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Propagation Behavior of Combustion Wave Induced by a Shock Wave
Propagated into a Premixed Gas of Oxygen and Hydrogen
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In this paper, experimental results were reported to investigate a behavior of combustion wave
when a shock wave was transmitted into a combustible premixed gas of oxygen and hydrogen. In
general, phenomena occurring in the premixed gas would be classified into four types, i.e. (a) the
shock wave was just transmitted without causing ignition for the shock wave propagated with low-
Mach number, (b) the gas was ignited behind the shock wave and a deflagration wave was
propagated following the shock wave, (c) the deflagration wave was transited to a detonation wave
behind the shock wave, (d) a detonation wave was directly initiated just behind incident shock
wave having high-propagation Mach number. In this study, a shock wave produced by a detonation-
driven shock tube was transmitted into a premixed gas of oxygen and hydrogen varied with an
equivalence ratio, initial pressure of premixed gas and Mach number of the shock wave. As a result,
the phenomena of combustion wave were classified using a cell-size of steady-propagating detona-
tion wave. For sensitive gases having small cell-size, the detonation wave was directly initiated
behind the shock wave even though the Mach number of the shock wave was relatively low.
Empirical equations to evaluate a Mach number and temperature behind shock wave were obtained,
which are threshold parameters to cause detonation wave behind transmitted shock wave.
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Fig. 1 Schematic diagram of detonation driven shock tube; a shock wave produced by a detonation tube

is propagated into run—up tube and test tube filled with premixed gas of oxygen and hydrogen.

Measuring stations named from P1 through P7 are mounted in run—up tube and test tube.
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Table 1  Experimental conditions of gases filled in a driver tube, run—up tube and test tube.

Tube Parameter Condition
Driver Tube  Premixed Gas H,+0,/(2¢)
Equivalence Ratio, ¢ 1.0
Initial Pressure, p4; [kPa] 60 ~ 330
Initial Temperature, 7y; [K] 3005
Run-up Tube Premixed Gas He+xN;
Molar Ratio of Nitrogen to Helium, x 0.14,0.22,0.29,0.39, 0.57, 0.98
Initial Pressure, p| [kPa] 25,50,75, 100
Initial Temperature, T; [K] 300+5
Mach Number of Incident Shock Wave, M,; 1.43~3.15
Test Tube Premixed Gas Hy +0,/(2¢)
Equivalence Ratio, ¢ 0.5,0.75,1.0,1.25,1.5,2.0
Initial Pressure, p; [kPa] 25, 50,75, 100
Initial Temperature, T; [K] 300+5
Mach Number of Transmitted Shock Wave, M, 1.45~3.25

Temperature behind Transmitted Shock Wave, T, [K] 372 ~ 826
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¢=1.25, p, = 50 kPa, M, = 2.03, M, = 2.09
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Fig. 2 Profile of ionization current (upper) and
pressure (lower), type (a):non—ignition (¢ =
1.25, p; = 50 kPa, My; = 1.93, My = 1.98).
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Fig. 3 Profile of ionization current (upper) and
pressure (lower), type (c):DDT (¢ = 1.25,
p1 = 50 kPa, M;; = 2.03, My, = 2.09).
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Fig. 4 Profile of ionization current (upper) and
pressure (lower), type (d) : direct initiation (¢ =
1.25, p1 = 50 kPa, My; = 2.27, My = 2.34).
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Fig. 5 Profile of ionization current (upper) and
pressure (lower), type (c):DDT (¢ = 1.25,
p1 =25 kPa, My; = 2.21, My, = 2.28).
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Fig. 6 Profile of ionization current (upper) and
pressure (lower), type (c):DDT (¢ = 2.00,
p1=25kPa, My; =2.33, My = 2.43).
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Fig. 7 Classification of combustion wave using Mach
number of transmitted shock wave M, and

initial pressure of test gas p; (¢ = 2.0).
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Fig. 8 Classification of combustion wave using Mach
number of transmitted shock wave Mg and
equivalence ratio of test gas ¢ (p; = 100 kPa).
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Fig. 9 Classification of combustion wave using Mach
number of transmitted shock wave M and

non—dimensional diameter d/A.
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Fig. 10 Classification of combustion wave using non—
dimensional temperature behind transmitted
shock wave T>/T; and non—dimensional diam-
eterd/A.
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