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1 Abstract 

Using a detailed kinetic model of chemical interaction, numerical modeling of detonation combustion of a 

stoichiometrical hydrogen-air mixture has been carried out with purpose of determination of mechanisms 

of detonation wave control both in a quiescent gas mixture and in a supersonic gas flow. 

2 Introduction 

The intention to use detonation in energy generating plants (for example, in detonation engines) requires 

fundamental knowledge about detonation combustion of gas mixtures. So, the determination of means of 

control of detonation wave propagation in a gas is of great interest. It is well known that the velocity of 

detonation waves in gas mixtures depends strongly on the mixture composition, the concentrations of the 

fuel and oxidant, and the presence of various additions in the mixture [1], [2]. This allows one to control 

the propagation of a detonation wave and, if necessary, to guarantee the quenching of detonation 

combustion. In [3], it was found numerically that when one increases the volume fraction of quiescent 

inert particles in a gas mixture, the cell of the detonation wave passing through the particles enlarges; and 

a further increase in the fraction of particles leads to detonation failure. In [4], it was established 
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experimentally that detonation combustion in a gas mixture can be completely quenched by the veil of 

inert dust particles. On the other hand, means of conservation of detonation are of great interest too. 

In this research some mechanisms of detonation wave control both in a quiescent gas mixture and in a 

supersonic gas flow in plane channels are considered. 

3 Detonation Wave Control in a Quiescent Gas Mixture 

3.1 Mathematical Model 

We study propagation of a detonation wave in a quiescent gas mixture under the normal condition 

(pressure p0 = 1 atm and temperature T0 = 298 K) in a plane channel of constant width L. The 

instantaneous supercritical energy input in a domain in the shape of a thin layer near the closed channel 

end is used for direct detonation initiation. We consider a pure stoichiometrical hydrogen-air mixture 

(mixture of the H2, O2, N2 and Ar gases in the molar ratio 42 : 21 : 78 : 1, respectively), and a preliminary 

prepared stoichiometrical hydrogen-air mixture. Under preliminary preparation (conversion) of the 

stoichiometrical hydrogen-air mixture we keep in mind a preliminary decomposition of some volumes of 

molecular H2 and O2 gases into atomic H and O gases. 

In describing the chemical interaction the modified detailed kinetic mechanism of hydrogen oxidation 

proposed in [5] was used. This mechanism consists of twenty six reversible reactions. The partial 

enthalpies as functions of temperature are determined by the reduced Gibbs energies of the corresponding 

mixture components [6]. A set of Euler gas dynamics equations, describing a plain two-dimensional 

nonstationary flow of the inviscid reactive multi-component gas mixture, coupled with detailed chemical 

kinetics equations has been solved using a numerical method based on the Godunov's scheme [7]. 

The size of mesh has been chosen so that further grid refinements do not lead to a change of the flow 

pattern and so that the flow behind the detonation front (in particular, the flow in the induction zone) is 

represented correctly. Thus, the computational mesh with cell size ∆ = 0.005 mm was used in numerical 

calculations. According to [8] usage of the classical first-order Godunov's scheme and a very fine 

computational grid makes accurate numerical modeling of the flows under consideration possible and 

prevents any nonphysical oscillations of solutions. The numerical modeling was performed using the 

software package developed by the authors. The hybrid MPI/OpenMP parallelization of the computations 

was applied to reduce time expenditures. 

3.2 Results of Numerical Modeling 

As a result of initial supercritical energy input there is detonation wave initiation. Numerical noise causes 

spontaneous onset of the transverse instability of initiated detonation. As a result of it the detonation wave 

is modified and the steady cellular detonation is formed with time [2]. 

It was established that the preliminary preparation (conversion) of the pure stoichiometrical hydrogen-air 

mixture results in a small increase of the self-sustained detonation propagation velocity and essential 

decrease of the detonation cell rate. So, in case of detonation combustion of the mixture H2, H, O2, O, N2, 

Ar gases in the molar ratio 41.58 : 0.84 : 20.79 : 0.42 : 78 : 1, respectively (referred to as the prepared 

mixture 1) the detonation cell rate is more than two times smaller than one in an unprepared 

stoichiometrical hydrogen-air mixture (Figure 1 a, b) and detonation velocity increases only by 0.7%. 

Moreover, a small increase of quantity of decomposed gases leads to small increase of detonation 

propagation velocity and further sufficient decrease of detonation cell rate. So in case of the mixture H2, 

H, O2, O, N2, Ar gases in the molar ratio 41.37 : 1.26 : 20.685 : 0.63 : 78 : 1, respectively (referred to as 

the prepared mixture 2) the detonation cell rate is approximately three times smaller than one in the 

unprepared mixture (Figure 1 c).  
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We examined influence of the preliminary partial gas dissociation on propagation of a detonation wave. In 

particular, we studied detonation propagation in a quiescent gas mixture in a plane channel of constant 

width with a non-destructing infinitely-thin transverse obstacle (barrier) of height smaller than the channel 

width L. The barrier is located in some distance from the closed channel end. Its location was chosen so 

that a detonation wave with a formed cellular structure approaches the barrier. It is known that there is a 

critical barrier height, dependent on the channel width, such that the detonation wave is destructed after 

the interaction with the barrier if its height exceeds the critical value [9]. It was established that in case of 

preliminary prepared mixture the critical barrier height exceeds the critical height in case of the 

unprepared mixture under other conditions being equal (Figure 2). Moreover, for conservation of 

detonation combustion in the channel in case of increasing barrier height a decomposed gases quantity has 

to be increased as well (Figure 3). It should be noted that in case of conservation of detonation combustion 

   
a b c 

Figure 1. Numerical soot foil: a – the unprepared stoichiometrical hydrogen-air mixture; b – the preliminary 

prepared mixture 1 (H2, H, O2, O, N2, Ar gases in the molar ratio 41.58 : 0.84 : 20.79 : 0.42 : 78 : 1), c – the 

preliminary prepared mixture 2 (H2, H, O2, O, N2, Ar gases in the molar ratio 41.37 : 1.26 : 20.685 : 0.63 : 

78 : 1). Here X=x/L, Y=y/L, L is the channel width. Detonation propagates from left to right 
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Figure 2. Numerical soot foil in case of detonation propagation in a plane channel with a barrier (barrier 

height hb=0.7 L): a – detonation destruction in case of the unprepared stoichiometrical hydrogen-air mixture, 

b – detonation conservation in case of the preliminary prepared mixture 1. Here X=x/L, Y=y/L, L is the 

channel width. Detonation propagates from left to right 
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after passing the obstacle the detonation wave structure is temporarily modified and is restored with time 

(Figures 2 b, 3 b). 

So, the preliminary conversion of the gas can be used to prevent destruction of the detonation wave by the 

transverse obstacle (barrier) located in the channel. 

4 Detonation Wave Control in a Supersonic Gas Flow 

The ability of detonation control in the stoichiometrical hydrogen-air mixture flowing at a supersonic 

velocity into a symmetrical plane channel with a constriction by means of inert dust particles addition in 

the gas was studied. 

The scheme of a part of the channel above the symmetry plane is shown in Figure 4 a. A combustible 

mixture under the normal condition flows at a supersonic velocity into the channel parallel to its symmetry 

plane through the boundary � = �� and flows out through the boundary � =0. To initiate detonation at the 

initial time, we used an instantaneous supply of supercritical energy to a thin layer near the section � = �� 

(the shaded region in Figure 4 a). The detailed statement of the problem has been given in [10]. The 

numerical simulation of detonation combustion of a dust-laden gas mixture was carried out within the 

framework of the multicomponent mixture extension [11] of the one-temperature one-velocity model [12] 

describing the flow of a gas with small inert particles. 

We considered a gas flow in channels with the following geometric parameters: �� = 0.125 m, 

�� = 0.375 m, �� = 0.5 m, �� = 0.0175 m, �� = 0.035 m, � > ��, and different values of parameter 

α=(��−��)/(�� − ��), which determines the position of the channel neck � = ��. 

In case of a channel geometric parameters of which do not guarantee detonation stabilization in a flow (the 

detonation wave moves through the channel and leaves it in the counterflow direction) it has been 

established that the addition of fine dust particles into the gas flow may be used for detonation 

stabilization due to decrease of detonation velocity in the dusty gas mixture. So, in case of the pure 

combustible mixture incoming into the channel (� =0.04 m and α = 0.5) with M� = 4.9 the detonation wave 

propagates into the converging part and leaves the channel against the flow. However, the addition of 
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Figure 3. Numerical soot foil in case of detonation propagation of the preliminary prepared mixture in a plane 

channel with a barrier (barrier height hb=0.8 L): a – detonation destruction in case of the preliminary prepared 

mixture 1, b – detonation conservation in case of the preliminary prepared mixture 2. Here X=x/L, Y=y/L, L is 

the channel width. Detonation propagates from left to right 
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small dust particles (dust mass fraction �� = 0.104) in the mixture flowing into the channel with M� = 4.9 

provides detonation wave stabilization in the diverging part of the channel (Figure 4 b). 

Moreover, we have established that the concentration of dust particles in the incoming flow can be 

considered as a control mechanism for the position of the stabilized wave. For example, a small decrease 

in the dust mass fraction to �� = 0.065 leads to a situation when the detonation wave propagates further 

into the diverging part and stabilizes closer to the neck of the channel (Figure 4 c). 

5 Conclusions 

Using a detailed kinetic model of chemical interaction, numerical modeling of detonation combustion of a 

stoichiometrical hydrogen-air mixture has been carried out with purpose of determination of mechanisms 

of control of a detonation wave. It has been established that preliminary preparation of the gas mixture 

(some volumes of molecular H� and O� gases has been preliminary decomposed into atomic H and O 

gases) and addition of fine inert dust particles into the combustible gas mixture can be applied as 

detonation control mechanisms. 

In case of the quiescent gas mixture under the normal condition a study of possibility of detonation wave 

control due to preliminary conversion of the mixture was performed. In particular, we obtained that 

preliminary preparation of the mixture can be applied to prevent detonation combustion quenching in the 

channel with a transverse barrier. 

Numerical investigation of detonation combustion of the gas mixture flowing with supersonic velocity 

into a symmetrical plane channel with a constriction reveals that the addition of fine dust particles into the 

              a 

 
b 

 
c 

Figure 4. a − the schematic of the upper channel part (the arrow shows to flow direction); b, c − density 

contours in case of stabilization of a detonation wave in the channel with constriction for the dusty gas 

mixture, M� = 4.9, α=0.5, and � = 0.04 m in case of dust mass fraction �� = 0.104 (b), 0.065 (c). A 

computational grid of ∆=0.02÷0.03 mm was used 
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gas may be used both for detonation stabilization and stabilized detonation location control in the 

supersonic flow of the gas mixture. 
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