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An important task in assessing the safety of technological processes is to determine the detonation capability 
of a gas mixture. One of the criteria for the possibility of deflagration transition to the detonation propagation 
mode is the ratio of the transverse size of detonation cells to the characteristic room size. However, the size 
of experimental units imposes limitations on the compositions suitable for the study. A numerical study of the 
characteristics of detonation front instabilities can remove the limitations of the in-situ experiment. Neverthe-
less, according to [1], the occurrence of instabilities in simulations of detonation propagation does not guaran-
tee correct reproduction of their characteristics obtained in the experiment. As shown in this work, the features 
of front instabilities depend significantly on the chosen kinetic mechanism. Thus, the development of a numeri-
cal model to describe the detonation process in chemically reacting continuous media seems to be relevant. 

The system of conservation law equations of the model of a multicomponent single-velocity continuous 
chemically reacting medium [2], closed by the ideal gas equation of state, is solved during modelling. The 
reaction rate is determined on the basis of the Arrhenius and acting mass laws [3]. Turbulent quantities are 
calculated using the Menter SST model [4]. The calculations are performed in the KEDR software package 
[5] in the finite volume approach with the values placed in the centers of the cells. To increase the approxi-
mation order on smooth flow, the flow limiter minmod [6] was used. A modified Kuropatenko method [7] 
was used on the discontinuous flow. Time integration was carried out by the explicit one-step method of the 
first order. A stiff-steady solver based on Gear's method [8] was used to solve the stiff system of chemical 
kinetics equations.

This paper presents intermediate results of the model development, which includes testing various de-
tailed kinetic mechanisms of Ranzi [9], GRI-3.0 [10] and Babushok [11] on experimental data [12, 13, 14] 
for ignition delay times in the range of temperatures from 850 K to 2200 K and pressures from 1 to 87 at-
mospheres.

The combustion of a stoichiometric hydrogen-air mixture was modelled using the mechanisms that 
showed the best agreement with the experimental data. The modelling is performed in a stoichiometric 
hydrogen-air mixture with direct initiation of detonation. The pressure maxima fields obtained as a result of 
the simulation are presented in Figure 1.

The results of the analysis of the detonation cell size in the regions highlighted in Figure 1 are presented 
in Figure 2. For comparison, the size of detonation cells estimated in the experimental work [15, 16] is given.

       
Fig. 1. Pressure maxima fields obtained using the mechanisms: 

left – Ranzi [9], right – Babushok [11]
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Fig. 2. Frequency of occurrence of cells of a certain size (a). Experimental data [15]. 
Size of calculated detonation cells (b). Experimental data [16]

In this work, the accuracy of ignition delay modelling using the Ranzi, GRI-3.0, and V. I. Babushok 
mechanisms has been analysed. It is shown that the Ranzi mechanism provides the closest ignition delays 
to the experimental data in a wide range of temperatures and pressures. The influence of the detailed 
kinetic mechanism on the characteristics of detonation front instabilities is demonstrated. The possibility 
of modelling detonation combustion instabilities using the KEDR software package has been demonstrated.

References

1	 Borisov, S. P., et al. // Physics of combustion and explosion. – 2021.
2.	 Combustion. Phys. and Chemical Aspects...: / J. Warnatz, et al. – 2003.
3.	 Pigasov, E. E., et al. // Bulletin of SUSU MMP. 2013.
4.	 Menter, F. R., et al. // Turbulence, Heat and Mass Transfer. – 2003. – Vol. 4.
5.	 Certificate of State Registration No. 2023664620.
6.	 Sweby, P. K. // SIAM J. Numer. Anal. – 1984.
7.	 Belyaev, P. E., et al. // Bulletin of SUSU MMP. 2021.
8.	 William Gear, C. // Prentice-Hall. – 1971.
9.	 Kéromnès, A. et al. // Combustion and Flame. – 2013.
10.	Smith, G. P., et al., GRI-Mech 3.0.
11.	Babushok, V. I., et al. Kinetics and Catalysis. Vol. XXV, vol. 1, 1984.
12.	Herzler, J., Naumann C. // Proc. of the Comb. Institute. – 2009. – Vol. 32.
13.	Skinner, G. B., et al. // J Chem Phys. – 1965.
14.	Petersen, E. L., et al. // 20th Intl Symp on Shock Waves. – 1966.
15.	Dorofeev. // State-of-the Art Report by a Group of Experts. – 2000.
16.	 Ciccarelli, G., etc. // Technical Report. Brookhaven National Laboratory. – 1997.


