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Table 1 Parameters of one-step reaction model

Zy  Zy Yu Y8 Ry/U+kg'+ K Ry/UJ-kg' K" E/J-kg') K/s' q/(J kg™

1.0 0 1.40 1.24 398.5 368.9 4.794 X 10° 7.5X10° 3.5X10°
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Fig.5 Instantaneous contours of pressure for a two-dimensional detonation propagation simulated by model-1
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Fig.7 Instantaneous contours of pressure for a two-dimensional detonation propagation simulated by model-2
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Fig.8 Movement of triple-wave points shown with the cellular structure simulated by model-2
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Fig.9 Cellular structures for a two-dimensional H,-air detonation simulated by model-1
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Fig.10 Cellular structures for a two-dimensional H,-air detonation simulated by model-2
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Auto-ignition effect in gaseous detonation propagation

Zhang Wei, Liu Yunfeng ,Teng Honghui, Jiang Zonglin
(State Key Laboratory of High Tem perature Gas Dynamics, Institute of Mechanics ,
Chinese Academy of Sciences, Beijing 100190, China)

Abstract; In this paper, the auto-ignition mechanism in the gaseous detonation propagation of the stoi-
chiometric H,-air detonable mixture in a straight tube was numerically studied using an overall one-
step chemical reaction model and a detailed chemical reaction model based on the two-dimensional Eul-
er equations. Meanwhile, the ignition delay times predicted by different models under different pres-
sures and at different temperatures were compared and the propagation process of triple-shock points
and the cell sizes were investigated. The results demonstrated that the cell sizes are proportional to the
ignition delay times, and the ignition delay time in the induction zone is consistent with the average
movement period of the triple-shock points. The leading shock compresses the detonable gas and then
both the temperature and the pressure of the gas rise. The gas with high temperature and pressure
soon finishes the process of auto-ignition, and a lot of heat is released during the ignition to maintain
the detonation propagation, which means the auto-ignition mechanism ensures the self~sustained deto-
nation propagation. The ignition delay time is considered as a chemical time scale characterizing the
chemical reaction. The period of the movement of the triple-shock points is a characteristic time scale
of shock dynamics. The coupling of these two time scales is a principal mechanism in gaseous detona-
tion propagation.

Keywords: cellular detonation; auto-ignition; ignition delay time; triple-shock points
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