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Re-initiation Processes of Detonation Wave Behind Slit-Plate
(Influence of Slit-Plate Configuration)
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Pressure and temperature behind a detonation wave are extremely high and have a potential to
cause serious damages around it. Therefore, it is necessary from safety engineering point of view to
decay the detonation wave with short distance from a generation of it. In this study, experiments are
conducted in order to investigate behaviors of the detonation wave propagating into two pieces of
slits, since the detonation wave might be quenched behind the slits by expansion waves generated at
a corner of the slits and this behavior might be applicable to a technique of detonation-arrester. The
detonation wave produced in a stoichiometric mixture of hydrogen and oxygen is propagated
through the slits and behaviors of it are experimentally investigated by using a technique of pressure
measurement, soot track record and high-speed schlieren photography. As a result, when the
detonation wave propagated through the slits, a shock wave is decoupled with a reaction front. Two
shock waves diffracted from the slits interact each other at center behind the slits, then this shock
wave interaction induces a hot-spot enough to cause local explosion. Since, the shock wave is
reflected from a tube-wall eventually, the detonation wave is re-initiated by mechanisms of shock-

shock interaction or shock-wall interactions.
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Fig. 1 Schematic diagram of vertical detonation tube
(Total length: 4 100 mm, Cross section: 50 x
50 mm, P1 ~ Pl1: Measuring station of
pressure transducer and ionization probe).
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Fig. 2 Schematic diagram of slit-plate inserted at
observation section P6.  Detonation wave

propagates through two slits of w in width.

Table 1 Configuration of slit—plate.

Parameter Dimension
Length, L (mm) 50
Thickness (mm) 10

Width of Slit, w (mm) 3,5,8

Distance between Slit, x (mm) 2, 5, 10
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Fig. 3  Output from ionization probe (upper) and four
pressure histories (lower) (¢ = 1.0, po =
40 kPa, Slit-Plate : w = 8 mm, x = 10 mm).
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Fig. 4 Soot track record showing re—initiation pro-
cesses of detonation wave, SS: Shock—shock
interaction point as shown in fig.5 (¢ = 1.0,
po = 40 kPa, Slit-Plate:
10 mm).
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Fig. 5 High-speed schlieren photographs showing re—initiation processes of detonation wave behind slit—
plate, IS : Incident shock, ES : Explosion shock, RF : Reaction front, SS: Shock-shock interaction
point, LE : Light emission, DW : Detonation wave (Interframe time: 2 us, Exposure time: 400 ns,
¢ = 1.0, po = 40 kPa, Slit-Plate : w = 8 mm, x = 10 mm).
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Fig. 6 High-magnification of frames 3, 5 and 7 as

shown in fig. 5, dotted line indicates onset of

cellular structure D,; as observed in fig. 4.

Onset of
Cellular Onset of
Cellular

Structure

Structure

Fig. 7 Soot track record showing re—initiation pro-
cesses of detonation wave, SS: Shock—shock
interaction point, SR : triple point of Mach re-
flection (¢ = 1.0, po = 30 kPa, Slit-Plate: w =

8 mm, x = 5 mm).
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(a) SSl,

(d) SWI,
Fig. 8 Soot track record showing differences of re-initiation processes varied with slit-plate for constant

initial pressure po = 20 kPa and equivalence ratio ¢ = 1.0, Slit-Plate: (a) w = 8 mm, x = 10 mm,

(b) w = 8 mm, x =5 mm, (c) w =5 mm, x = 10 mm, (d) w =5 mm, x = 5 mm.
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Fig. 9 Relationship between re-initiation distance D,;
and initial pressure of test gas po varied with
slit-plate, SSI: detonation wave is re—initiated
by shock—shock interaction, SWI : re—initiated
by shock-wall interaction (¢ = 1.0).
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Fig. 10 Relationship between non—dimensional re—
initiation distance D,;/L and non—dimensional
width of slit w/A, L: width of slit-plate, A :
cell-size of C-J detonation wave (¢ = 1.0).
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