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Abstract: Numerical simulation is used to study the differences and specific features of the propagation of
heterogeneous detonation waves in a vertical channel filled by air suspensions of droplets of n-hexadecane and
iso-octane — flammable liquids with very different vapor pressure under normal conditions. The difference in vapor
pressure exerts a strong effect on the conditions for the existence of heterogeneous detonation in the suspensions.
Thus, heterogeneous detonation in air suspensions of iso-octane droplets can be initiated in a channel without
taking special measures. However, for the initiation of heterogeneous detonation in air suspensions of n-hexadecane
droplets, there is a need in significant liquid prevaporization. For example, for the air suspension of stoichiometric
composition, a degree of liquid prevaporization must exceed a certain critical value (about 40%). When the degree
of liquid prevaporization is lower than this critical value, the chemical energy release behind the lead shock wave
does not ensure the self-sustaining character of reaction wave propagation. When passing through the critical value
of the degree of liquid prevaporization, there is a drastic change in the energy release mode in the propagating
reaction wave: the energy release starts from the volumetric (kinetically controlled) self-ignition of the vapor–air
mixture behind the lead shock wave accompanied with a significant increase in temperature, which accelerates
subsequent processes of mixture formation and (diffusion controlled) energy release. At a subcritical value of the
degree of liquid prevaporization, this starting period is weakly manifested.
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Figure Captions

Figure 1 Calculated variation of the velocity of the lead shock wave in an air suspension of n-hexadecane droplets along the
vertical channel (d = 150 µm, � = 1.5, baseline values of pressure and temperature in the initiating region)

Figure 2 Comparison of the predicted profiles of pressure (a) and temperature (b) averaged over the channel cross section in the
detonation wave running through the air suspension of iso-octane droplets at d = 400 µm (1)and in the unsteady reaction wave
running through the air suspension of n-hexadecane droplets at the moment of the lead shock wave arrival in the control cross
section of the channel (L = 3.2m) at d = 150 (2) and 400 µm (3) and � = 1.8

Figure 3 Calculated dependence of the reaction wave propagation velocity (in the control cross-section of the channel
L = 3.2 m) in a stoichiometric (� = 1) air suspension of n-hexadecane droplets of the initial diameter (before the start of
channel fill) d = 150 µm on the degree of liquid prevaporization Ÿ under normal pressure and temperature (NPT) conditions.
The dashed line connects the points at which the reaction wave still propagates unsteadily (slows down), whereas the solid line
connects the points at which the steady-state propagation of heterogeneous detonation is observed

Figure 4 Predicted profiles of pressure (a) and temperature (b) in reaction waves running through air suspensions of n-hexadecane
droplets with stoichiometric composition at different degrees of liquid prevaporization Ÿ = 0.1–0.7 (d = 150 µm, NPT
conditions). Groups of curves A and B correspond to self-sustaining (Ÿ ≥ 40%) and unsteady (Ÿ ≤ 30%) reaction waves. Thick
lines correspond to extreme values of Ÿ = 30% and 40%

Figure 5 Predicted instantaneous distributions of the fuel vapor mass fraction, pressure, and temperature in reaction waves
running through air suspensions of n-hexadecane droplets with stoichiometric composition at Ÿ = 30% (a) and 40% (b)
(d = 150 µm, NPT conditions). The distributions are plotted in the symmetry plane of the channel at the moment when the
lead shock front of the reaction wave arrives at the control cross section L = 3.2 m. The arrows show the direction of reaction
wave propagation
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Figure 6 Predicted instantaneous distributions of the fuel vapor mass fraction and the fuel droplet diameter in reaction waves
running through air suspensions of n-hexadecane droplets with stoichiometric composition at Ÿ = 30% (a) and 40% (b)
(d = 150 µm, NPT conditions). Arrows show the direction of reaction wave propagation
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