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The study to investigate safety region of detonation wave and deflagration wave in several concentrations of fuel
gas mixture is very important matter in term of safety engineering for industry using flammable gases in production
process to prevent detonation accident which may occurred due to human factor, malfunction of safety devices and also
imperfect in design of production system. Furthermore, mechanisms of quenching and re-initiation of the detonation
wave passing through expansion channel, i.e. grooved-block, slit-plate or orifice plate, are of particular importance
by considering safety devices to suppress the detonation wave in the industry. The detonation wave emerged from
the expansion channel is disintegrated into a shock wave and a reaction wave, since expansion waves generated at a
corner of the slit have effects to decrease a temperature and chemical reaction rate behind the shock wave. However,
it is understood that the shock wave diffracted from the slit causes re-initiation and transits to detonation wave at
downstream region of the tube, even though a diameter of channel is smaller than critical tube diameter.

The objective of this experiment is to investigate detonability and flammability limits of hydrogen air mixture
diluted by inert gas and to elucidate the quenching and re-initiation mechanisms of the detonation wave by installing a
grooved-block or a slit-plate into detonation tube filled with stoichiometric premixed gas of hydrogen and oxygen.

To obtain these goals, the experiment of detonability and flammability limits of common-used hydrogen-air mixture
diluted by argon, nitrogen or carbon dioxide have been carried out by using rectangular cross-section of the detonation
tube with dimension of 25 x 30 mm and total length of 3.0 meters. Concentrations of hydrogen, air and diluent gas
were varied to acquire wide range of concentration of fuel gas mixture.

Furthermore, the experiment of quenching and re-initiation utilizing the grooved-block and the slit-plate have been
performed by using rectangular cross-section of the detonation tube installed vertically with dimension of 50 x 50 mm and
total length of 3.7 meters. Stoichiometric gas mixture of hydrogen-oxygen was chosen to be used as test gas for this study.

By addition an amount of diluent gas into fuel gas mixture could decay chemical reaction to be slower than reaction

rate of fuel gas mixture without diluent gas. This phenomenon is occurred because diluent gas may able to increase



heat capacity of gas mixture especially at high temperature after gas mixture compressed by a shock wave.

Four patterns of relationship between a shock wave and a reaction wave propagated in driven section were observed
in this experiment when fuel gas mixture was added by diluent gas. These patterns are un-reacted pattern, deflagration
or flammability pattern, unstable detonation pattern and stable detonation pattern.

Comparing between argon, nitrogen and carbon dioxide as diluent gas, the fuel gas mixture diluted by carbon
dioxide resulted higher heat capacity than that of diluted by nitrogen or argon. It could be shown by region of
detonability of fuel gas mixture diluted by carbon dioxide was narrower than that of diluted by nitrogen or argon.

Since the limit of detonability relates with condition of spinning detonation wave, physical parameter such as
dimension of tube cross-section and length of the tube influences region of unstable and stable detonation wave. The
detonation tube having larger and longer dimension may result wider detonation region.

A detonation wave passing through an expansion channel is diffracted due to expansion wave generated at corner
of the channel and it has an effect to reduce temperature behind diffracted shock wave. Reducing temperature behind
the diffracted shock wave decreases chemical reaction rate of test gas and decouple it from the diffracted shock wave.
This process is identified as quenching process of the detonation wave. The quenching process can be observed in all
conditions and all configurations of the expansion channel.

Since the quenching of detonation wave is composed from a diffracted shock wave and a reaction wave propagated
to downstream direction, two diffracted shock waves may interact each other in the center of tube and induce high
temperature of hot-spot. If the temperature of hot-spot is high enough, the hot-spot may initiate a local explosion in
the center of tube and a local explosion is indicated as source of detonation re-initiation. However, the diffracted shock
wave propagated to downstream direction also interacts with surface of wall and it may be reflected to transversal
direction. The temperature behind the reflected shock wave may increase to an auto-ignition temperature and re-
initiate a detonation wave.

Generally, there are four patterns of re-initiation observed in this experiment, wherein the first shock-shock
interaction (SSI11), the first shock-wall interaction (SW11), the secondly shock-shock interaction (SS12) and the
secondly shock-wall interaction (SWI2). The first shock-shock re-initiation mechanism is mainly observed when cell
number (%) inside the channel is greater than 50 which can be obtained by increasing an initial pressure of test gas or
increasing dimension of the channel. Reducing an initial pressure of test gas or reducing dimension of channel may
decrease the cell number inside the channel and shift re-initiation mechanism.

Considering a relationship of ratio between width of channel with cell size (Ww/A) and re-initiation mechanism for
case of a detonation wave passing through double configuration of channel, the detonation wave is mainly re-initiated
by mechanism of SSI1 if the w/A value is greater than unity. However, if the w/A value is lower than unity, re-
initiation of detonation wave is delayed by mechanism of SWI1 or SSI2 or SWI2. Re-initiation by mechanism of SSI1
is always characterized by an acceleration of local explosion shock wave up to higher than C-J propagation velocity.

The re-initiation of detonation wave behind an expansion channel is always started by an overdriven process of
detonation wave appeared as very fine cellular structure of detonation wave on soot track record. The overdriven
detonation is observed in all mechanism of detonation re-initiation.

Empirical equation could be obtained from this experiment to estimate re-initiation distance based on number of

cell inside expansion channel.
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