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Special properties of diffusion self-ignition ofdrpgen were studied experimentally at a pulse dis-
charge into a channel filled with air. Self-ignitiof hydrogen occurred at a contact surface ofehe

of hydrogen. Required temperatures for self-ignitad hydrogen were reached due to heating the air
by a shock wave which appears as a result of timestagionary supersonic discharge of hydrogen
from the high pressure vessel. Formation of a shwake flow structure at the pulse discharge of

compressed hydrogen into the channel with air wadied, and ignition delays of hydrogen were de-

termined.

1 Introduction

The work is devoted to investigation of the diffusiself-ignition occurred at the contact surface of
fuel and hot oxidizer. A necessary concentratidio rlaetween the components is ensured due to the
diffusion and intermittent. One of such casesffusgion self-ignition of hydrogen or another combus
ible gas at a pulse discharge from a chamber umgdharpressure into air. With this releasing a shock
wave is formed in air which heats air to a tempertnore then one thousand degrees. It creates suf-
ficient conditions for igniting of the combustild@ses if it are in contact with hot air [1].

The large part of recent investigations is devdtedetermination of thermodynamic parameters and
boundary conditions with which the diffusion seafition of hydrogen is possible. The experimental
and numerical minimum values of pressures and teatyres which cause the ignition of hydrogen
are represented in [2,3]. The actions of obstadeannel cross section and channel length are pre-
sented in [4,5]. The kinetic mechanisms of thetigniof hydrogen with different boundary conditions
are given by [6].

Both for the preliminarily mixed mixtures and noixed ones the characteristic parameter of ignition
is ignition delay. The ignition delays of the prainarily not mixed mixtures exceed the delays f@-p
liminarily mixed 4-5 times in the range 1000-140Q#& There is a significant difference between ex-
perimental and numerical values of ignition delg]s

In the case of diffusion self-ignition the mostuadtcriterion can prove to be a duration of decaspr
sion and formation of the hydrogen jet. The roléhef rupture rate of a diaphragm on the possitlity
self-ignition of hydrogen was investigated numdhcan [9]. However, this statement has not been
confirmed experimentally.

The goal of this work was determination of the igm delays of hydrogen at pulse discharge from a
high pressure chamber (the chamber) into a straigé channel of low pressure (the channel) behind
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an incident shock wave. Influence of the openirig od the diaphragm on the formation of the shock
wave was studied.

This setting of experiment gives the possibilitytést one of models of a pressure release device fo
the discharge of hydrogen into atmosphere.

2 Experimental technique

For modeling of the spontaneous discharge of hyalragto the channel the rupture of diaphragm was
used between the chamber and channel. The schavh#tie system work, organized according to the
principle of a shock tube, and X-t-diagram arestitated on Fig. 1.
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Figure 1. Experimental setup and X-t-diaphragmifféision self-ignition.

Compressed hydrogen from a ballodhas given into the chambe?) (by a manual adjustment with
the using of a regulating cocR)( Pressure in the chamber was growing with thedmd 0.1 MPa/s
and was measured by a manome#r {Vith reaching of the required pressure a diagrinrgd) was
broken, and hydrogen discharged into the char@)dilied by air at 100 kPa with forming the shock
wave propagated through the channel.

The channel with 60 mm in length and 18 mm in di@mevas used to investigate the shock wave
formation. This channel and another one with ler@f185 mm and 5 mm in diameter were used to
investigate the influence of opening rate of theptragm on the possibility of self-ignition. Igoni
delays were determined in channels of round artdmgalar (2*10 mrf) cross sections.

The pulse discharge of hydrogen leads to the foomaif the shock waveS{V), behind which the
theoretical contact surfac€®) moves. A flame frontHF) appears on the contact surface.

For registration of the shock waves piezoelectriespure transducers PCHB) (vere used, located
along the channel. For registration of the moméngmition and flame propagation photodiodes were
established. Photomultiplier tub8) (and light diode §) arranged along the axis of the channel were
used to register the opening rate of the diaphraghigh speed frame digital camer#) was used to
register the process of breaking of the diaphragm.

3 Rupture of diaphragm. Shock wave formation

The less the duration of opening, the more ragitkyshock wave formation and the faster the heating
of the contact surface. Therefore besides initresgure and temperature the self-ignition delays of
hydrogen is determined by duration of the openindji@phragm as well.

To vary the duration of opening the diaphragms afper, brass, aluminum and steel of different

thickness and depth of cuts were used. The thisksesf diaphragms was changed from 0.10 to 1.00
mm.
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Different moments of frame high-speed registratdrthe opening copper diaphragm are shown on
Fig. 2 at initial pressure of hydrogen 6 MPa. Fus tase the duration of opening was 5060

Figure 2. Different moments of rupture of diaphradpeft to right: Ous; 10us; 20us; 30us; 40us; 50us.

In the range of initial pressures 2-10 MPa the tiloma of the opening of diaphragms are determined
by the photomultiplier tube. The duration was rahfem 80 to 12:s. Map of possibility and impos-
sibility of self-ignition of hydrogen in dependenca duration of diaphragm rupture and initial pres-
sure of hydrogen are represented on Fig. 3. Durati@pening was correlated with the relationship:

oHo

At=N 222 o),

0

whereN = 0,9506 — gas parameteryat 1,4,H = 1.4 — effective diameter for round diaphragm with
cuts,p — density of metaly — thickness of the diaphragi, — initial pressure in the high pressure
chamber.
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Figure 3. Map of self-ignition / no self-ignitiorf bydrogen in dependence on duration of diaphragpture and
initial pressure of hydrogei. — one-stage shock wave formation in 18 mm changeition, 2 — no ignition in
18 mm (in diameter) channe3;— two-stage shock wave formation in 18 mm chanigeition; 4 — three-stage
shock wave formation in 18 mm channel, no ignitir; ignition in 5 mm (in diameter) channél:- no ignition

in 5 mm channel.

Due to this the speed of releasing hydrogen isuroform in cross section of the channel. Finiteerat
of the opening led to the fact that a system otkheaves appeared in the channel, rather thargéesin
shock wave. Also, as a result of the prolonged imgeaf the diaphragm the contact surface can be

smeared.
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For example, at the initial pressufg = 6.3 MPa the diaphragm with a thicknessief 0,2 mm was
used. The time of the rupturtt was 73us. In this case the distance of the formation efititident
shock wave in the channel was 43 mm (2.4 tube dens)e Readings of pressure transducers and pho-
todiodes in channel are presented on Fig. 4. piegsure transducer didn’t register a shock wawe, b
the second one registered the shock wave. Readfripe photomultiplier tube corresponded to area
of breaking of the diaphragm.
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Figure 4. Shock wave formation in the channel ofmi@ in diameterl,2 — pressure reading®,(MPa) in the
channel at the distances of 10 and 50 mm from idgghdagm 3 — photodiode readings,(u.r.) of hydrogen self-
ignition behind the shock wavé— photomultiplier tube readings,©6) of opening of the diaphragm.

Three basic ways of formation of the shock waveewdstermined: single-step, two-step and three-
step. Single step: only one front of shock wave alaserved in the channel. Two step: two consecu-
tive fronts of the wave was observed. Three stagetand more fronts of wave were generated in the
channel. For each way the possibility of self-igumitis considered on Fig. 3.

4 Ignition delays in the channel

In the present work the ignition delays of hydrogemere determined relative to the moment of for-
mation of the shock wave after opening of the diagim. The moment of self-ignition of hydrogen in
the channels was registered by photodiodes antiebphiotomultiplier tube. The error in the determi-
nation of the ignition delays of hydrogen did nateed 15%. Ignition delays were determined as a
function of the initial pressure and the tempemthind the shock wave.

Since the ignition of hydrogen occurred after therfation of a shock wave, the motion of gases can
be considered as one-dimensional at the distamtash exceed the distance of the formation of shock
wave. Therefore the temperatufesf gas behind the incident shock wave were caledlin the ap-
proximation of ideal gas. A relative error in thetemination of the temperature did not exceed 10%.
Ignition of hydrogen occurred if temperature at tdemtact surface with air is not lower than auto-
ignition temperature during the period exceedingnduiction period. Therefore in short channels-self
ignition did not have time to arise.

Fig. 5 (left) presents the experimentally deterrdiignition delays depending on the initial pressafre
hydrogen at discharge into the channel of roundsceection3) and the channel of rectangular cross
section R). Increasing in initial pressure of hydrogen fr@nMPa to 10 MPa leads to decreasing in
ignition delay up to 4@s.

The dependence of the ignition delay on the tentperdehind the incident shock wave is represented
on Fig. 5 (right). Also, comparison of the obtairredults with the previously obtained results @ th
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hydrogen ignition in the preliminarily mixed gagd4,12] behind the reflected shock waves is pre-
sented on Fig. 5.
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Figure 5. Dependences of self-ignition delays adrbgen on the initial pressure in the chamber)(lfid the
temperature behind the shock wave (righfl1], 4[12] — preliminary mixed mixture (pressures arevshde-
hind the reflected shock wave)— channel with rectangular cross section (pressare shown behind the inci-
dent shock waveB — channel with round cross section (pressurestaye/n behind the incident shock wave).

It was shown that the dependence of ignition detamythe temperature has exponential character. Igni
tion delays for the preliminarily mixed gases (dbtand4) exceed the same for the preliminary un-
mixed gases (dotg-3) in the range of temperature 800-1100 K. Thisedéhce reached 2Q6. If
temperatures behind the waves is 1100-1400 K ffereince in ignition delays was not observed.

5 Conclusions

Formation of the shock-wave flow structure at tlhise discharge of compressed hydrogen into the
channel with air was studied. The rate of openihthe diaphragm was investigated. In the range of
initial pressures of hydrogen 2-10 MPa the duratiohthe opening of diaphragms varied from 80 to
12 ps.

Influence of the duration of the opening of theptiagm on the formation of the shock wave, and as
consequence, on the intensity of the shock waveaxpsrimentally studied.

Ignition delays of hydrogen at pressures of moemth MPa were determined experimentally at the
contact surface with air in dependence of theahjressure and in dependence of temperature at the
contact surface. It was shown that the ignitioragelan be decreased up to #behind the shock
wave.
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