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Abstract. The results of investigation of the detonation waves structure, the critical diameter,
detonation parameters and the dependence of detonation velocity on the charge diameter for
pressed hydrazine nitrate (HN) charges in the density range of 1.40-1.68 g/cm?® are presented.
It was found that the critical diameter drops with the initial density decrease. Under steady-
state detonation conditions at an initial density of 1.68 g/cm®, a high detonation velocity of
8.92 km/s is observed in HN charges. The change of the detonation velocity with variation of
the initial density is not monotonous, but has a characteristic s-shape.

1. Introduction

Hydrazine nitrate (HN) NoH4HNO3 has been studied in detail and its physicochemical properties
are given, for example, in [1-8]. The use of HN as one of the components of rocket fuels [8-12]
requires the determination of their detonation parameters, critical detonation conditions.
However, the available data on the detonation properties of HN are extremely limited and they
are sometimes ambiguous, what is most clearly manifested in the character of the dependence
of the detonation velocity D on the initial density pg. According to experimental data [13], D
reaches a maximum value of 5.64 km/s at pg = 1.3 g/cm? while detonation velocities exceeding
8.5 km/s at pg = 1.6 g/cm? have been obtained in [8,14]. Furthermore, there are no existing
data on the detonation wave structures and the critical diameter. This work is devoted to an
experimental investigation of these issues.

2. Experimental scheme and results

In the experiments, the velocity of HN—water boundary was recorded by VISAR interferometer.
Figure 1 shows the scheme of the experiments on study of detonation waves structure. Pressed
HN charges with an initial density in the range of 1.4-1.68 g/cm?® were used. Samples were
prepared by pressing an HN powder with an average particle size of about 500 pm, which shape
is close to the cubic one. The charge consists of three samples of HN, the thickness of each of
being equal to the radius. To initiate detonation in HN the plane wave generator and the pressed
charge of the desensitized RDX were used. A laser beam was reflected from aluminum foil with
a thickness of 400 pum, that was placed between the end of the charge and the water window. To
determine the absolute value of the velocity, two interferometers with velocity fringe constants of
280 and 1280 m/s were used simultaneously. Using the ionization gauge, the detonation velocity
was measured in each experiment.
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Figure 1. Scheme of experiments for investigation of the reaction zone structure of steady-state
detonation waves in HN: 1—the plane wave generator; 2—the pressed charge of the desensitized
RDX; 3—aluminum foil; 4—the water window; 5—the ionization gauge.

Table 1. Detonation parameters of HN.

No po (g/em®) D (km/s) wucy (km/s) Pcy (GPa)
1 1.415 559 +0.05 0.63+0.03 50+£0.2

2 1.50 6.12 £ 0.05 0.96 £0.03 88=+0.3

3 1.55 7.67+0.05 1.056+0.03 14.5+0.3

4 1.64 8.80+0.05 145+0.03 21.1+04

5 1.68 8.92+0.05 1.63+£0.03 244+04

6 1.68 8.92+0.05 1.63+0.03 244404

The particle velocity profiles for the HN samples with initial density of 1.4-1.68 g/cm? are
shown in figures 2 and 3. The values of an initial density of the samples, the detonation velocity
D, the particle velocity ucy and the Pcy pressure at the Chapman—Jouguet (CJ) point at the
charge diameter of 40 mm (except number 5, where the charge diameter is 60 mm) are shown in
table 1. The parameters of the CJ point were calculated on the basis of the measured particle
velocity profiles and D. At the same time, the unloading isentrope of the explosion products
was approximated by the polytropic PV™ = const. The designation of the velocity profiles in
figures 2 and 3 and the numbers of the experiments in table 1 are the same.

At an initial density of 1.64 g/cm? and higher, the structure of the velocity profiles has a
shape that is typical of pressed explosives [15]. The velocity behind the shock jump decreases,
and the von Neumann spike is recorded in the reaction zone. A sharp increase in the velocity at
a time of 100 ns is due to the circulation of waves in the aluminum foil. The end of the reaction
zone and the transition to the unloading wave (the CJ point position) on the velocity profiles is
not noticeable, and there are certain difficulties in estimating the character of the reaction time.
To solve this problem, in this case, the approach proposed in previous research [16] is realized,
which is based on a comparison of velocity profiles obtained for charges of different diameters.
If the detonation parameters remain constant, the flow in the reaction zone does not depend
on the diameter, whereas in the unloading wave the flow changes, what makes it possible to
determine the position of the CJ point.

The particle velocity profiles with density of 1.64 and 1.68 g/cm? for different charge diameters
are shown in figure 2. In experiment 4, the initial density is 1.64 g/cm? and charge diameter is
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Figure 2. Particle velocity profiles on the HN—water boundary at different densities: 4—1.64;
5, 6—1.68 g/cm3.

40 mm. In experiments 5 and 6 at the initial density of 1.68 g/cm?, the diameters change from
60 to 40 mm, while the detonation velocity is the same. The velocity profiles at the border with
the window also coincide, at least in the range from 0.1 to 0.5 us. A noticeable discrepancy is
due to the influence of the charge diameter on the velocity gradient in the unloading wave which
begins at large time values. This suggests that the characteristic reaction time is approximately
0.5 ps. It is noteworthy that immediately after the shock jump, the amplitude values of the
von Neumann spike in experiments 5 and 6 do not coincide, which is due to the reproducibility
of the experimental results. This is confirmed by comparison of results of different experiments
with the same diameters and the initial densities of the charges. In this case velocity profiles
coincide with good accuracy.

A decrease in the initial density of HN charges not only results in the decrease of absolute
values of the particle velocity, but also changes the characteristics of the dependence of velocity
on time. Directly behind the shock wave, the von Neumann spike is still recorded, which is
much less pronounced than in experiments with high density. Moreover, the velocity is constant
or oscillates near the mean value (figure 3) during the entire recording time. The absence of
the influence of the unloading wave, which should reduce the parameters outside the reaction
zone, may be due to the increase in reaction time, because the CJ point moves to later times.
However, this then means that the flow in the reaction zone, the duration of which exceeds 1 us,
does not correspond to the classical detonation model, according to which there is a decrease of
particle velocity during the chemical reaction.

The measured values of the detonation velocity as a function of the initial density, with a
charge diameter of 40 mm, are shown in figure 4. A distinctive feature of the obtained results
is a sharp increase of D in the density range of 1.5-1.6 g/cm3. Moreover, this effect is not a
consequence of the influence of the charge diameter on the detonation velocity. This is evidenced
by the data on the dependence of the detonation velocity on the charge diameter, according to
which the detonation velocity is a constant at diameters of 40 mm and greater. This gives
reason to believe that the measured value D = 8.92 km/s is the maximum and corresponds to
ideal detonation. Reduction of the charge diameter up to 30 mm results in a marked decrease
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Figure 3. Particle velocity profiles on the HN—water boundary at different densities of charge:
1—1.415; 2—1.50 g/cm3.
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Figure 4. The dependence of detonation velocity on the initial density of HN. The open circle
relates to previously published data [8,14].

of the detonation velocity, and at 20 mm the detonation attenuates. The velocity profiles at the
HN-water boundary also change accordingly. Thus, the critical diameter of HN with a density
of 1.68 g/cm? is greater than 20 mm, but less than 30 mm.

An analogous detonation velocity dependence on the charge diameter is also observed at a
density of 1.55 g/cm?®. In this case, detonation attenuates at a diameter of 15 mm, whereas at
a diameter of 20 mm or more a steady-state detonation regime is established. With a decrease
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of the charge diameter from 40 to 20 mm the velocity profiles are qualitatively similar and only
absolute values of the particle velocity decrease. At the same time, with a charge diameter of
15 mm, the time dependence changes qualitatively, the von Neumann spike disappears and the
velocity increases monotonically after the shock jump, i.e., the critical diameter at a density of
1.55 g/cm? is greater than 15 mm, but less than 20 mm.

3. Discussion

Results of the experiments show that the detonation properties of HN have a number of features.
Under steady-state detonation conditions at an initial density of 1.68 g/cm?®, a high detonation
velocity of 8.92 km/s is observed in HN charges. The pressure at the CJ point does not exceed
25 GPa, which corresponds to the value of the polytropic index close to 4.5.

The change of the detonation velocity with variation of the initial density is not monotonous,
but has a characteristic s-shape: D increases sharply with increasing pg in the range of 1.5—
1.6 g/cm3 (figure 4). Such a dependence of D(pg) does not allow us to relate HN to the second
group of high explosives, as has been suggested in previous research [17], since the data given in
figure 4 were obtained with a fixed charge diameter and should lie either on the linear dependence
D(po) (ideal detonation), or on the dependence with the maximum, which was observed in
previous research [14] for HN charges with a diameter of 41.4 mm. Such a significant discrepancy
between the experimental data is probably due either to the structure of the investigated samples
(for example, the particle size) or to the conditions for the undertaking of experiments. It is also
noteworthy that the dependence D = apg — b, where a = 5.388 kmcm?/(sg), b = 0.100 km/s,
which has been proposed in previous research [14] for the ideal detonation of HN and is shown
by the solid line in figure 4, agrees well with the results of the present work at pg > 1.6 g/cm?3.

Despite the complex character of the obtained D(pg) dependence, it is not a unique feature of
HN. A similar characteristic of the detonation velocity change with the initial density variation
was observed in previous research [18] for nitroguanidine. In the interval of 1.30-1.62 g/cm3,
the experimental data for nitroguanidine lie on the D(pp) dependence corresponding to the
ideal detonation, but at pg < 1.2 g/cm® the detonation velocity D decreases sharply, and in
previous research [18] this has been related to the realization of the low-velocity detonation
regime. It is probable that a similar regime is realized in HN at py < 1.5 g/cm®. Low-velocity
detonation is observed for many types of condensed energy materials, including liquid and solid
high explosives [19]. Steady-state propagation of detonation with low velocity is observed for
certain values of the particle size of high explosive and the charge diameter. In the present work,
we used HN with a sufficiently large crystalline particle size (approximately 0.5 mm), which
probably explains the difference between the obtained dependence D(pg) and some results of
previous research [14].

4. Conclusion

With respect to the example of nitroguanidine, it has been demonstrated [18] that in different
intervals of the initial density, the properties of high explosives can correspond to different groups
of explosives. This conclusion also applies to HN, whose critical diameter increases with initial
density increase, at least for pg > 1.55 g/cm?, which is typical for high explosives of the 2nd

group.
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