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Experimental research on the law of flame spreading
in the charge bed of a central ignition tube
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Abstract: In order to investigate the development of flame spreading in the charge bed of a central ignition tube, a visualized
ignition experiment platform was designed, and experiments were carried out with different ignition charge masses and charge
structures. A high-speed image acquisition system was used to record the propagation process of ignition flame in the
propellant bed at 10000 frames per second, and a transient pressure recorder was used to obtain the variation of pressure with
time and position in the chamber. In addition, a synchronous trigger was used to connect the high-speed image acquisition
system, the transient pressure recorder and the ignition system of the experimental platform, giving the system a trigger zero
point, which is convenient for the statistical analysis of subsequent experimental phenomena. The experimental results show
that the time of flame-appearing from the ignition tube into the combustion chamber is 0.6 ms when the mass of the black
powder is 20 g. However, the time increases to 1.5 ms when the mass of the black powder is 30 g. The average flame-spreading
time of the stick charge structure is 2.2 ms, the average flame-spreading time of the granular charge structure is 3.4 ms, and the
average flame-spreading time of the mixed charge structure is 3.1 ms. The results indicate that the mass of the black powder in
an ignition tube has a significant effect on the time of flame-appearing from the ignition tube, and the higher black powder
mass lead to the longer flame-appearing time. The performances of flame-spreading in different charge bed structures are quite
different. The performance of flame-spreading in the stick charge structures is better than that in the granular charge structures
and mixed charge structures. In addition, the pressure fluctuations will appear in the chamber due to gas choking in the granular
charge structures. A mathematical model of the flame-spreading process was established by fitting the first-order exponential
decay function according to the time sequence of the position of flame, and the goodness of fit is greater than 0.98.
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Fig. 1 Flow chart of the simulation experimental system
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Fig. 2 The visualization device for experimental investigation of propellant charge ignition
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Table 1 Charging parameters in each case
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Fig. 6 High-speed photography of flame spreading through propellant charge in different cases
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Fig. 7 Flame positions along the propellant chamber during charge ignition of cases 1, 3 and 5
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