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1 Abstracts

The numerical investigation of detonation propagatin a stoichiometrical hydrogen-air mixture
flowing at a supersonic velocity into a plane chelnhas been carried out with the purpose of
determination of conditions that guarantee detonadtabilization in the flow without any expendéur
of energy.

The possibility of stabilization of a formed dettioa wave without energy input in the combustible
gas mixture flowing at a supersonic velocity inte fplane channel with narrowing cross-section has
been determined. The stability of the flow withbsliaed detonation in the channel with narrowing ha
been examined.

In addition for some Mach numbers of the incomilogvfthe method of determination of the channel
shape which gives detonation initiation and itdiditzation in the flow without any energy input is
proposed.

2 Introduction

The interest in the study of detonation wave iromlgustible gas mixture is closely connected with
practical demands. So the intention to use detmmdti energy plants, for example, in detonation
engines requires fundamental knowledge about thendgon combustion of high-velocity flows. In
particular the investigation of a possibility otantrol of detonation propagation in a supersoms g
flow and determination of conditions that guarandegonation stabilization are of great interési.

the method of detonation stabilization in a supgicsgas flow by means of weak discharges has been
proposed in [1-2]. However detonation stabilizatwithout any energy input is of more interest. So,
the conditions that guarantee detonation stabitinaih supersonic flows of hydrogenous mixtures in
an axisymmetric nozzle were investigated (seeekample, [3]). Stabilization of rotating detonation
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in an axisymmetric combustion chamber was studidd]i The formation of stationary detonation in
plane channels with a wedge-shaped part for sombustible gas mixtures was examined in [5-6].
Using quasi-one-dimensional model detonation sgatibn in a supersonic flow in a channel with
variable cross-section area was studied too [7].

In the present research the possibility of stadiion of detonation combustion of a supersonic fiow
stoichiometrical hydrogen-air mixture due to usecs@ form plane channels (without any energy
input) was investigated.

3 Mathematical Model

Detonation propagation in a premixed stoichiomatricydrogen-air mixture flowing into a plane
channel (inflow cross-section and outflow one aeeppndicular to the incoming flow direction) is

studied. The combustible gas mixture under the aboonditions (,=1 atm, T;=298K) is incoming
into the channel at a supersonic velocity thatsiseatially larger than the velocity of self-susitain
detonation propagation in the quiescent mixturénviicoming flow parameters: that M, > M
(here,M,, is the flow Mach numberM ;, is the Mach number of self-sustaining detonation).

The set of gas dynamics equations describing a pl&d-dimensional nonstationary flow of
the inviscid reactive multi-component gas mixtige i
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where X andy are the Cartesian coordinateésandvy are the corresponding velocity components;
t is the time;p, p andh are the density, the pressure and the enthalgpectively;n, is the
molar concentration of theth species in the mixture; ang is the rate of formation/depletion of the
I th component. The examined mixture consists ofpigies:H,, O,, H, O, OH, HO,, H,O,
H,O,, N, andAr .

The equations of state for the mixture have thalusum

pszoTZni , h =Znih(T)-

HereT is the temperatureR, is the universal gas constant. The values of glegtithalpiedh (T)
were taken from [8].
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Figure 1. Detonation stabilization in the symmetriplane channel with narrowing cross-sectian: the
schematic of the upper part of the plane charimelthe pressure field and the density contoursase of

detonation stabilization in the divergent parttd thannel folM;=5.2; ¢ — zoom-in window showing the

stabilized detonation. Here and further=x/1, y'=y/|, wherel is the half of the outflow section
width; the arrow shows to flow direction.

The inflow boundary conditions are the incomingamlparameters, the outflow boundary condition is
necessary only in boundary points with the subsesliacity of gas outflow (in this case, the bourydar

condition is p,,; = Py)- Slip condition is imposed at the channel surface

A set of Euler gas dynamics equations coupled datiailed chemical kinetics equations [9] (in cafse o
symmetrical channels with narrowing cross-sectanm [10] (for channels of special shape) has been
solved using a finite-difference method based enGlodunov's scheme. The adaptive computational
mesh was used for numerical simulation of studiedd with detonation wave3he size of mesh was
selected so that the flow behind the detonationtf(m particular, the flow in the induction zongas
represented correctly. Thus the computational nveiih cell size 0.03mm - 0.01lmm was used in
numerical calculations.

4 Stabilization of a formed detonation wave in theymmetrical plane
channel with narrowing cross-section

The possibility of stabilization of formed detormatiwithout any energy input in the combustible gas
mixture flowing at a supersonic velocity into tharsnetrical plane channel with narrowing cross-
section was investigated. The schematic of the muppg of the channel is shown in Figa. IThe
initial condition is the steady supersonic plane-tlimensional flow of the gas mixture in this chahn
obtained by the stabilization method without acdofor the chemical interaction. The initial

instantaneous supercritical energy inftgt in the narrow layer shaped domain located nearx;
section (shaded region in Figg)lwas used for detonation initiation. Two detonatieaves are formed

as a result of the energy input: the first one pgates downstream (this wave is transferred by the
flow) and the other propagates upstream. The infleeof geometrical parameters of the channel on
propagation of the latter detonation wave has Iséagied. It has been established that for somee=salu

of the incoming flow Mach numbel, the geometrical channel parameters may be seleot¢lat

the detonation wave is stabilized in the flow withany energy input.
So, the pressure field and the density contoursage of detonation stabilization in the divergemt (

the line of flow) part of the channel fdfl ,=5.2 are presented in Figh &nd Fig. T. In the case under
consideration the detonation wave initiated in dhennel part with parallel Wallsx( =5) moves

upstream and is stabilized with time at a shortadise fromx' =6 section. Decrease of a wave
velocity and subsequent detonation stabilizatioa determined by the presence of transversely-
extended flow region with a large value of the litundjnal velocity in front of the wave in the
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Figure 2. The stabilized detonation wave in caserwfrgy inputE,4 (at the moment of timée=2.286ms)

with the exponential dependence of energy inputsitieron transversal coordinata: — the energy input
domain contains stabilized detonatibn; the energy input domain is located in fronthaf tietonation wave.

divergent part of the channel. The stabilized dation wave and the oblique shock wave of the initia
steady flow form a Mach configuration; the forméairf with stabilized detonation is unsteady.

In case of detonation stabilization ft,=5.2 the energy input in a narrow layer shaped donmvas
used for testing the stability of this flow with ethstabilized wave. The energy inpt,

(Eeg =100 J/m) with the exponential dependence of energyt density on transversal coordinate

and with uniform density in the domain containimg tstabilized detonation front and in a domain
placed in front of detonation was considered. & haen established that in spite of a disturbafice o
the stabilized detonation after energy releasestiezgy input under consideration does not break the
wave stabilization and does not change the locatibrthe stabilized detonation wave (Fig. 2).

Moreover the flow disturbance by the energy inpyf, with the exponential dependence of energy

input density on transversal coordinate in the dorfecated near th&' =7 section was considered.
In this case energy supply,., leads to formation of a new detonation wave upstteHowever this

t=2.286ms t=2.295ms t=2.300ms

Etest

t=4.800ms
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Figure 3. Restoration of the flow with stabilizedtahation in case of energy inpli.y (at the moment of

timet=2.286ms) in the domain near tix¢ =7 section.
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Figure 4. The detonation wave stabilized aheati@bbstaclea — M,=5.5;b — M, =6.

wave is transferred by the flow and is stabilizethwime in that place where the initial stabilized
detonation was located (Fig. 3). These resultcatidithe stability the flow under considerationhwit
the stabilized detonation wave in the channel withrowing.

5 Formation of stabilized detonation in the plane lsannel of special shape

In case of channel with narrowing cross-section itiital energy input was used for detonation
initiation. For determination of a channel shapecWigives detonation initiation and its stabilipati
in the flow without any expenditure of energy arn@atwo-dimensional supersonic flow of the

combustible gas mixture with Mach numbér,=5.5 and 6 about the symmetrical semi-infinite plan

obstacle placed along the stream was consideresl obbtacle configuration was chosen so that the
flow with detonation was formed. There is formatmna detonation wave stabilized near the obstacle

due to a flow velocity which is more than a det@wrabne (M, > M ,,). In cases under consideration

the flow with the stabilized detonation is unsteatlie to transverse waves propagating along the
detonation front (Fig. 4).

In case ofM,=5.5 the structure of the stabilized ahead of thetaxle detonation wave was

considered. It has been established that the detonwave is divided into three sections with
different structures. So a part of the wave nearsymmetry plane is overdriven detonation; with the
increase of the distance from the plane of symmétey left-running transverse waves (facing
upstream) propagate along the detonation front) thié further distance increase the transversesvave
of both sets (left-running and the right-running® &rmed and define a cellular structure that is
qualitatively similar to a plane detonation waveisture [11]. The detected structure of the deionat
wave stabilized ahead of the obstacle is conforméd a structure of a wedge-induced oblique
detonation wave [12 — 13].

Then detonation combustion of the gas mixture flgrat the same velocity into plane channels (the
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Figure 5. Flow in the channel of the special shapease ofM,=5.5:a — formation of stabilized detonation

in the channel with supercritical width of the oWl cross-sectiornt) — the detonation wave moves upstream
from the channel in case of subcritical width o thflow cross-sectiont(=0.985ms).
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top walls of which are determined by streamlineshef flow under consideration, the bottom one is
determined by the plane of symmetry and by theamlesstsurface) was studied. The initial condition is

the incoming gas flow. It has been established fiiafixed incoming flow Mach numbeM,, the
detonation wave is stabilized in the channel, thegpe of which is defined in this way, if the widih

the inflow cross-section is more than some critmaé¢ (Fig. ®). In case of subcritical width of the
inflow cross-section the detonation wave movesrepst from the channel (Figbp
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