rROLE

Initial density of charge
Detonation velocity
Equation of state
Gases at high pressure
Low-density explosives
Nitrocellulose

Ideal gases

Trotyl

Tetryl

Picric acid

Hexogen

b U O PR

Exploded products

Calculated data vs experimental results

UNCLASSIFIED

Security Classification




