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Fig. 1 Detonation and deflagration speed under different coefficient C using one step overall reaction model*
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Fig. 2 Detonation and deflagration speed under larger coefficient C (left) and smaller C (right) using detailed

chemical reaction model
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Fig. 3 the distribution of dimensionless pressure P/Po(red line), local Mach number Ma(green line) and mole
fraction of OH(bule line) and there change over time under C=1.5
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Fig. 5 the distribution of dimensionless pressure P/Po(red line), local Mach number(green line) and mole
fraction of OH(bule line) before(left) and after(right) the coefficient C is introduced to the governing equation
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Fig. 6 Detonation and deflagration speed in catalyzed case(E,) and uncatalyzed case(E.=1.5E,)
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ANEW PHYSICAL MODEL OF DDT PROCESS IN GASEOUS

DETONATION
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Abstract:  Deflagration to detonation transition (DDT) process is a non-equilibrium and non-linear
physical process which involves shock wave mechanics, thermodynamics, chemical reaction kinetics, etc.
The study on DDT process has been conducted for over on hundred years. Now the physical mechanism of
DDT is still under discussion. Clarifying the physical mechanism of DDT process and predicting the
critical condition of DDT accurately is of great significance to understand detonation phenomena and to
prevent explosion accidents. In this paper, an expansion coefficient is introduced to one-dimensional Euler
equation to simulate the detonation-to-deflagration transition process of stoichiometric hydrogen /air
mixture. By comparing the numerical results given by one step overall reaction model and detailed
chemical reaction model and referring to various results of experiment and numerical simulation, the
authors propose a one-dimensional model to describe DDT process. The main idea of the model is that the
detonation wave surface and the flame surface are transonic in the laboratory coordinate system under the
critical state of DDT. Then the DDT process is realized by positive feedback of heat release from chemical
reaction and shock compression. This model can explain many phenomena related to DDT process, such as
ClJ deflagration, the critical velocity of DDT, the abrupt transition, etc.

Key words: DDT, gaseous detonation, physical model



