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Abstract Diffraction of cellular heterogeneous detonation
out of a channel into open half-space in a mixture of alumi-
num particles and oxygen is investigated numerically. The
flow is found to be very similar to gas detonation diffrac-
tion. The detonation weakening behind the step results in
combustion front deceleration and decoupling from the lead-
ing shock wave. Subsequent re-initiation takes place in a
transverse wave. New transverse waves are generated along
the expanding front. The computations that were performed
show that the critical number of cells is several times less
than that for gases. This is confirmed by theoretical estimates
based upon the Mitrofanov–Soloukhin approach.

Keywords Cellular detonations · Diffraction ·
Gas suspensions · Numerical modeling

1 Introduction

There is an urgent need of investigations on detonations in
gas suspensions of small solid particles, both because of
safety issues, and potential development of useful technol-
ogies. Industrial dust explosions are accompanied by shock
and detonation wave propagation in spaces with complex
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geometry, such as rooms, conveyers, transporters, channel,
shafts, etc. One possible application of detonations is in
propulsion. A new generation of engines could use dust sus-
pensions as components of the working fluid. Therefore,
analysis of the specific features of detonation wave propa-
gations in confined volumes with complex geometry is of
interest. The typical configuration is a channel with sudden
expansion.

The problems of detonation transmission into an uncon-
fined volume and propagation through channels or tubes with
cross-section change have been studied extensively for gas-
eous mixtures. Discussion and analysis of theoretical and
experimental results can be found in reviews [1–3].

Conditions for survival of the detonation process, while
coming out of a tube or channel into an open space are
expressed in terms of the tube diameter (or width of a rectan-
gular channel) and the transverse size of the detonation cell.
The experimentally obtained relation between critical tube
diameter and cell size in gases is n = d/λ = 10 ÷ 13 [1].
A theoretical basis for this estimate has been provided by
Mitrofanov and Soloukhin [4]. The initial statement is that
the reaction behind the curved shock front decays when a
change in the ignition delay time becomes of the order of the
delay time itself. This results in the following relation on the
minimal number of the transverse waves:

n <

∣
∣
∣
∣

dτ

dT

∣
∣
∣
∣

4T c

τ D
. (1)

Here, c is the speed of sound and D is the detonation velocity.
When the Arrhenius dependence of an ignition induction time
on temperature τ = τ0 exp(E/RT ) is applied the decaying
condition takes the form of n < 4Ec/RT D, which yields
n ∼ 10 in [4].
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In [5], an expression for the critical channel width for a
cylindrical re-initiation is proposed

l = √
πd/4 ≈ 0.4d. (2)

The relationship (2) is confirmed by comparison with exper-
imental results on detonation exit from a tube and a channel
closed by a diaphragm with a rectangular orifice. Experi-
ments in which both mixture properties and exit orifice
parameters were varied have shown that when the detona-
tion exits through a rectangular orifice with reduced size, the
parameter n = l/λ may decrease down to a magnitude of
order 2 ÷ 3.

A number of papers on numerical simulation of detonation
wave diffraction in abrupt rectangular channel expansion (in
plane 2D geometry) [6–9] confirms the mechanism of the
re-initiation in the transverse waves of the cellular detona-
tion is responsible for the detonation reconstruction behind
the diffracted wave. The critical number of cells per channel
width obtained in these computations is about three, which
agrees both with estimations [5] and theoretical predictions
[10]. The results of the calculations coincide also with [8]
experimental data.

Other possible mechanisms for detonation propagation
beyond area expansion are discussed in [11,12]. In [11], on
the basis of numerous experimental results for different mix-
tures an attempt to reveal a connection between the critical
tube diameter and a critical radius of the initiation and prop-
agation of spherical detonation is made. It has been shown
theoretically that the re-initiation energy when a plane det-
onation exits a tube is comparable to the initiation energy
of a spherical detonation. But the influence of the transverse
waves characteristic of cellular detonations on the process
was not investigated. In [12], results of theoretical and exper-
imental study of the cellular detonation exit from a tube into
an open half-space are presented. It turns out that the critical
conditions for detonation process preservation for cellular
detonation are very close to those obtained numerically in
[13] for the similar problem of plane detonation exit. There-
fore, the authors conclude that the interaction of the reaction
zone with the rarefaction wave and the unsteadiness of the
process also plays an important role in detonation propaga-
tion and failure, together with the transverse waves.

A large number of experimental and numerical studies on
detonation propagation in confined volumes with variable
geometry were performed in the context of the pulse deto-
nation engine. Review and discussion of these investigations
can be found in [14]. New experimental and numerical data
on detonation propagation in channels with variable cross-
section and obstacles have been obtained in recent papers
[15–19].

Detonation propagation in gaseous suspensions of solid
particles is characterized by a more complex wave structure
than in gaseous mixtures. The interphase processes inherent

to heterogeneous detonations affect both detonation initia-
tion and propagation in the diffraction process. The wave
structure in heterogeneous detonation essentially differs from
gas detonation due to different relations between induction
and combustion zone length, and because of the processes
of temperature and velocity relaxation. Therefore, identify-
ing similarities and differences of corresponding diffraction
processes in gases and gas–particle mixtures is interesting.

Numerical modeling of detonation propagation in gaseous
suspensions of unitary fuel particles in a tube with variable
cross-section has been performed in [20,21]. Both contin-
ued detonation propagation, and detonation decay can take
place. Transition conditions were obtained relating diameter
ratios between narrow and wide parts of the tube, and mixture
fraction.

In [22], the process of planar shock and detonation waves
exit from a plane channel into unconfined volume was investi-
gated numerically within the limits of proposed physical and
mathematical models for heterogeneous detonation in alu-
minum particle oxygen suspensions. A comparative analysis
with results of [13] has been performed, where the corre-
sponding problem for gaseous detonations was considered.
Existence of three different regimes of propagation of the
heterogeneous detonation, also present in gaseous mixtures
has been established: subcritical (detonation failure), critical
(partial failure with subsequent re-ignition), and supercrit-
ical (continuous detonation propagation). Detailed analysis
of the flow in each regime was performed in [23]. Essential
differences of the flow structure behind the backward step in
gas particle mixtures compared with gas mixtures, in partic-
ular, different configurations of the combustion front shape
were revealed. These differences are related to the influence
of the relaxation processes of phase interactions, with scales
determined by the particle sizes. Therefore, the transition
from one regime to another depends not only on geometrical
parameters (width of the channel), but also on particle sizes.
It has been established that in some cases there is a transition
to a cellular detonation mode.

In [24], similar research was performed taking into account
the effects caused by the presence of the walls in a wide part
of the channel, and also influence of distribution of parti-
cle sizes in polydispersed mixtures. Possible scenarios of the
flow evolution after reflection of the diffracted wave from
the wall in different regimes was described and analyzed in
[22,23] and the influence of the geometrical parameters and
particles sizes were studied.

The present work is an extension of the studies [22–24]
and focuses on investigation of propagation of the cellular
detonation in monodisperse aluminum particle oxygen sus-
pensions in channels with an abrupt cross-section expansion.
The purpose of the work is the analysis of cellular heteroge-
neous detonation diffraction on a backward step, including:
(1) identification of detonation propagation scenarios; and
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(2) analysis of the influence of particle size and geometri-
cal channel parameters on the flow development in different
regimes.

2 Problem formulation

The problem considers a flat channel with an abrupt
expansion of the cross section, filled with a homogeneous
stoichiometric monodisperse mixture of oxygen and fine alu-
minum particles. The channel is assumed to be symmetric
with respect to the x axis; therefore, it is sufficient to con-
sider its upper or lower part (Fig. 1). An established cellular
detonation wave propagates along the channel in the gas–
particle mixture. Passage of this wave from the narrow part
of the channel to the wide part is investigated. The channel
geometry is shown in Fig. 1: H1 is the channel width.

We use the same model and numerical method as in
[22–24]. The mathematical model for detonation of alumi-
num particles in oxygen was developed in [25,26] and veri-
fied by comparison with experimental data [27]. The model
is based upon the concept of a two-velocity two-temperature
continuum of the mechanics of heterogeneous media. Alumi-
num combustion is described in the frame of a reduced chem-
ical kinetic model that allows for incomplete particle burning
due to the oxide film growth. The reaction initiates when par-
ticles achieve a critical temperature, i.e., the ignition temper-
ature. The parameter values (ignition temperature, activation
energy, heat release, and chemical reaction velocities) were
determined from the experimental data which includes deto-
nation velocity, ignition zone length, and combustion dura-
tion. Detailed descriptions of the physical and mathematical
model and governing equations are given in [22,28].

The initial cellular detonation is obtained numerically
from the problem of cellular detonation formation under the
action of an explosive shock wave on the particle cloud [28].
Consider a plane channel of infinite length filled on a half of
length with a mixture of aluminum particles and oxygen. The

Fig. 1 Flow scheme

other part of the channel is filled with pure oxygen. The planar
shock wave accompanied with the adjacent rarefaction wave
propagates in the gas and interacts with the mixture result-
ing in a planar detonation wave. Non-uniformity of particles
density in the transverse direction on the cloud edge results
in weak transverse waves. Reinforcement and regularization
of these transverse waves lead to a cellular detonation with
an average propagation velocity equal to the CJ value for
a self-sustained detonation. The dependence of the detona-
tion cell size on the channel width and the particle size has
been analyzed in [28]. The numerical values of detonation
cell width correlate with known experimental and calculated
data for aluminum–oxygen and aluminum–air suspensions
[29–31] taking into account the particle size and the type of
oxidizer. In addition, the calculated results are confirmed by
the acoustic analysis estimations obtained in [28] using the
method by [32].

Part of that numerical solution (0 ≤ x ≤ L1 ≤ y ≤ H1),
including the developed cellular detonation flow in the undis-
turbed section, the leading shock wave and the detonation
structure, with part of the adjacent rarefaction wave is used
as initial conditions in the current detonation diffraction sim-
ulation (Fig. 1).

Sufficient values of L1 are used that allow implemen-
tation of an outflow condition on the left boundary. The
channel walls are considered to be impenetrable and heat-
insulated. The initial mixture properties are imposed on the
right boundary.

The calculations have been performed for monodisperse
stoichiometric mixtures of aluminum particles and oxygen
with initial mass concentration of 0.55 (mean particle den-
sity 1.34 g/cm3). A parametric study varying channel width
H1 from 0.0165 to 0.066 m and particle diameter from 1.5
to 3.5µm has been carried out. The channel width contains
from 0.5 to 8 detonation cells.

The numerical method includes the Harten TVD scheme
for the gaseous phase and the Gentry–Martin–Daly upwind
difference scheme for the solid phase dynamics. For conve-
nience of numerical implementation of the two-dimensional
TVD scheme for the current geometry, a planar channel of
maximum width is used as the computational domain. At
each time step, the computation is performed in the entire
region with following re-imposition of the boundary con-
ditions on the walls of both the narrow and wide parts of
the channel. The numerical method has been tested previ-
ously including grid refinement and convergence, for the
problems of detonation initiation and propagation [33,34],
cellular detonation formation [28], and planar shock and det-
onation wave diffraction [22,23]. Test calculations with grid
steps 1.5×10−4 m, 2×10−4 m, 3×10−4 m, and 4×10−4 m
were carried out for each of detonation diffraction regimes
in the mixtures of 2 and 3.5 µm particles. The results for
all supercritical and critical regimes and also for subcritical
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Fig. 2 Detonation flow development behind a backward step for H1 = 0.066 m, d = 2 µm: numerical Schlieren images of gas density, �t =
0.05 ms (a–c); maximal pressure history (d)

regime in the mixture of 3.5 µm particles agree qualitatively
and quantitatively. Only for 2 µm particle mixture and H1 =
0.009 m does the increase of the mesh size from 2 × 10−4 m
to 3 × 10−4 m or to 4 × 10−4 m cause a switch from subcrit-
ical regime to critical. Thus, results are sensitive to the grid
resolution for the limiting values of mixture properties and
the channel width in the current regime. A similar influence
resolution on the number of cells in plane channels has been
discussed in [28]. In the present study as in [22,23], the grid
was chosen to provide agreement in all regimes considered.
Thus, a uniform grid with 2×10−4 m mesh was used, provid-
ing more than 20 points per minimum relaxation scale (1µm
particle combustion zone).

3 Characteristic features of the cellular detonation
diffraction in gas–particle mixtures

Typical detonation pictures in a mixture with 2 µm particles
are shown in Fig. 2 (H1 = 0.066 m). Here, 2.5 cells occupy
half of the narrow channel width and the detonation cell size

is 2.66 cm. This value correlates with the power–law depen-
dence of the detonation cell size on the particle diameter
for aluminum–oxygen mixtures obtained in [28] taking into
account dispersion of the numerical results in narrow chan-
nels. In [28], the value of exponent is 1.6 and the character
cell size for 10 µm particles is 27 cm.

The channel width and the number of the detonation cells
in Fig. 2 are sufficient to provide continuous detonation prop-
agation on the major part of the diffracted front. The front
expansion leads to non-uniformity and transformation of the
cellular structure. Interaction of the rarefaction wave zone
behind the backward step with the detonation front leads to
separation of the shock wave and the combustion front in
a region adjacent to the confining wall. The separated sec-
tion consists of two parts separated by a transverse wave
(Fig. 2a). This transverse wave reaches the confining wall,
on which it reflects, providing re-initiation near the wall.
The second transverse wave joins the separated section of
the front with the section of continuous detonation propa-
gation. Figure 2c shows their interaction, which leads to full
re-initiation. The averaged front propagation velocity in
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Fig. 3 Channel width effect on cellular detonation development: maximal pressure history, d = 1.5 µm, H1 = 0.066m (a); 0.033 m (b);
0.025 m (c)

Fig. 2a–c rises from 1,480 to 1,510 m/s in x direction and
from 870 to 1,440 m/s in y direction. Thus, this case belongs
in the critical regime of detonation propagation. In the sec-
tion of the front adjoining the axis of symmetry, new trans-
verse waves appear to originate (Fig. 2c) due to fluctuations
along the detonation front. Corresponding maximal pressure
history images pmax(x, y) = maxt [p(x, y, t)] show the hot
point tracks (Fig. 2; the same gray scale is used in all similar
subsequent images).

Figure 3 presents results for 1.5 µm particles, with dif-
ferent numbers of cells across the channel, i.e. varying the
channel width. These pictures confirm the non-uniformity
and transformation of the cellular structure and appearance
of new transverse waves, both in the near-wall region and
near the plane of symmetry (Fig. 3a). Figure 4 evidences
time-development of the process corresponding to Fig. 3a.
The averaged propagation velocity in the case presented in

Fig. 4 is constant in the plane of symmetry (1,550 m/s) and
rises along the backward step wall from 1,130 m/s (a–b) to
1,450 m/s (b–c) and to 1,560 m/s (c–d). Emergence of the
new transverse waves that are clearly seen in Figs. 3a and 4
is related to instability of the detonation front with respect
to disturbances, leading to its curvature (in the case of the
Arrhenius-type reaction) and to propagation of acoustic
waves in the flow behind the front. A detailed explanation of
this phenomenon of gaseous detonation based on the meth-
ods of linear acoustics was offered in [32]. Application of
the method to heterogeneous detonation in aluminum–
oxygen mixtures proposed in [32] allowed confirming the
detonation cell size dependence on particle diameter in [28]
and the detonation degeneration in bi-dispersed mixtures in
[35]. Appearance of a new transverse wave has been obtained
in numerical simulations of diffraction of planar detonation
wave in gases [13] and in gas–particle mixtures [22,23].
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Fig. 4 Formation of new transverse waves on the diffracted detonation front, d = 1.5 µm, H1 = 0.066 m: Schlieren images of gas density,
�t = 0.05 ms

Thus, as a whole the scenario of detonation propagation in
the critical regime corresponds to gaseous detonation flows,
where re-initiation of detonation at diffraction on a backward
facing step is connected with the triple point collisions [9].
Therefore, the reinitiation mechanisms in the critical regime
of propagation in gases and gas particle suspensions are
similar. However, in our calculations on suspensions of alu-
minum particles in oxygen, the number of cells where re-
initiation behind the backward step can occur is less than
in gaseous mixtures. The numerical calculations show the
detonation remaining only for the case of one detonation
cell in the channel, which is significantly less than that in
gaseous mixtures (10–13 for tubes and 2–3 for rectangular
channels).

For a small number of transverse waves across the channel,
the scenario may depend upon the position of the transverse
waves in the exit plane. Figure 5 illustrates two cases of det-
onation development with one cell per half channel width or

two cells in the channel (d = 3.5 µm, H1 = 0.066 m) and
different shock wave configurations at the moment of passage
through the exit plane. In the first case, due to the transverse
wave reflections from the wall and from the plane of sym-
metry and their collisions behind the exit plane, two strong
transverse waves leave their marks (Fig. 5a1). Decoupling
between the leading shock wave and the combustion front
occurs only in a narrow zone near the wall (Figs. 5a2–a4).
The average of 0.05 ms propagation velocities in x direction
is 1,280 (a2–a3), 1,400 (a3–a4), 1,340, and 1,540 m/s (last
moments are not presented in Fig. 5). Corresponding values
in y direction are 1,130, 1,210, 1,150, and 1,410 km/s. This
confirms that the detonation has been restored on a major
part of the diffracted front.

In the second case, the transverse waves collide in the
plane of symmetry and go around the corner. Reflection on
the vortex structure generates weak dispersive shock waves,
which reinforce after collisions in the plane of symmetry
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Fig. 5 Influence of transverse wave configurations (a, b) at the exit plane on detonation development, d = 3.5 µm, H1 = 0.066 m. Maximal
pressure history (1), Schlieren images of gas density, �t = 0.05 ms (2–4)

(the triple point tracks are evident in Fig. 5b1). Here, a signifi-
cant part of the front shows decoupling between the
weakened shock and the combustion front. The re-initia-

tion process delay is shorter (Fig. 5b2–b4 compared with
Fig. 5a2–a4) and the detonation front covers less distance
than in the previous case. The corresponding propagation
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Fig. 6 Comparison of planar (a) and cellular (b–d, �t = 0.15 ms) detonation diffraction: Schlieren images of gas density, d = 3.5 µm,
H1 = 0.033 m

velocities in x− and y-directions are only 1,190 and 760 m/s
(b2–b3), 1,260 and 610 m/s (b3–b4), respectively. The det-
onation most likely reappears in the transverse wave which
is formed on the front bow ( x ∼ 0.7 in Fig. 5b4), as in the
critical regime for planar detonation wave diffraction [22].

Figure 6 shows how results differ for planar and cellular
detonation diffraction in the same channel (H1 = 0.033 m)
in a mixture with 3.5 µm particles. The initial self-sustained
planar detonation wave propagating, with adjacent rarefac-
tion wave, was obtained from the initiation problem described
in Sect. 2, but without a 2D perturbation. In this case, the for-
mation of the cellular structure in 2D calculations is consid-
erably delayed therefore when the detonation wave crosses
the exit plane it is still planar.

Failure of the planar detonation wave due to diffraction
is observed in Fig. 6a in a way similar to the results of [22]
and [23] for 3.5 µm particles and H1 ∼ 3 cm. The detona-
tion decays so that no transverse wave forms along the dif-
fracted leading shock front. Formation of transverse waves in
different regimes for planar detonation diffraction has been
analyzed in [23]].

Cellular detonation diffraction shows the detonation pro-
cess conservation (Figs. 6b–d). Here, a structure with only
one transverse wave per half a channel (one detonation cell
in the 0.066 m channel) forms in the narrow part, which does
not contradict known criteria of cellular detonation propagat-
ing limits. The detonation cell size also correlates with data
of [28].

The averaged propagation velocity rises monotonically
from 1,100 to 1,450 m/s in the plane of symmetry, but var-
ies non-monotonically between 730 and 1,040 m/s along the
backward step wall. The flow patterns presented in Figs. 6b–d
reveal that the primary transverse waves are not sufficient
to reinforce the detonation (Fig. 6b–c). Re-initiation starts
from the central section of the front due to new transverse
waves formed as in the critical regime of plane detonations,
in which the detonation reinforcement always takes place
[22,23].

Different results for planar and cellular detonation dif-
fraction in this case may be explained by the influence of
local overcompression in the central part of the detonation
wave which is proper to a certain phase of cellular detona-
tion propagation. Thus, the results presented in Figs. 5 and
6 confirm the influence of the transverse waves on evolution
of the process after the detonation front exit into an open
space. Cellular detonations provide in general better condi-
tions of detonation propagation than plane detonations. At
the same time the critical channel width for plane and cellu-
lar detonations are close, which agrees with results obtained
for gaseous mixtures as discussed in [12].

Cellular detonation failure is obtained in the numerical
results only in the case with one transverse wave in the chan-
nel, which corresponds to a half a cell channel width (Fig. 7,
d = 3.5 µm, H1 = 0.0165 m). In this case, the flow cannot
be symmetric in y-direction. The interaction between trans-
verse wave and the vortex structure behind the backward
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Fig. 7 Cellular detonation
failing at
d = 3.5µm, H1 = 0.0165 m:
maximal pressure history (a)
and numerical Schlieren images,
�t = 0.1 ms (b–d)

facing step is weakening, and it is too weak to re-initiate det-
onation even on the upper side of the domain, as displayed
in Fig. 7.

As mentioned above the mean velocity of the detona-
tion wave propagating in the narrow part of the channel is
close to the CJ velocity (1,560 m/s). After the expansion,
the velocity drop can be estimated from the time evolution
images (Fig. 7). The velocity in the central part decreases
linearly, with values 880, 650, and 490 m/s in Fig. 7b–d,
respectively. In this case, the mixture and channel proper-
ties correspond to the subcritical regime of planar detonation
wave diffraction [23]. In critical regimes, characterized by
front acceleration in the process of re-initiation, a minimal
propagation velocity of about 1,100–1,200 m/s was obtained
in [23] for d = 2 µm, H1 = 0.015 to 0.02 m. In the subcriti-
cal regime in Fig. 6a, the propagation velocity goes down to

751 m/s and lower. Thus, the regime in Fig. 7 is really also
subcritical.

4 Discussion

Numerical results show that heterogeneous detonation prop-
agation without failure still occurs in channels narrower com-
pared with cell width than in gaseous mixtures. This is due
to significant differences in conditions and mechanisms of
aluminum particle ignition, compared with the ignition and
induction processes in gaseous mixtures.

The approach of Ref. [4] applied to a gaseous suspension
of solid particles results in a critical number of detonation
cells. The minimum number of cells per channel width is
also given by Eqs. (1, 2). However, it has to be taken into
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account that the processes taking place behind the shock front
in gaseous suspensions differ considerably from the ignition
and induction process in gaseous mixtures. The particles are
accelerated by the gas flow, giving rise to an additional heat
generation due to the friction force. The particle heat rate and
ignition conditions are determined not only by the ambient
gas temperature, but also the Nusselt number dependence on
relative particle velocity. In the ignition process of suspended
aluminum particles behind the shock the dynamics of initial
particle heating influences the ignition delay more strongly
than the Arrhenius reaction of the surface oxidation. There-
fore, in the proposed model the low-temperature reaction of
oxidation of aluminum has been neglected during the heat-
ing stage and transition to combustion is defined by a critical
temperature of about 900 K (called the “ignition tempera-
ture”). For particle temperatures of the order of 800 to 900 K
an rapid acceleration of the oxidation rate takes place which
leads to a heat equilibrium breakdown [36].

In a rough approximation, one can assume that the Nus-
selt number is constant, in which case particle heating in the
phase of initial heating is described by the equation

dT2

dt
= 1

τT
(T − T2) . (3)

Here, T and T2 are the gas and particle temperatures and τT is
the characteristic time of thermal relaxation. The initial stage
of the particle heating is characterized by non-monotonic
behavior of the gas temperature [26], conditioned by two
opposite processes, namely, heat generation due to particle
acceleration in the flow, and heat transfer from the gas phase
to the particles. The gas temperature at this stage varies in
a range between 1,500 and 2,000 K. For estimation purpose
we consider a simple approximation T = const , but the
two extreme temperature values will be verified. The solu-
tion (3) for this condition takes the form T2 = T − (T − T0)

exp (−t/τT ) and the ignition delay time is defined by τ = τT

In
[

(T − T0)(T − Tign)
]

. Substituting these relations in
Eq. (1) leads to a condition for decay of the diffracted wave
for spherical heterogeneous detonation:

n <

(

Tign − T0
)

4T c

(T − T0)
(

T − Tign
)

In
[

(T − T0)/
(

T − Tign
)]

D
. (4)

For D = 1,560 m/s, c = √
γ RT , T0 = 300 K, Tign =

900 K , Eq. (4) gives a critical value of about 3 (3.4 and 3.2
for gas temperature values of 1,500 and 2,000 K). Taking
Eq. (2) into account the plane channel condition is written as
n = l/λ ∼ 1.5. Therefore, the simple estimates show that for
heterogeneous detonations the critical conditions differ sig-
nificantly from those for gaseous mixtures. This is confirmed
to some extent by the numerical results above.

Wave flow pictures of the gas phase are similar and the
propagation mechanism associated with re-initiation in the
transverse waves exists, but there are several qualitative

differences in the fine detonation structure, such as non-
monotonic behavior of the gas temperature, and the critical
conditions for particle ignition. This leads to different criti-
cal conditions for propagation by the diffraction in gaseous
mixtures and in suspensions of reacting particles. These dif-
ferences appear to be mainly related to velocity and thermal
relaxation, and they require an additional research.

5 Conclusions

A two-dimensional numerical simulation of cellular detona-
tion propagation in stoichiometric suspension of aluminum
particles and oxygen by diffraction on a backward facing step
has been performed. In general terms, the process of deto-
nation propagation in suspensions is similar to gaseous det-
onations, with re-initiation taking place in transverse waves
behind the step. Also new transverse waves are generated
along the expanding front.

Results for different particle size and channel width show
that the critical number of the cells is much lower than for the
gas detonation. For one or two detonation cells in the channel
width the scenario depends upon the transverse wave config-
uration at the exit plane. Detonation failure has been obtained
in numerical simulations only in the case of one transverse
wave, i.e. half a cell, in the channel width.

The observed decrease of the critical number of the cells in
heterogeneous detonations is confirmed theoretically by esti-
mates obtained for aluminum particle mixtures, based upon
the Mitrofanov–Soloukhin approach. This decrease is most
likely due to the influence of velocity and temperature relax-
ation processes in the two-phase detonation structure.
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