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Abstract : To realize a quick initiation of detonation in insensitive fuel-air mixtures in the combustion chamber of a PDE
operating in the air-breathing mode, the authors have proposed a new detonation initiator using a circular disk as a "reflecting
board" near the exit of a predetonator tube. When a fuel-oxygen mixture fills the predetonator tube as a driver gas, the
mixture change and the abrupt area change occur simultaneously at the exit. This paper describes the promoting effect of the
reflecting board on the detonation transition through the mixture change.
chamber are stoichiometric hydrogen-oxygen mixtures diluted with nitrogen. Main results obtained in this study are in the
followings: The detonation wave maintains the propagation velocity in the fuel-oxygen mixture right after the abrupt area

The combustible mixtures in the combustion

change, this results in the increase of the distance at which the head of a rarefaction wave reaches the axis of the predetonator
and the incident planar detonation wave disappears. Because the cell size right after the abrupt area change is near the size of
the fuel-oxygen mixture, the cylindrical detonation wave survives the axial expansion even when the reflecting board

separation is less than the propagation limit of the cylindrical detonation wave propagating in the diluted mixture.
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Table 1 Experimental conditions

Initial pressure, Py Atmosphere

Condition A: Predetonator filled partially with driver gas

Filling pressure of driver gas, Piver 101

Filling pressure of target gas, Py ger 101

Condition B: Predetonator fulfilled with driver gas

Filling pressure of driver gas, Piver 158

Filling pressure of target gas, Py ger 80

Scale: [kPa(abs)]
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Fig.3 Soot tracks on sidewall of main combustion chamber
(a) w = 10 [mm], 20 % N2, (b) w = 20 [mm], 35 % N2
(c) w =30 [mm], 20 % N2
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Fig.4 Transition limit as a function of reflecting board separation
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Fig.6 Measured core radius of incident planar detonation

Table 2 Calculated velocities and measured cell size

N, [%] a [m/s] vey [m/s] alvey A [mm]
0 1545.7 2841.8 0.54 1.22
10 1438.2 2642.7 0.54 1.27
20 1348.8 2475.2 0.54 1.73
30 1270.0 2325.7 0.55 2.19
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Fig.7 Schematic diagram of diffracted detonation front [6]
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Fig.9 Soot tracks on front surface of reflecting board
35 % Na, (b) w =20 [mm], 30 % N>

(a) w = 15 [mm],

T T T T T T T
—_
O 2H,+0,+30%N,
é 30 A 2H,+0,+35%N, i
k=) O 2H,+0,+40%N,
L'S ~ V 2H,+0,+45%N,
2= Head of rarefaction wave by calcularion
@ 220F == ye,=2841.8 [mys] H
S S vey =2119.5 [m/s]
S =
S35
0710 .
<
o N
8 -8 g
= \h\\\
1 Soan 1 L 1

20 40
Reflecting board separation w [mm]
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Table 3 Sonic velocity and CJ velocities

N, [%] a [m/s] vey [m/s] alvey
2841.8* 0.54

45 1164.3
2119.5 0.41

*CJ velocity in condition of 0%N,
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Fig.11 Transition status evaluated by cell size of incident detonation
wave
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Fig.12 Soot track on front surface of reflecting board (w = 10 [mm],
35%N>)
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