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Propagation Characteristics of Cylindrical Detonation Wave in Detonation Initiator
for Large Bore Pulse Detonation Engines
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ABSTRACT

Detonation initiation is one of the most important problems of pulse detonation engines. A reflector installed near a predetonator exit is
effective to maintain detonation waves. The incident detonation waves from the predetonator transform its shape from planer detonation
wave to cylindrical detonation wave and from cylindrical detonation wave to toroidal detonation wave around the reflector. To prevent the
detonation wave downstream of a reflector from disappearing, it is important to form a cylindrical detonation waves upstream of the
reflector. To define the minimal quantity of driver gas to form cylindrical detonation waves and to make sense of the mechanism that
determine the quantity, the authors uses a large-bore plate combustor and varied the following parameters to find the quantity to form a
cylindrical detonation wave : the quantity of driver gas and nitrogen concentration. To evaluate the quantity of the driver gas, the authors
uses overfilling radius. The over filling radius is the radius of the cylinder that is equal to the driver gas filled in the combustion chamber.
Results indicate that the mixing between driver gas and target gas is critical to successful transmission. To form the cylindrical detonation
wave reliably, the concentration of driver gas must be maintained at a high level so that the cell size doesn’t become large.
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Fig. 3 Schematic diagram of predetonator and
combustion chamber
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Fig. 4 Overfilling method
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flange in case of 1 atm, [N,] = 0%
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Fig. 6 Relation between cell size and distance from the center
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Fig. 7 Soot track record in case of 1 atm,
R =50 mm, [N;] =55.6%
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Fig. 9 Schematic illustration of filled combustion chamber in case

Fig. 12 Schematic illustration of filled combustion chamber in
of 1 atm, R = 50 mm, [N,] =55.6%

case of 1 atm, R =75 mm, [N,] = 55.6%

Table. 1 wave speed in case of 1 atm, R = 50 mm, [N,] = 55.6%
port P2-M1 MI1-M4 M4-M5
A 0.82 0.66 0.49

Table. 2 wave speed in case of 1 atm, R = 75 mm, [N,] = 55.6%
port P2-M1 MI1-M4 M4-M5
VIV 0.96 0.71 0.50

Fig. 10 Soot track record in case of 1 atm, . .
R=75mm, [N,] = 55.6% Fig. 13 Soot track record in case of 1 atm,
R =100 mm, [N,] =55.6%
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Fig. 14 Pressure profiles in case of 1 atm,
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Fig. 15 Schematic illustration of filled combustion chamber in
case of 1 atm, R = 100 mm, [N,] = 55.6%

Table. 3 wave speed in case of 1 atm, R = 100 mm, [N,] = 55.6%
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Fig. 16 Dependence of the nitrogen concentration in overfilling
radius of initial pressure in case of 1 atm
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Fig. 17 Relation between nitrogen concentration and cell size in
case of 1 atm
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Table. 4 Input condition of mass flow inlet

Initial Pressure 101.3 101.3 101.3
Py, kPa (abs.)
Opverfilling radius R, 50 100 150
mm
Total mass flow 0.057 0.175 0.371
Im, g
Filling pressure Pgyers 107 118.7 138.2
kPa (abs.)
Volume of driver gas | 2.0x103 | 2.0x10? 2.0x%103
section ¥, m®
Temperature 7, K 293.15 293.15 293.15
Universal gas constant 83143 83143 83143
Ry, J/kmol/K
Mean molecular 12.01 12.01 12.01
weight M, kg/kmol
(Hydrogen-oxygen 12.01 12.01 12.01
mixture)
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Fig. 19 Relation between nitrogen concentration and distance
from the center
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Fig. 20 Relation between nitrogen concentration and over
filling distance in case of distance from the center is 45 mm
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