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Cylindrical exploding detonation wave propagating in large-bore plate combustor
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ABSTRACT

Detonation initiation is one of the important problems of pulse detonation engines. A reflector installed near a predetonator exit is effective
to maintain detonation waves. The incident detonation wave from the predetonator transforms its shape from planer to cylindrical and
cylindrical to toroidal around the reflector. To prevent the detonation wave downstream of reflector from disappearing, it is important to
form a cylindrical detonation wave upstream of the reflector. In this paper, the authors used a large-bore plate combustor and varied the
following parameters to find the necessary condition to form a cylindrical detonation wave: the quantity of the driver gas and time from the
ball valve opening to the ignition. To evaluate the quantity of the driver gas, an overfilling distance is used. The overfilling distance is the
radius of the 10 mm high cylinder whose volume is equivalent to the total amount of the driver gas used in the experiment. Results indicate
that the mixing between the driver and target gases affects the ability of successful transition. When a cylindrical detonation wave is formed,
an annular soot track structure appears in the vicinity of the predetonator exit. This structure and velocity of detonation waves show that
the transformation of the incident detonation wave into the cylindrical detonation wave results from the twice reflection from the plates of
the combustor. To form a cylindrical detonation wave, the driver gas should fill the volume much larger than the annular structure area.
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Fig. 2.1 Schematic diagram of combustion chamber.
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Table. 2.1 Initial pressure of driver and target gas.

R =100 mm R =125 mm R =150 mm
P1[kPa] 191 239 308
P2[kPa] 85.0 74.4 65.7

Fig. 2.2 Overfilling distance.
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Fig. 3.1 Soot track record from back wall; filling the combustor
with driver gas.
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Fig. 3.2 Pressure profile; filling the combustor with driver gas.

Table. 3.1 Wave speed; filling the combustor with driver gas.

C2-M1 M1-M2 M2-M3
V [m/s] 2689 2957 2838
VIV 0.95 1.04 1.00
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Table. 3.2 Experimental result; 1 atm, 7= 1 s.
R =100 mm R=125 mm R =150 mm
[N2]=55.6% No Go Go Go
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Fig. 3.3 Soot track record from back wall; [N2] =55.6 %, R =
150 mm, Go.
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Fig. 3.4 Pressure profile; [N2] = 55.6 %, R = 150 mm, Go.

Table. 3.3 Wave speed; [N2] = 55.6 %, R = 150 mm, Go.

Fig. 3.5 Soot track record from back wall; [N2]=55.6 %, R =
125 mm, Go.
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Fig. 3.6 Pressure profile; [N2] = 55.6 %, R = 125 mm, Go.

Table. 3.4 Wave speed; [N2] =55.6 %, R = 125 mm, Go.

C2-Ml1 MI1-M3 M3-M5
V [m/s] 2697 2625 1871
VIV 0.95 0.93 0.66(0.95)

C2-M1 M1-M2 M2-M3
V [m/s] 2699 2340 2289
ViV 0.95 0.82 0.81
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Fig. 3.7 Soot track record from back wall; [N2]=55.6 %, R =
100 mm, No Go.
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Fig. 3.8 Pressure profile; [N2] = 55.6 %, R = 100 mm, Go.

Table. 3.5 Wave speed; [N2] = 55.6 %, R = 100 mm, Go.
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Fig. 3.10 Pressure profile; [N2] = 55.6 %, =10 s, Go.

Table. 3.7 Wave speed; [N2] = 55.6 %, =10 s, Go.

C2-Ml1 MI1-M3 M3-M5 C2-Ml1 MI1-M3 M3-M5
V [m/s] 2446 772.8 R V [m/s] 2712 2692 2373
ViV 0.86 0.27 - VIV 0.96 0.95 0.84
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Fig. 3.9 Soot track record from back wall; [N2]=55.6 %, t =
10 s, No Go.
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Fig. 3.11 Soot track record from back wall; [N2] = 55.6 %, ¢ =
20 s, No Go.
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Fig. 3.12 Pressure profile; [N2] = 55.6 %, ¢ =20 s, No Go.

Table. 3.8 Wave speed; [N2] =55.6 %, t =10 s, Go.
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Fig. 3.13 Soot track showing successful transmission.
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Fig. 3.14 Mechanism of detonation transition.
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