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Re-initiation Processes of Detonation Wave Behind Slit-Plate
(Visualization of Re-initiation and Quenching Processes of Detonation Wave) ,
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A propagation of detonation wave shows particularly interesting phenomena, since the detona-
tion wave is constituted from a three-dimensional shock wave system accompanied with a reaction
front. Thus, the passage of a detonation wave draws cellular patterns on a soot-covered plate.
Pressure and temperature behind the 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
quench the detonation wave with short distance from the origin. In this study, experiments applied
high-speed schlieren photography are conducted to investigate behaviors of the detonation wave
diffracting from two pieces of slits. The detonation wave produced in a stoichiometric mixture of
hydrogen and oxygen is propagated through the slits and behaviors behind slit-plate are experimen-
tally investigated. As a result, when the detonation wave diffracted from the slits, a shock wave is
decoupled with a reaction front. Since two shock waves progagated from the slits interact each other
at centre behind the plate, the detonation wave is re-initiated by generating a hot-spot enough to
cause local explosion. It is also clarified that the shock wave reflected from a tube-wall induces
detonation re-initiation.
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Fig. 1 Schematic diagram of slit-plate inserted at
observation section of detonation tube.

Table I 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. 2  Sequential schlieren photograph showing re—initiation process from centre below slit—plate, Dotted

line: Detonation re—initiation point observed by soot track record as shown in Fig. 5, DW:
Detonation wave, ES : Explosion shock, IP : Intersection point of IS and ES, IS : Incident shock,
ME : Mild explosion, RF : Reaction front (2H; + O3, pp = 40 kPa, Slit-plate : w = 8 mm, x = 10 mm,

Frame interval : 1 us, Exposure time: 500 ns).

KBV TEIEY 2 EE LICFENIER S nETER
FEREIEREZFETET ST &, K3 IRTHLE
LOHEEEETIE £ =10 ps KBV CTRBEDGIEERE
NELLERL, CIEERHEZ S Ve ~3.0kms™!
ICETETZ L, BRXURRT %3 I HBEROBIR
R (TTREREL ST b R—2 a3 VIEDNERB LT
CHWENBNEEZK 2 ICHETRT) 5 12a%
HUBICEBNTT bx—a ik DW AERB L
EZ56N%. KEDW HICENDPEEENhLIDE, T
hR—a VEED VSR N RN EET S T
CICERY 5. ETERENEEOERE CTRTT S
ICEFHVEFR ME 249 870 19 A~ HLETE
BENBD, 79587 b x—vavige—& kLT
w9 5.

K4 cK 2 & FIRGEHAIE 117z P4, PS5, P7T 5K T P8
DHEFLICBI 244 VERBLCENBREZRT.

AU M SREILE TO T ARy IcDWT
WERFRDRIRY. e 172 EE TR U7X
TTFE p/po, HEEHZT B FZ— 3 VARV v MRS
FELTHOOGERR 2RY. T hx—Ya vk
DW i& P4, P5 DEICRIE LAY v MRKE TED—HE
DRETT 5728, KEHERE RS 2 PS, P4 DRI
T35, REMERRIERKAET ZEIET 572D, kE
HEREMERL AL Ta—TRRELEN. 7
Fx—aVERAY Yy "L REITTAZLICEKD,
B2 IR LK D ICHEBRK e RINHEICBET 5 L EX
5NBN, K4icET 3 P7 ORELTKEADIE
W b AX > Tu—TOHARIN—8T 5. <hk
D, PTOMETET b F—a ViEHBHCERMB LT
LHIETES.
KSIKK2DYa)—LYBEREERCFFITHLT
BoNZAY Y MFROT TEERZRT. I8

—184—

NI | -El ectronic Library Service



. The Japan Soci ety of Mechani cal Engineers

AY v MRERICBIT ST M & —v 3 Y EOHRGEE 2357

4.0 T L T T

p,=40kPa, w=8mm, x=10 mm ]

w
=]
E<

"
N
~
©
=

3
N

w

i

Propagation Velocity, V [km/s}
N
o

1.0F 1
3 ~O—Experimental (]
----- C-J Velocity
O 0 PUNPUNUN SEETI VS S S S T, ] b L ) s
0 5 10 15 20 25 30
Time, ¢ [us] '

Fig. 3 Profile of propagation velocity at central axis

of Fig. 2 (2H, + O3, po = 40 kPa, Slit-Plate : -

w =8 mm, x = 10 mm).
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Fig. 4 Profile of ionization current (upper) and
pressure (lower) measured at P4, P5, P7 and P8
(2H; + O3, po = 40 kPa, Slit-Plate : w= 8 mm,
x = 10 mm). ’
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Fig. 5 Soot track record behind slit-plate correspond
to Fig. 2, IP: Intersection point of IS and ES
(2H, -+ O3, po = 40 kPa, Slit-Plate : w = 8 mm,
x = 10 mm). ‘
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Fig. 6 Sequential schlieren photograph showing re—initiation process from wall of detonation tube, DW :
Detonation wave, ES; : First explosion shock, ES; : Secondary expldsion shock, IP : Intersection
point of IS and ES;, IS : Incident shock (2H; + O, po = 30 kPa, Slit-plate: w =8 mm, x = 5 mm,
Frame interval : 1 us, Exposure time : 500 ns).
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Fig. 7 Profile of propagation velocity at central axis ns. _ . s A S £ B
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Fig. 9  Sequential schlieren photograph showing quenching process of detonation wave below slit-plate,
CS: Coupled shock of IS and ES, ES: Explosion shock, IP: Intersection point of IS and ES, IS:
Incident shock, ME: Mild explosion, RF: Reaction front (2H, + O,, po = 40 kPa, Slit-plate:
w=>5 mm, x = 10 mm, Frame interval : 2 us, Exposure time : 500 ns). :

Re-initiation
Re-initiation

DS

Fig. 8 Soot track record behind slit-plate correspond
to Fig. 6, ES; : Trace of explosion shock, DS :
Interaction region of detonation with shock
wave, IP: Intersection pcoint of IS and ES
(2H2 + O3, po = 30 kPa, Slit-Plate : w = 8 mm,
x =5 mm).
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Fig. 10 Profile of propagation velocity at central axis
of Fig. 9 (2H2 + O3, po = 40 kPa, Slit-Plate :
w =15 mm, x = 10 mm).
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Fig. 11  Soot track record behind slit-plate correspond
to Fig. 9, IP: Intersection point of IS and ES
(2H; + O3, po = 40 kPa, Slit—Plate : w=5 mm,

x =10 mm).
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Fig. 12 Relationship of non—dimensional maximum
velocity of detonation wave Ve, Vor with
non—dimensional slit width w/A (2H; + O,).
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