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The instability of plane detonation has been observed theoretically and experi-
mentally in many gaseous and liquid explosives (1710). In all cases it is associ-
ated with an Arrhenius dependence of the rate of heat release on temperature.
Meanwhile, this is not the only type of chemical-reaction kinetics, especially in
solid explosives. In them, for example, kinetics decreasing with time is possible,
the origin of which is still not very clear (?).

It is of interest to investigate the stability of detonation in the general case,
for arbitrary kinetics of heat release. For this purpose a model is proposed in
which the smooth variation of the parameters in the detonation front (pressure,
density, temperature) is replaced by a stepwise one. In accordance with this,
the detonation wave is represented by a model of a stationary complex that
includes the initiating shock front and a system of fronts of instantaneously
occurring chemical reactions arranged successively behind it, separated by in-
tervals Lq, Ly, ... with characteristic delay times 7, 7y, .... The links themselves
of the stepwise distribution of parameters within the detonation zone should be
understood either as successive stages of one and the same chemical transfor-
mation, or as different intermediate reactions with activation energies F,, F,, ...

(Fig. 1).
Fig. 1

While reflecting the essential features of the real phenomenon, this scheme ad-
mits the possibility of a mathematical solution of the stability problem. In-
creasing the number of intermediate links, within which partial burning-out
occurs of the reactant determining the chemical reaction at the given stage
(from concentration ¥, to 9, +1), naturally increases the accuracy of the calcula-
tion. Identifying the axis y with the stationary position of the shock wave, we
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have in the intervals L, Lo, ... a set of flows moving in the positive direction of
the z-axis, whose parameters p;, p;, v;, T}, Sj, Ajs Cpis (pressure, density, veloc-
ity, temperature, entropy, speed of sound, heat capacity, isentropic exponent)
are denoted by the indices j = 0 for the initially explosive substance (z < 0),
j=1,2,.. for the intervals L,, L,, ... introduced above in the detonation zone,
ending with ignition fronts x = L;, * = Ly + L,,.... Perturbed states of the
flows occurring downstream from the shock front (for vy > a,), are composed
of acoustic and entropy-vortex waves, which are represented by solutions of the
linearized gas-dynamic equations () in the form
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In this case the shock front and the fronts of partial combustion introduced by
us acquire small displacements

On the acoustic perturbation going into the final detonation products we impose
the condition that it be bounded as x — +oo (A4,.,; = 0). Satisfying, by
means of the indicated solutions, the linearized laws of conservation of mass,
momentum vector, and energy with respect to the discontinuities,
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and the conditions, analogous to (7), imposed by the chemical kinetics on each
interval of partial reaction, in the form

TJ+1
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where T} = ¢ + Z;:) T, To = 0, and the integration is carried out along the
trajectory

J—1
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we ultimately obtain the characteristic equation

for finding the eigenvalues w. Since the introduction of each interval requires
the fulfillment of 5 conditions (4 conservation laws and the equation
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determined by the kinetics), the determinant D(z) = |a,,.(2)|, by which the left-
hand side of the characteristic equation is expressed, has order 5n + 4, where
n is the number of intervals L;. It is convenient to represent the numbers of
the row and column at whose intersection the element a,, stands in the form

q=>5(j—1)+1land r =5(j — 1) +m, and to introduce the notation a,, = bj,,,

r,g=12...5n+4; I,m=12,....,5n+4; j=1,2,...,n+ 1. Then in D(z),
for j=1,2,...,n,

bis = 2/ Vjs; bl = (mynd®/vys + 1/ (s + 2))[exp kLj(v;5 + 2;) — 1],
where s = 1,2 by, = 1/(x; — )M} bis = zja(e; —1); bz =a; — L;
bis = —zj(a; —1); bl = oy bis=bls=1; by =2; bly= -2
b{4 = bé4 =—1 bgs = ij; bg4 = —NjpLJ; bg,w = exp ijzj;

bg+l,s = b{,s exp(_ijP)/js); §= 1; 2’ I= 27 3;

bgH}S = b{’s exp(—kL;,j), s=3,4, 1=2,3;
b, o= oYV  exp(kL ),  s=1,2, [=1,4
5+1,s l,s—j p iVjs) ) 4y 5 Ee

Finally, for j =n + 1,
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n+l _ . n+l __ . n+l __
by~ = —2yp1; by = — 1 b = =200 /Y0

The remaining elements not covered by these formulas are zero. Analysis of
the roots of the obtained characteristic equation makes it possible to judge the
stability of the detonation wave for various distributions of the parameters over
its width. In the limiting case L; # 0, Ly, = Ly = - = L, = 0, as was to be
expected, the equation coincides exactly with that obtained and investigated
earlier in [4] for the two-front model.
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