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1 Introduction

The interest to the detonation examination visibly rises at last time. It’s connected with a prospect to use
detonation in pulsed reactive devices and generators of powerful pressure impulses. One of the main objects of
realized investigations is the determination of critical detonation initiation energy and the analysis of energy
decrease methods.

In the present research the numerical investigation of detonation initiation by the electrical discharge in
stoichiometric hydrogen-air mixture under normal conditions moving with supersonic velocity in the plane
channel of constant width | is carried out.

2 Mathematical problem state

The system of equations describing plane two-dimensional flows of non-viscous gas mixture is as follows:
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where X and y are the Cartesian coordinates; U and vV are the corresponding components of velocity; t is
time; p, p and h are density, pressure and enthalpy, respectively; n; is the molar concentration of the i th
component of mixture; @; is the rate of formation/depletion of the i th component.

The kinetic model developed by Maas and Warnatz is used for account of the hydrogen oxidation [1,2]:
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02+H > OH+O, O+O0+tM 02+M, H02+OH Ad H20+02,

O+H, <> OH+H, H+0O,+M < HO,+tM, OH+OH+M «> H,0,+M,

H2+OH A H20+H, H02+H Ad OH+OH, H202+H Aad H2+H02,

OH+OH «~ H20+O, H02+H Ad H2+02, H202+H > H20+OH,

H+H+M © HytM, HO,+H < H,0+0, H,0,+0 <> OH+HO,,

H+OH+M «— H20+M, H02+O > OH"‘Oz, H202+OH > H20+H02,
H02+H02 — H202+02,

where M denotes a third particle.
The equations of state for the hydrogen-air mixture have the usual form

p=pRT Y M, h=>nh(T), i=12.9.

Here T is the temperature, R, is the universal gas constant. The values of the partial enthalpies h;(T) are

borrowed from [3].

The set of gas dynamic equations jointly with the set of chemical reaction rate equations, which takes into
account principal features of chemical interaction of hydrogen with oxygen, was solved by a finite-difference
method based on the Godunov's scheme [4]. The size of computational grid mesh has been chosen by the
optimal way for minimization of calculation time and for the guarantee of sufficient precision of numerical
solution.

3 Numerical results

First of all the detonation initiation by the instantaneous discharge of narrow layer form of thickness h =0.48
(here and later all linear dimensions are divisible by the mean transversal size of detonation cell) with the
uniform energy-input distribution has been examined. In this case initially the plane detonation fronts
propagating in opposite directions from discharge are curved with time and the cellular detonation structure is
formed (fig.1). This fact is conformed to results of early realized examination of detonation initiation in the plane
channel filled with the stoichiometric hydrogen-air mixture at rest [5] with use less detailed kinetic model. Let us
note that in the case of channel, which is represented on the fig.1, only one detonation cell is formed across the
channel.
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Fig.1 Trajectories of triple points in the case of detonation initiation by instantaneous discharge with uniform
energy-input distribution for the flow with Mach number M =2

With the purpose of critical energy decrease the detonation initiation by the instantaneous discharge of the
same configuration with nonuniform energy-input distribution was studied. It was supposed, the dependence of
energy input density on transversal coordinate y is exponential one:

2
Ev(y)=%exp[—@ ]

0
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were Y, = 5 = 7 The constant A, is defined by the expression
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here E, is the discharge energy.
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a) E,=0.80 E. b) E,=0.87 E.
Fig.2 Trajectories of triple points in the cases of detonation failing (a) and of detonation initiation (b) for
instantaneous discharge with nonuniform energy-input distribution for the flow with Mach number M =2

In this case the spatial heterogeneity of energy deposition leads to the decrease of critical energy of detonation
initiation due to reflection of strong transversal waves which are formed at energy input from channel walls. It
has been established detonation is formed when E, equals 0.87 E«, where E. is critical initiation energy by the

instantaneous discharge of narrow layer form with the uniform energy-input distribution (fig.2). Let us note the
detected decrease of detonation initiation energy due to use of discharge with nonuniform energy-input
distribution takes place in the case of gas mixture at rest too, because the energy input is instantaneous. It’s
interesting to remark that in the case of detonation initiation (fig.2b) the cellular detonation structure is formed
immediately: the formed initially one detonation cell (due to the chosen heterogeneity of energy-input
distribution) isn’t modified with time and wave is propagated in stability regime. This is connected with the
width of the channel under consideration (see. fig.1).

In the case of discharge with nonuniform energy-input distribution the influence of input time 7 (7 >0) on
detonation formation was studied. The discharges with constant rate of energy input were considered. It has been
established the critical energy of detonation initiation does not increase for discharge with short duration of
energy input (7 < 7,, where 7, is some value), see fig.3. However for 7 > 7, the critical energy increases with

increase of discharge duration. So, in the case 7 =lmks the critical energy exceeds 0.87 E. and it’s more than
E. for 7 =1.5 mks. Let us note that in the case when discharge energy is smaller than critical one the flow with

downstream detonation wave and without upstream one is possible, see fig.4.

The flow velocity (Mach number) influence on the initiation of detonation under others conditions being equal
has been examined too.

At last the possibility of detonation wave stabilisation in the supersonic gas mixture flow was studied too. It
has been established the upstream detonation is stabilised under condition that flow velocity is equal to velocity
of self-sustained detonation wave under given conditions.
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Fig.3 Trajectories of triple points in the case of discharge with nonuniform energy-input distribution and
constant rate of energy deposition for flow with Mach number M =2 and some values of time discharge
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Fig.4 Formation of flow with downstream detonation wave and without upstream one in the case of
subcritical energy input
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