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THE COMBUSTION OF CONDENSED EXPLOSIVES (VV)
IN THE CASE OF OVERLOADS

S. K. Ordzhonlkidze, A. D. Margolin,
and P. F. Pokhil

(Moscow)

This work deals with the investigation of the combustion of
s0lid, liquid, and water-filled systems in a field of inertial
forces. The tests were conducted on a centrifuge with a radius of
4.5 em at accelerations up to 2000 g. The samples were burned in
a closed space at pressures up to 150 atm(tech.). The time of
burning was determined by a pressure oscillogram.

The solid composttion investigated in our work contained 15%
rubber, 15% aluminum (particle dimensions up to 10‘microns), and
70% ammonium percnlorate. The samples had a cross section area
of 0.4 em? and a length from 0.5 to 1.5 ca.

The tests showed that accelerations directed from the burning
surface of the fuel into the gaseous phise do not influence the
rate of burning. 1In the case of a reverse divection of accelera-
tion the rate of burning is increaszed, and the increase in the
rate (Au) 1is proportional to the square root from tihe value of
acceleration (a) and is decreased with the length of the sample
CElg. 1.
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After the burning of the

05 ,_33amut%n.r_7$;2 sample on the bottom of the cup in
e e
S A e whicl it is found there remains a
5 grayish slag, the particles of
Q

which have a speciflc weight of
2.8 g/cm3. Chemical analysis show-

ed that the slag does not contain

free aluminum. In the case of

small overloads and small lengths
sl b) of sample 1t has the form of
: a spheres with dimensions up to
106 u, at large overloads and long
lengths — it takes the form of flat

caxes with a thickness of up to

. T e S — 1 mm.
10 20 30 40
€, mm
r n 2 5
Fig. 1. Dependence of the The external appearance of the
rate of combustion on ac- slag teotifies to the fact that

celeration for samples with . A .
a length of 1.5 cm (a) and on during the process of burning it is

the length of a sample at a found in a liquid state. The ratio
pressure of p = 70 atm(tech.) I . . _
and u, = L.0 smds (. of the mass of the slag which re

mains in the cuap (M) to the ma:ss
of the sample (MO) is increased
with an increase of acceleration. For samples with a length c¢f
1.5 em the ratio of M/M, = 107" a/g is obtained.

Let us examine the model of the process of combuction of
aluminized fuel in a field of accelerations. If a sample »f fuel
with a weight fraction of aluminum (W) burns with a mass velocity
ou, then from the condition of equality of gas-dynamlc and inertial
forces which act on a drop of aluminum oxide 1%t 15 possible to de-
termine the minimal radius of the drops which are pressed to the

burning surface

_ /T

Ty = (1
1] ]/ B Bl \ )

e d ‘ T
T
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where I density of a drop;

P- and n — density and viscosity of combustion products.

From the very same condition i1t 1s possible to write the ex-
pression for the magnitude of the gap between the drop and the sur-
face of the fuel [1]

3=20,7ou(1 —W) . 62

Pk Pr@

Thanks to the transmission of heat from the burning drors to

the surface of the fuel the rate of combustion is increased.

An analogous explanation of the effect of an increase in the
rate of burning during overloads 1is proposed in work {[1], however,
the calculation gliven there 1s cpen, since the particle size re-
mains undetermined. 1In the present work a closed model ic ercn-
structed which makes 1t possible to calculate the upper and lower
boundaries of the rate of burning in a field of acceleratlons.
From an analysis of the model 1t follows that in proportion to the
combustion of the sample the rate 1s initially increesed from the
value Ug (in the frames of the model we accept ug = u|a=0) up to
a maximum, and then it is reduced to a stationary value u(l » &).
The initial sector up to the maximum of velocity 1is explalned by
the Joining of the cones, in the apexes of which are found the
drops (this sector we did not observe experimentally). Then in
proportion to the blending and enlargement of the drops their
distance from the surface increases, and, consequently, the rate

of burning is reduced (Fig. 1).

When a drop reaches a certain size its surilace becomes un-
stable. Tne maximum size of a drop rwau is determined by the
]
fact that from its surface small drops (with r < rMMH) are torn
2a)%

off which are carried off by the flow. The expression for .

can be written, stemming from the formula cbtained in [2]:

FTD-HT-23-630-74 3

s

Seclbiresh SR

SR

P —



Fuae = 0,25 390 [(p) (1 — W) mp, @] 95, (3)

where ¢ — surface tension.

After this the size of a drup is not increased any more, and
a stationary burning rate is reached.

The connection betweer the rate of combustion u and the tem-

perature gradient (D(u2 = ug + k§¢2), originating from the theory

of combustion of Ya. B. Zel'dovich, can pe written in the form

us = ug + k25_2. From here we obtain the bond z = —* with a par-
ticle radius r: 0
22(22_1) — 283 pypoa (u )

(=~W)%ulr

where
= lr(rw o Tn) .
¢ (Tu—To) '
Ar — thermal conductivity of gas;
¢ — heat capacity of fuel;
Tﬁ Tn — temperature c¢f drop and surface of fuel;
TO — initial temperature of sample.
It is evident that z _ = z(r, ) and z_ = Z(PmaH)- Actual-

ly our experimental data and that of other authors [3-5] are found
within these limits (Fig. 2).

Water-filled granular systems in the field of terrestrial
gravitation burn in a turbulent or laminar mode. In the laminar
mode the burning freguently attenuates, since the grains are
filled with water [6, 7.
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Fig. 2. Relative rate of Fig. 3. Dependence o1 criti-
burning at 70 atm(tech.) cal pressure of transition of
depending on the initial laminar burning on acceleration.

veloclity. Dots — experi-
ment, curves of extreme
rates — theory.

In our tests a quartz tube & mm in diameter and 45 mm in
length, filled with powder cylinders (h = d = 3 mm) and water (we
abbreviate this system by PZ + V), was placed 1u a centrifuge.
The sample was ignitrd close to the center of rotation; the burn-
ing front was shifted into the area of large accelerations, at a
certain value a the burning converted from a turbulent into a
laminar mode, and, as a rule, the extlnction of the sample took
place. Based on the measurements of the length of the remaining
parc of the sample and on the pressure oscillogram the extrerms

valuz of a at the given pressurzs was determined.

In proportion to the increase in acceleration there 1is an
increase in the critical pressure py delimiting the area of
turbulent (p > p,) and laminar (p < py,) burning (see :urve PZ + V
in Fig. 3).

In an analogous manner the limits were obtained for the tur-
bulent burning of a model system consisting of two plates of
powder (u = 16 mm/s at 60 atm(tech.), v = 0.75). The width of
each plate was 10, length 45, and thickness 1 mm; the gap between

FTD-HT-23-630-74 2
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Fig. 5. Dependence of the
i rate of burning of nitro-

Typ6 glycol on the pressure at
on p at various a. various accelerations.

Fig. 4. Dependence of
of a slotted charge

the plates (0.2 mm) was filled with water (we abbreviate this
system by PP + V).

Accelerations, as it was predicted in work [7], promote the
stabilization of burning, whereupon at a § 10 g, Py Vv a2 (see the
curve PP + V in Fig. 3), as this also follows from theory [7].

However, at a ; 10 g the critical pressure increases more slowly

(p, v a", where n »~ 0.3), which is possibly connected w!th a
decrease 1n the characteristic lengtihh ¢f the wave of unstable
disturbunces. With a > 10 g the form of the curves for the systens

PP + V and PZ + V is analogous.

In addition to the value of critical pressure for the system
FF + V the rate of turbulent burning was measured at various

accelerations (Fig. 4).

Liquid VYV — nitroglycol — was burned in quartz tubes with
dBHYT of 5.5 mm. It was ignited by a plaete of ballistite powder
with a thickness of 0.5 mm.

At a = g the transition of burning to the turbulent mode took

place at 12 atm(tech.) (Fig. %), which agrees with the data of
other authors [8].

FTD-HT-23-630-74 6
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With a = 18 g the critical pressure is equal to 60 atm(tech.),
and with a = 60 g py = 80-90 atm(tech.). At accelerations higher
than 300 g burning was laminar in the entire range studied (up to

i 140 atm(tech.)).

As predicted by the theory of L. D. Landau, acceleration
stabilizes burning. It follows from the formula of Landau that
for nitroglycol (v = 1) py " an, where n = 0.5. Experimental
data (see the curve NGL in Fig. 3) are found in satisfactory

T WIS ot B e .

agreement with this relationship.

The authors express their thanks to A. S. Uralov and Ye. Yu.
Skuridin who took part in the carrying out of the tests.
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