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Introduction

Quasi-detonation propagation, flame acceleration in duct with porous media or regular
obstructions has been studied for many years. Main velocity propagation modes has been identified and
classified depending on the gas mixture composition, stoichiometric ratio, initial pressure, porosity and
pore size, or blockage ratio. Low-speed deflagration, high-speed deflagration, quasi-detonation and
Chapman-Jouguet (CJ) detonation regimes has been found and described. Criterion to flame acceleration
and transition from one regime to another were proposed [1-15].

But, in spite of the large amount of experimental and theoretical data, the physical mechanisms of
wave propagation for different regimes still not clear. In a broad sense, these are local shock wave
compression and adiabatic compression resulting in spontaneous ignitions of unburnt products at elevated
thermodynamic conditions, usually referred to as turbulent mixing mechanisms. In the case of a shock
adiabatic compression, the hot spots in the porous medium may be formed by single or multiple
reflections of the leading shock wave front, shock wave diffractions and focusing effects within the porous
matrix as well as interactions of shock headed transient gas jets from the adjacent pores.

Early was shown that normal shock reflection mechanism itself cannot produce the successive
auto-ignition of the mixture at real length scale in a porous bed and ensure the self-sustained propagation
of quasi-detonation near the limits [16-17].

From experimental and theoretical point of view it is interesting to elucidate the dominating
ignition mechanisms of quasi-detonation at different conditions. In this study we visualize fast
deflagration and quasi-detonation in matrix of cylinders and measure mean and local inner pore velocity
correlations.

Experimental design

To better understand the processes occurring in a single cell of porous structure we provide
experiments in simple 2D geometry — matrix of cylinders in narrow gap. In such geometry the flame front
can be considered roughly as a plane and also we can experimentally observe ignition phenomena inside a
single pore. Experiments were conducted in test volume (cross-section of 8 x 107 mm and 500 mm long)
equipped with a matrix of 8 mm cylinders (Figure 1a), situated chequerwise, with BR=0.73 (Figure 1b).
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Figure 1. Photograph of the installation (a) and schematic of 8 mm cylinder pattern (b).

A flame was initiated in a small pre-chamber (ignited by standard spark plug) and transmitted to
quasi-detonation mode in a porous layer. The propagation phenomena was observed through the
transparent wall along the entire length of the test volume using two high speed cameras PHOTRON
FASTCAM SA-X2 and PCO DICAM PRO equipped with dual narrowband filters Apax = 430.4 nm, Adgs
= 2.6 nm and Amax = 430.6 nm, Akgs= 2.6 nm (photoluminescence of CH radical). Experiments were made
in a stoichiometric oxy-acetylene mixture C,H,+2.50,, with 70 degrees of argon and nitrogen dilutions.
Initial pressure was varied from 0.01 to 0.04 MPa. Commercial grade acetylene, oxygen and argon of 99.9
% purity were used for mixture preparations. A pressure meter controlled the initial pressure of the
mixture with an accuracy of = 0.4 mm Hg. 16 ion gauges and 3 pressure transducers measured the velocity
and pressure of shock and reaction fronts. Two lines of ion sensors (8 each line) provided measurements
of a quasi-detonation velocity in different parts of the test volume along the direction of wave propagation.

Results

Figure 2 shows the video storyboard (324000 frames per second) of a small zone where the wave
velocity is already stationary (Figure 3). The arrows indicate the direction and distance traveled by the
brightest region in the flame front. Based on this, local reaction zone velocities around cylinders were
determined (Figure 4). As can be seen from the figure 4 and table 1 the velocity is varied from 400 m/s to
1500 m/s.

If we determine the average quasi-detonation velocity V = 675 m/s (Figure 3) as the velocity of
the leading shock wave heading a quasi-detonation structure, the post-reflected shock wave pressure and
temperature behind normally reflected leading shock at initial pressure 0.02 MPa are Ps = 0,35 MPa and Ts
= 907 K respectively. Based on these values, we can find ignition time and induction zone length using a
detailed kinetic mechanism from [18]: ti,g = 1,17 mS, Ling = Ting V = 790 mm, where V - the leading shock
wave velocity. This means that during the time between initial shock compression and auto-ignition of the
mixture in porous layer the leading shock front should travel the distance approximately equal to 158 pore
size. At the same time the pressure and ion current measurements show that induction zone length is less
than one pore size (Figure 3a). This result is evidence that the self-ignition of the mixture due to the
normal shock reflection mechanism is not sufficient to maintain the propagation of quasi-detonation in a
porous medium [16, 17]. If we assume that the leading shock wave velocity is close to maximal measured
in experiments (Figure 2, Frame 4) V = 1516 m/s. For such wave intensity, for post-shock conditions
behind leading shock wave we immediately obtain values of P, = 0,56 MPaand T, = 1770 K, tj,g = 0,5
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pus and L,y = 0,76 mm for ignition time and induction zone length correspondingly. This value for
induction zone length correlates well with the pore size (Figure 2, frame 1).
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Figure 2. The video storyboard (324000 frames per second) of quasi-detonation propagation along the pores.
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Table 1: Reaction zone velocities of deduced from the photos

Frame Velocity above | Velocity below Frame Velocity above | Velocity below
number | obstacles (m/s) | obstacles (m/s) number obstacles (m/s) obstacles (m/s)
2 397 750 7 978 652
3 1110 1145 8 987 626
4 851 1516 9 546 1031
5 1236 881 10 1172 969
6 775 579
7 Pressure at distance 76 mm
2501 Pressure at distance 190 mm
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Figure 3. Pressure (a) and mean front velocity

° Figure 4. Local wave velocities around cylinders.
measured by ion probes (b).

Conclusions

The propagation of fast deflagration and quasi-detonations in a layer comprised of matrix of 8-mm
steel cylinders has been studied experimentally using high speed self-luminous observations. It was shown
that inside the pore velocity can vary from 500 up 1600 m/s, while the average velocity of quasi-
detonation is 650-700 m/s. Assuming that the velocity of leading shock wave heading the reaction zone is
close to the maximal velocity of reaction zone 1600 ms we can obtain the realistic value for induction
zone length of quasi-detonation correlating with the size of the pore.
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